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; MARY GRITZMAKER SCHIRA 
Cognitive Function o~ Individuals with End-Stage Renal 
Disease on Hemodialysis 
(Under the direction of VIRGINIA KEMP) 

An interrupted time series with non-equivalent 

dependent variables design was used to determine if there is 

a difference in attention and memory of adults on 

hemodialysis immediately before, during, and after a 

dialysis treatment. The study also investigated if BUN, 

creatinine, and carbon dioxide were predictive of cognitive 

function. The study sample included 52 individuals with a 

mean age of 45.5 years on out-patient dialysis an average of 

10.6 months. The sample was 52% male; 73% of the subjects 

were Black, 19% were white, and 6% were Hispanic. Subjects 

completed two tests of attention - Trailmaking Test A and B 

and one memory test - the Auditory Verbal Learning Test. 

The tests were adm.inistered immediately before, 60-90 

minutes after the beginning, and immediately after a HD 

treatment session. Blood for BUN, Creatinine, and carbon 

dioxide were obtained within 5 minutes of the cognitive 

function testing. Testing times were separated by one week. 

Cognitive function test results were analyzed using 

Repeated Measures Analysis of Variance. Analysis revealed 

that there were no significant differences (p>.05) in 

attention or memory among the three testing times. Despite 

significant differences (p<.05) in BUN, creatinine, and 

carbon dioxide among the three testing times, there was no 

significant correlation between serum values and cognitive 



function test results. Additional findings revealed that 

when compared to normal reference values, subjects had 

significantly (p<.05) impaired attention and memory function 

at all three testing times. Although memory function was 

impaired, a pattern that indicated information retention was 

demonstrated. 

The lack of difference in attention and memory function 

among the three testing times indicated that attention and 

memory did not vary during a dialysis treatment session. 

Therefore, the current practice of teaching patients 

throughout the dialysis session was supported. The pattern 

of memory function demonstrated in the sample supports the 

assertion in the theoretical literature that repetition of 

information plays an important role in teaching patients on 

dialysis. 
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Chapter 1 

Introduction 

End-stage renal disease (ESRD) is a chronic illness 

that affects approximately 255,000 individuals in the United 

States, 59% of whom are treated with outpatient hemodialysis 

therapy (National Institutes of Health, 1996). The 

manifestations of uremia, the accumulation of waste products 

in the circulation due to renal failure,-include a number of 

symptoms related to cognitive function. These symptoms may 

include mental sluggishness, decreased mental acuity, 

drowsiness, fatigue, lethargy, difficulty with 

concentration, and deficits in abstracting ability (Fraser & 

Arieff, 1997; Osberg, Meares, McKee, & Burnett, 1982; 

Teschan et al., 1979). Clinically, these symptoms may be 

manifested as a shortened attention span,. poor 

concentration, and difficulty or an inability on the part of 

the individual to remember instructions. 

The reversal or improvement of the cognitive symptoms 

of uremia is an important outcome measure in the treatment 

of ESRD by dialysis (Lazarus, Denker, & Owen, 1996). 

However, in many individuals, cognitive function related to 

attention and memory is not normalized by dialysis therapy 

(Osberg et al.; Teschan et al.). In many, attention and 

1 
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memory continue to be compromised or worsen on hemodialysis 

therapy. A specific cause for this observation has not been 

clearly identified. However, a number of physiologic 

changes that occur with ESRD are not normalized by dialysis, 

and these abnormalities may contribute to the sustained 

attention and memory deficits (Osberg et al.). 

Specifically, anemia, the degree of uremia (blood urea 

nitrogen, creatinine )_, and elevated levels of· aluminum and 

phosphate have all been suggested as possible determining 

factors in the altered cognitive function of ESRD (Lazarus & 

Hakim, 1991; Nissenson, 1989; Teschan et al., 1979). In 

addition, the changes in electrolytes, acidosis, fluid 

balance, and uremia that occur during hemodialysis and the 

adequacy of dialysis may affect cognitive function. The 

long term or cumulative effects of hemodialysis therapy 

itself may also play a role in the decline in cognitive 

function noted in patients on dialysis for several years 

(Osberg et al., 1982). 

Like many people with a chronic illness, individuals 

with ESRD are encouraged and even required to learn health 

and treatment-related information in order to care for 

themselves. These individuals must master information 

related to the dialysis treatment, medicines, diet, and 

dialysis access care. The deficits in cognitive function 

associated with uremia may decrease the individual's ability 

to learn information necessary for self-care. 
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In the ESRD literature, nurses are frequently 

encouraged to consider the impact that short-term memory and 

concentration difficulties have in the clinical setting 

(Baer, 1995; Jacobsen & McNatt, 1987; Stokes, 1991). 

Educators are advised that people with ESRD require 

repetition of information, tolerate only short teaching 

sessions, and need additional stimulation and positive 

reinforcement due to the effects of uremia on cognitive 

function (Baer). These guidelines are helpful in planning 

an overall education.approach for people with ESRD. 

However, in order to carry out specific education 

interventions, information about the optimum time to teach 

people on hemodialysis is needed. 

The impact of the internal physiologic environment 

created by illness or therapy on the individual's ability to 

learn is rarely noted (Rakel & Bulechek, 1990; Redman, 

1993). Learning involves different parts of the nervous 

system, and breakdown may occur at many points (Bower & 

Hilgard, 1981). While normal physiologic operation is 

necessary, it is not sufficient for learning to occur. The 

individual with ESRD must be psychologically motivated and 

physiologically capable of learning information. However, 

psychological motivation cannot overcome inefficient or 

absent physiologic mechanisms that support learning. An 

understanding of the physiologic factors altered by ESRD and 



dialysis therapy that affect learning coulq help educators 

maximize patient benefits from teaching interventions. 

4 

The overwhelming majority (98%) of the individuals in 

the United States on hemodialysis are treated in ambulatory 

or out-patient dialysis facilities (National Institutes of 

Heal th, -1996). Most of these individuals go to a dialysis 

center two to three times a week and are dialyzed for 3 to 4 

hours each treatment. Dialysis unit staff frequently use 

the time immediately before, during, or after the 

hemodialysis treatment to teach individuals information that 

facilitates self-care. While it seems logical and efficient 

to use these times for teaching, little is known about an 

individual's cognitive function during the three time 

periods. In addition, little is known about whether 

cognitive function is better or worse at any of the three 

times when compared to each other. 

In previous studies (Ginn, 1975; Lewis, O'Neill, 

Dustman, & Beck, 1980) cognitive function, related to short 

term memory, was found to be improved the day between 

hemodialysis treatments. These findings are supported in 

the clinical setting by the subjective reports of uremic 

individuals that they feel less fatigued and mentally 

clearer between treatments. However, individuals on 

hemodialysis are generally not available for education 

interventions and.are reluctant or unable·to return to the 

dialysis facility on a non-dialysis day. Booklets and other 
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audiovisual education materials may be used by the person at 

home to learn self-care information. However, in current 

practice initial and/or follow-up instruction is frequently 

carried out on an individual level in the dialysis unit 

while the patient is on the dialysis machine. Therefore, 

determining the time of optimal cognitive function during 

the time that individuals are available to dialysis unit 

staff for education interventions is important. 

Numerous studies addressing cognitive function in 

individuals with ESRD have been conducted. However, most of 

the research has been done under controlled laboratory 

conditions rather than in natural client-care settings. 

Previous studies have also not investigated cognitive 

function at the times most teaching is done--immediately 

before, during, and after hemodialysis. 

Purpose 

The purpose of this study was to determine if there was 

a difference in the cognitive function of adult individuals 

with ESRD on hemodialysis immediately before, during, and 

after a dialysis treatment. A second aim was to determine 

if physiologic variables altered by dialysis therapy were 

predictive of cognitive function. 



Chapter 2 

Conceptual Framework 

The conceptual framework for this study was derived 

from physiologic and cognitive function theories to evaluate 

the effects of ESRD and hemodialysis on learning. Attention 

and memory are basic cognitive processes that must operate 

to support learning and may be affected by numerous 

physiologic and psychologic factors (see Figure 1). The 

scope of this study did not allow investigation of all 

components of the conceptual model. This study focused 

specifically on the potential effects of renal failure and 

hemodialysis therapy on attention and memory. 

The performance of health-related self-care activities 

is at least partly dependent on the individual's ability to 

acquire necessary knowledge and skills. An understanding of 

the cognitive processes that support the acquisition of 

knowledge and skills provides a background for describing 

how ESRD and hemodialysis may affect cognitive function and, 

therefore, learning. 

Attention 

The most basic cognitive function that must be present 

for learning to occur is attention (Cimprich, 1992). 

Attention is the ability of-an individual to direct, focus, 

6 



Effects of End-Stage 
Renal Disease 

Effects of Hemodialysis 
Treatment Session 

Psychological Factors 

Attention 

Memory 

Learning 
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Figure 1. ESRD Cognitive Function Model. In the model, 

straight lines connecting the boxes on the left side of the 

model indicate that the effects of disease, treatment and 

psychological factors are interrelated. Arrows reflect 

direct relationships between each of the effects and 

attention/memory, and between attention/memory and learning. 
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and maintain concentration on stimuli in the environment for 

extended periods of time (Lovejoy & Minkler, 1986). 

Attention increases the sensitivity of the brain to 

information in the environment, focusing neural activity on 

a limited number of stimuli to the exclusion of others 

(Lovejoy & Minkler). Physiologically, the reticular 

activating system (RAS) of the brain stem increases the 

brain's sensitivity to incoming information (Bower & 

Hilgard, 1981; Whyte, 1992). The RAS relays specific and 

non-specific messages to the brain. The non-specific 

messages essentially alert the brain to process the 

information that arrives as a specific sensory message. 

This neural activity increases the sensitivity of the brain 

to selected stimuli and allows for the voluntary attention 

necessary for learning. 

In order to maintain voluntary attention, a global 

neural inhibitory mechanism operates to block distracting 

stimuli (James, 1983). When an individual directs attention 

to specific information, distracting stimuli in the 

environment are actively inhibited. However, attention may 

be drawn to distractions involuntarily. Involuntary 

attention is a spontaneous response to novel or potentially 

dangerous stimuli and requires minimal neural effort 

(James). The sensory input along the neuron pathways 

receiving the distracting stimuli is amplified and 

information in other pathways is decreased or blocked out 



(Bower & Hilgard, 1981). Attention is interrupted and 

diverted from the previous focus to the distraction. 

9 

Distracting stimuli may be external in the environment 

(e.g. noise) or internal in the individual (e.g. pain) 

(Cimprich, 1992). The greater the distractions in the 

external or internal environment, the greater the 

mental/neural effort needed to prevent the distractions from 

interfering with the intended information. Also, in order 

' to refocus attention, the individual must expend neural 

energy to overcome the distraction. Because of the large 

amount-of neural effort that may be needed, directed 

attention causes the subject to become fatigued (Kaplan & 

Kaplan, 1982). If the individual expends large amounts of 

energy to control distraction, minimal energy is available 

for the directed attention that supports learning. 

Within the context of illness and learning, Cimprich 

(1992) suggested that when there are few distractions in the 

internal or external environment, the individual expends 

minimal mental effort to sustain directed attention. 

However, when internal or external distractions that attract 

involuntary attention are present, the individual must 

expend a great deal of neural effort to maintain directed 

attention. 

Both external and internal environmental distractions 

may be present in ESRD., In th~ hemodialysis unit, 

distracting external environmental stimuli (staff activity, 
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machine noises) may occur that disrupt directed attention. 

As the individual is on dialysis longer, these stimuli may 

become progressively less novel, and, therefore, cease to be 

distractions. 

Internal environmental forces such as transient 

hypotension, potassium and so,dium changes, and fluid shifts 

may also provide distracting stimul~. The potential effect 

qf these internal forces on attention has not been described 

in the literature. However, Fraser and Arieff (1997) noted 

that decreased cerebral metabolism of sodium and potassium 

in uremic individuals may contribute to the clinical 

manifestations noted in the central nervous system (CNS). 

Also, although changes in the serum levels of electrolytes 

and uremic waste products that occur during dialysis may not 

accurately reflect the environment within the brain (Fraser 

& Arieff, 1997), the changes may alter cerebral metabolism 

enough to effect a change in attention. In addition, as 

electrolyte levels and urea decrease during the dialysis 

treatment, the internal environment may gradually become 

more conducive to the CNS functions needed for attention. 

Because of the nature of the internal physiologic 

changes, the individual may be unable to become accustomed 

to these distractions because they are not subject to 

conscious awareness or control. In addition, re-focusing 

attention may require neural energy or activity that may not 

be physiologically available due to the effects of uremia or 



dialysis on neuron function. The potential effect of 

internal environmental stimuli on the attention of 

individuals on hemodialysis ,is unknown. 

11 

Attention is made up of selection, sustaining, and 

limited capacity components (Ci~prich, 1992). When 

attention operates successfully, the individual selects 

important stimuli, suppresses distractions, remains 

sensitive to the information, and maintains focus on the 

information presented. In order for an individual to 

maintain attention, the physiologic efficiency of the 

neurons of the central nervous system is important 

(Gazzaniga, 1984). The individual with ESRD may have 

difficulty with attention due to an inefficient or poorly 

functioning neural system that compromises the individual's 

physiologic ability to focus. 

Selection includes the ability to focus awareness on 

some information in the environment while ignoring other 

stimuli present at the same time. Through selection the 

brain controls sensory input and enhances or inhibits the 

speed of incoming signals (Bower & Hilgard, 1981). 

Therefore, signals that are not of interest are blocked out 

and signals of interest are increased and support attention. 

The precise effect of ESRD and hemodialysis therapy on 

the selection component of attention is unknown. Clinical 

observations indicate that selection is decreased, resulting 

in increased distractibility of patients with ESRD (Fraser & 



Arieff, 1997). Although not clearly identified, elevated 

levels of uremic waste products may alter the brain's 

ability to control sensory input and incoming signals. 

12 

The sustaining component of attention allows the 

individual to maintain sensitivity to the selected 

environmental stimuli. Within the brain, varying weights 

are attached to stimuli presented at the same time 

(Cimprich, 1992). The weights are determined by the 

relative importance of the stimuli to the individual at that 

point in time. This sustained attention, with the selective 

enhancement of some stimuli over others in the cortex keeps 

an individual's neural activity focused. The length of time 

attention can be sustained for teaching interventions was 

not identified in the literature. Redman (1993) advocated 

keeping patient teaching sessions "short" but did not 

specify an amount of time for teaching session length. In 

dialysis patients, Baer (1995) suggested keeping teaching 

sessions shorter than 15 minutes because patients have 

difficulty maintaining attention. 

Uremia apparently compromises the sustaining component 

of attention, as evidenced by the limited attention span 

noted in patients on dialysis (Baer, 1995). This compromise 

may be the result of poor reception of stimuli_ by the brain 

or delays in the neural pathways that carry messages about 

stimuli to the brain. As with selection, the exact 



13 

mechanism of the effects of ESRD on sustaining attention has 

not been described. 

Finally, the limited capacity of attention refers to 

the amount of information upon which an individual can focus 

at one time. Under optimum conditions, attention capacity 

is limited to actively processing only about 5 pieces of 

information at any one time (Cimprich, 1992). As with the 

selection and sustaining components of attention, capacity 

is decreased in patients with ESRD. A decreased attention 

span also reflects limited capacity (Cimprich). The 

attention capacity of patients with ESRD has not been 

discussed in the literature. How~ver, it is ~easonable to 

suspect that the same mechanisms that influence the 

selection and sustaining aspects of attention also affect 

capacity. 

Prior to a more specific discussion of how ESRD may 

affect attention, an understanding of how neurons function 

is necessary. Ozuna (1992) provided a clear discussion of 

how neurons function and was used as the basis for the 

following summary. Neurons are responsible for initiating, 

receiving, and transmitting messages about stimuli inside 

and outside the body. Neuron messages occur by generating 

and conducting action potentials along nerve fibers. Action 

potentials are the result of depolarization and 

repolarization processes that make the neuron cell membranes 

selectively permeable to sodium and potassium. The 



successive depolarization and repolarization of the cell 

membranes along the nerve fibers conducts the action 

potential, and, therefore, a message along the fibers. 

14 

Messages are transmitted from one nerve fiber to 

another through chemical interactions involving 

neurotransmitters and receptors. Transmission of action 

potentials across the synapse between neurons requires 

chemical neurotransmitters from the sending neurons that 

attach to chemical receptors on the receiving neurons. 

Neurotransmitters may be excitatory or inhibitory. 

Excitatory neurotransmitters increase sodium permeability of 

the cell membrane and the likelihood that an action 

potential will be transmitted across the synapse. 

Inhibitory neurotransmitters increase potassium and chloride 

permeability of the cell membrane and decrease the 

likelihood that the action potential will cross the synapse. 

Neurotransmitters continue to combine with receptors across 

the synapse until they are taken up by receptors, 

inactivated by enzymes, or diffuse away from the area. 

Also, a single neuron has numerous synapses for the action 

potential to continue across. The action potentials are 

repeated along the neurons and across nerve fibers until the 

message reaches the appropriate structure•within the brain. 

Therefore, whether or not an action potential reaches the 

brain depends on the net effect of excitatory versus 

inhibitory neurotransmitters and the removal of 



neurotransmitters at each synapse. Attention, then, is 

focused as long as the action potential is conducted along 

the nerve fibers. If the action potential is disrupted, 
' 

attention is lost. If attention is lost, learning cannot 

occur. 

Memory 

15 

With attention providing the initial necessary 

condition, the individual must form a memory. Storing and 

retrieving memories is integral to learning, a process 

whereby behavior is modified as a result of previous 

experiences (Boss, 1986). In ESRD, the individual must 

modify previous behaviors to include diet changes, 

medicines, and dialysis treatments. The individual cannot 

learn new behaviors unless memory is intact. In addition, 

information provided during teaching sessions must first be 

transferred from short-term memory to long-term memory. A 

short-term memory generally lasts for a .few seconds to a few 

minutes (Guyton & Hall, 1996). By contrast, a long-term 

memory is more permanent, lasting several minutes to several 

years (Guyton & Hall). Not all information presented is 

transferred to long-term memory. Furthermore, _even though 

information may be present in long-term memory, the 

individual may or may not use the learned information and 

modify behavior. However, if the information is going to 

affect behavior on an ongoing basis, it must be preserved in 

long-term memory. 
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Memory is the reception, registration, consolidation, 

and retrieval of sensory information (Boss, 1988). The 

reception of information begins with the activation of the 

reticular activating system (RAS) through the attention 

mechanism (Bower & Hilgard, 1981; Whyte, 1992). The 

remaining steps of memory are distributed through the 

nervous system and are·accomplished in numerous structures 

of the brain (Boss). -Also, while the structure for 

attention and memory are different, the basic 

neurophysiology of the neuron and the mechanism of neural 

synapse transmission that support attention and memory are 

the same. Regardless of the specific structures involved, 

temporary activity along the neurons supports short-term 

memory. Although the exact mechanism of neuron activity is 

unknown, when the activity along the neurons cease, short

term memory also stops (Boss, 1986). This neuron activity 

is time limited and persists for o_nly a few seconds to 

minutes. As with the neuron functions that support 

attention, short-term memory is related to creation of 

action potentials and through the movement of sodium and 

potassium along the neurons and across neuron synapses 

(Boss, 1986). Therefore, the potential effects of ESRD and 

dialysis on attention may effect short-term memory in the 

same way. The shifts in electrolyte and metabolic waste 

levels are most dramatic during the hemodialysis treatment. 

Therefore, in order to determine the potential effect of the 
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changes in sodium, potassium, and metabolic wastes on 

memory, it needs to be assessed during the time when change 

in levels are occurring. 

The transfer of the time limited short-term memory into 

the more permanent long-term memory is the next important 

step in information preservation. Long-term memory is also 

accomplished by several structures but involves more 

permanent physical changes within the brain (Boss, 1986; 

Guyton & Hall, 1996). Initi,ally, the short-term memory is 

sorted and coded. Sorting separates essential from 

nonessential information and selects specific information in 

short-term memory for storage in long-term memory. Once 

sorted as important, coding compares the information with 

past long-term memories and determines where in the brain 

the memory should be stored. Throughout sorting and coding, 

the information is rehearsed, further consolidating it as a 

long-term memory. During rehearsal, similarities among and 

differences between the old and the new memory are also 

stored. Therefore, the original memory of information 

selected as essential is constantly changed and remodelled 

to reflect additional information. Each time a memory is 

retrieved for comparison and is remodelled, a more permanent 

memory develops (Boss). 

For individuals on hemodialysis, treatment-related 

memories are constantly being formed and remodelled as 

therapeutic regimens change. For example, a new long-term 
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memory would need to be formed when a new medicine is added 

to the treatment regimen. An old memory would need to be 

remodelled to accept a change in a current medicine's dosage 

or schedule. Whether the memory is new or old, the 

information about the medicines will first need to be sorted 

as essential and compared with a previous memory. The 

individual's motivation to view the information as essential 

is important (Baer, 1995). However, regardless of the 

individual's motivation or desire to incorporate new 

information, the internal physiologic environment must 

function effectively for memories to be transmitted and 

remodelled. If inefficiencies in neuron function due to 

electrolyte or metabolic waste levels are present prior to 

or minimally improved by dialysis, the information may be 

less likely to be preserved in memory. Also, if the 

internal physiologic environment is more conducive at some 

times during the dialysis session that others, information 

should logically be presented when the individual is most 

likely to benefit. 

As shown in Figure 1, the ability of the individual 

with ESRD to learn information is based on attention and 

memory. Attention must be activated, a short-term memory 

formed and then transferred to long-term memory. Both 

attention and memory depend on a physiologically efficient 

CNS, which depends on the availability and appropriate use 

of electrolytes known to be altered in ESRD and by dialysis 
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treatment. In addition, the metabolic wastes present in 

ESRD and only partially removed by dialysis may affect the 

transmission of messages across nerve fiber synapses. The 

potential effect of these changes while they are occurring 

during the dialysis treatment is not known. With attention 

and memory intact, the individual can learn the knowledge 

and skills needed for self-care. If the mechanisms are 

delayed or otherwise altered, learning may be slower, 

incomplete or impossible to achieve. 

In order for environmental stimuli to reach long-term 

memory, the information must be transferred from short to 

long-term memory, consolidated via rehearsal; and retrieved 

periodically for comparison. Therefore, disruption in any 

of the three mechanisms will affect long-term memory. If 

long-term memory is affected, learning is also affected 

because learning is the process whereby an individual's 

behavior is modified as a result of experiences that were 

stored and retrieved from long-term memory. 

Impact of ESRD 

Uremia is a descriptive term that represents a syndrome 

of renal failure including the accumulation of waste 

products, electrolyte abnormalities, and hormonal changes 
I 

(Huether, 1994). The accumulated waste products include 

elevations in blood urea nitrogen and creatinine, which are 

accompanied by alterations in cognitive functioning 

(Huether). In a classic review of the neuropsychological 
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effects of renal failure; Marshall (1979) noted that uremic . . ' 

individuals demonstrate cognitive deficits early in the 

progression of uremia. The deficits, characterized by a 

decreased attention span and an inability to concentrate, 

were noted in individuals when BUN levels were greater than 

60mg/100ml. 

The overall presentation of the cognitive impairment in 

individuals with ESRD is a generalized, diffuse impairment 

of neural function (Biasioli et al., 1986). However, 

changes in the structure of the brain or nervous system have 

not been noted. In addition, the attention and memory 

impairments noted in individuals with ESRD do not normalize 

with chronic dialysis therapy (Nissenson, 1989). The 

impaired cognitive function is thought to be due primarily 

to the inability of the kidneys to excrete metabolic wastes 

and excess electrolytes (Fraser & Arieff, 1997). However, 

disturbances of other functions that develop secondary to 

uremia, such as anemia or phosphate retention, may also be 

important (Fraser & Arieff; Tarter, Edwards, & Van Thiel, 

1988). 

Electrolytes. The primary electrolytes affected by 

uremia and hemodialysis include potassium, sodium, 

phosphate, and calcium (Keen, Lancaster, & Binkley, 1995). 

During a hemodialysis treatment, sodium and potassium levels 

change and are individually adjusted or mod~lled to effect 

changes in the electrolytes without negative effects on the 
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cardiovascular system (Levin, Kupin, Zasuwa, & Venkat, 

1990). Potassium levels are especially changed from pre to 

post dialysis and early in the dialysis treatment when the 

concentration gradient that favors the removal of potassium 

is ·greatest (Keen et al.). 

Sodium is also removed, but often more slowly than 

potassium (Daugirdas & Ing, 1994). The amount of sodium in 

the_dialysate is similar to the normal extracellular levels 

of sodium. As a result, sodium is removed slowly due to a 

weaker concentration gradient. The net amount of sodium 

removed is sufficient to return the plasma to normal levels, 

but gradually enough to avoid rapid changes in sodium levels 

that could lead to hypotension (Daugirdas & Ing). 

Fraser and Arieff (1997) noted that although the 

biochemical abnormalities associated with uremia have been 

described, the mechanism of how the abnormalities affect the 

CNS has not yet been revealed. In addition, the mechanism 

of how dialysis may affect the CNS is also unclear. 

However, some theoretical possibilities may be suggested 

from the information available. 

Any disease state that changes the availability or 

speed of the chemicals involved in action potentials could 

result in decreased efficiency or malfunction of the nerve 

impulses needed for learning (Bower & Hilgard, 1981). As 

mentioned previously, sodium .and potassium are the· primary 

chemicals needed for the depolarization and repolarization 
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process that create action potentials. Prior to a 

hemodialysis treatment, the imbalances of sodium and 

potassium could be significant enough to alter either the 

generation or conduction of action potentials (Fraser & 

Arieff, 1997). Early in the dialysis treatment, 

normalization of sodium and potassium begins due to the loss 

' of the electrolytes through movement into the dialysate 

(Daugirdas & Ing, 1994), but may be insufficient or too slow 

to demonstrate improved action potential function. By the 

end of the dialysis treatment session, electrolytes are at 

the lowest point for the individual and could result in 

improved neurochemical function to support attention and 

therefore learning. 

Phosphate and calcium are two other electrolytes 

affected by ESRD. In renal failure, phosphate accumulates 

due to failed excretion, and calcium decreases as a result 

of impaired absorption. Therefore, phosphate may be 

plentiful for the intracellular .energy functions that 

support directed attention and provide the necessary energy 

to overcome distraction. However, elevated phosphate levels 

may lead to calcium phosphate deposits in the brain 

(Lancaster, 1995), which may alter cognitive function. In 

addition, the elevated phosphate level in individuals with 

ESRD is accompanied by a low calcium level. As a result, 

insufficient calcium may be available for efficient nerve 

impulse transmission along the neurons and have negative 
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effects on attention and memory (Fraser & Arieff, 1997). 

Dialysis does not effect a rapid change in either the 

phosphate or calcium levels (Lancaster), and the net effects 

(if any) of elevated phosphate and decreased calcium on 

cognitive function are not known. 

Aluminum. Perhaps the best known substance implicated 

in impaired cognitive function of individuals with ESRD is 

aluminum. Like potassium and phosphate, excess aluminum 

collects in the serum due to the failed excretory functions 

of the kidneys. Elevated serum aluminum levels and.aluminum 

deposits in the brain were found in individuals with 

dialysis dementia, a diffuse encephalopathy characterized in 

the early stages by poor attention and impaired memory (Hart 

& Kreutzer, 1988). However, although aluminum was strongly 

implicated as a factor in the dementia, not all individuals 

with elevated aluminum levels exhibit symptoms of dialysis 

dementia. Also, many individuals with ESRD who exhibit 

impaired cognitive function have aluminum levels within 

normal limits (Lazarus & Hakim, 1991). Exactly how excess 

aluminum alters CNS function is unclear. The presence of 

the metal may inhibit dihydropteridine reductase, an enzyme 

necessary for maintaining normal concentrations of 

tetrahydrobiopterin, a substance required for 

neurotransmitter synthesis (Bolla, Milstien, Briefel, 

Wieler, & Kaufman, 1991; Lazarus & Hakim). 
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Approximately 9·0% of the aluminum in the blood is 

protein bound. As a result, aluminum is poorly removed by 

dialysis and does not vary with each dialysis treatment 

(Daugirdas & Ing, 1994). Therefore, any effect of aluminum 

on attention and· memory would seem to be a. constant factor. 

An elevated aluminum may affect attention and memory through 

the neuron synapse conduction pathways and represent a 

baseline effect that dialysis would not alter. Additional 

study into the potential cognitive effects of aluminum is 

needed. 

Anemia. Virtually all individuals with ESRD are anemic 

due to the inability of the kidneys to produce 

erythropoietin, the primary hormone responsible for red 

blood cell synthesis. Uncorrected, the anemia of ESRD is 

profound, with a hematocrit of 20-25% (normal 35-45%) 

(Lancaster, '1995). The potential effect of anemia on 

cognitive function may be related to the general fatigue and 

lethargy associated with anemia or to specific functional 

impairments. Brain cells are unable to store nutrients or 

energy. Therefore, the brain is dependent on the delivery 

of oxygen and other nutrients for efficient function (Levy, 

1991; Tarter et al., 1988). Optimal brain oxygenation 

occurs at a hematocrit of about 33% and decreases sharply at 

lower levels (Marsh et al., 1991). Lower levels of 

hematocrit may impair a number of the brain metabolic 

functions needed for attention and memory. In the anemia of 
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ESRD, the ability of the red blood cells to carry oxygen to 

the brain cells is diminished. As a result, cellular 

metabolism may be diminished, leading to impaired function. 

If intracellular metabolism is decreased, the energy and 

activity needed for CNS function (such as attention and 

memory) may be diminished (Fraser & Arieff, 1997). 

In present practice, the anemia of ESRD is treated with 

recombinant erythropoietin, resulting in a stabilized 

hematocrit of 30-33% (Lancaster, 1995). Nissenson (1989, 

1996) argued that the improvement of anemia would result in 
' 

improved cognitive function due to increased transport of 

oxygen and nutrients to the brain cells. Anemia as a single 

or primary causative factor in impaired cognitive function 

has not been established. In addition, the improvement of 

anemia through erythropoietin therapy has not been clearly 

shown to return attention and memory to normal. 

Urea and creatinine. Neurotransmitters can be affected 

by endogenous or exogenous toxins which can modify their 

function or block their attachment to receptors (Ozuna, 

1992). Urea nitrogen and creatinine are metabolic wastes 

and may act as endogenous toxins that inhibit action 

potential generation or alter the activity of 

neurotransmitters. BUN and creatinine are highest at the 

beginning of dialysis and decrease during the treatment 

(Depner, 1994). Although BUN and creatinine do not return 

to normal, the change in the levels may be sufficient enough 
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to allow more efficient neurotransmitter or action potential 

function. 

Impact of dialysis treatment 

During a hemodialysis treatment, substances (solutes) 

move across the dialysis membrane because of concentration 

differences between the blood and dialysate (Lazarus, 

Denker, & Owen, 1996). Although other factors, including 

characteristics of the dialysis membrane and dialysate 

affect the movement of substances, the concentration 

gradient is the most important force for solute removal 

(Lazarus et al.). The removal of solutes during a 

hemodialysis session can be estimated by ~easuring urea 

(BUN) concentrations as a marker for uremic waste products 

(Depner, 1994; Miles & Friedman, 1997). 

Before a dialysis treatment, the BUN is at the highest 

level for the individual because of the accumulation of 

waste products since the end of the last treatment session 

(Depner, 1994). As a result, a concentration gradient that 

favors the removal of urea (and other uremic substances) 

during dialysis is created. The rate of urea removal is 

directly proportional to the urea concentration, therefore, 

removal is more rapid in the first hour and a half of the 

treatment session (Depner). The absolute removal rate of 

urea during dialysis slows as the BUN decreases, although 

solute removal continues throughout the dialysis treatment 

(Depner; Lazarus et al., 1996). At the end of the session, 
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the BUN is at the lowest measurable level. However, urea 

continues to equilibrate and moves from the intracellular 

into the extracellular space for 30 to 60 minutes after the 

end of a dialysis treatment (Lazarus et al.). As a result, 

immediate post dialysis BUN levels may underestimate the BUN 

actually achieved by the dialysis treatment by 10 - 15% 

(Depner). 

An additional consideration in the impact of a dialysis 

treatment on cognitive function is the blood-brain barrier. 

In order to function effectively, the brain achieves a 

stable environment through the blood-brain and blood

cerebrospinal (CSF) barriers (Campbell & Clochesy, 1996). 

The barriers protect the brain by selective permeability, 

allowing some substances (such as oxygen, carbon dioxide, 

and glucose) to enter and exit the CSF and cerebral blood 

system easily (Campbell & Clochesy). The barriers also 

protect the brain by delaying or hampering permeability of 

other substances. The barrier controls substances leaving 

the cerebral circulation and is important because the CSF 

assists in the removal of metabolic wastes for the CNS 

(Campbell & Clochesy). 

In uremia, metabolic wastes accumulate in the CSF and 

diffuse slowly into the general circulation (Fraser & 

Arieff, 1997). Although a lower serum BUN may be reached at 

the end of a dialysis treatment session, urea continues to 

move from the intracellular to the extracellular spaces in 
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the CNS just as in the rest of the body's tissues. As a 

result, the serum BUN is not a good indicator of the amount 

of waste products still in the brain cells or the CSF 

(Fraser & Arie££). The amount of time for equilibration of 

urea between the CSF and general circulation was not noted 

in the literature. Although not fully described, it is 

reasonable to suggest that higher levels of waste products 

in the CSF may continue to exert negative effects on 

attention and memory despite low serum waste levels. 

Creatinine and BUN. The probability that elevated 

serum creatinine and urea nitrogen (BUN) play a significant 

role in impaired cognitive function of individuals with ESRD 

historically and currently receives attention (Lazarus & 

Hakim, 1991; Osberg et al., 1982; Teschan et al., 1979). 

Some of the potential effects of creatinine and urea 

nitrogen and their removal by dialysis on attention and 

memory have already been discussed. In addition to the 

potential negative effects on action potential and 

neurotransmitter functions, uremia may modify the transport 

of substances through the blood-brain barrier (Basioli et 

al., 1986). This may lead to negative effects on 

intracellular metabolism of calcium or nutrients within the 

brain (Fraser & Arieff, 1997). To what degree the 

accumulation of creatinine and urea nitrogen is responsible 

for the impaired cognitive function is, like many of the 

substances discussed previously, unclear. It is also 
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unclear whether the decrease in the level of uremia through. 

dialysis is sufficient to result in an immediate improvement 

in cognitive function. 

Metabolic acidosis. Individuals with ESRD exhibit a 

chronic acidosis due to retained metabolic acids and the 

loss of the buffering system of functioning kidneys 

(Lancaster, 1996). In uremic individuals, acidosis is 

indicated by a pre dialysis serum pH of 7.37 - 7.39 and 

corresponding carbon dioxide of less than 22 meq/liter 

(Daugirdas & Ing, 1994). Kiley (1990) noted that the 

failure to regulate the pH of body fluids within the normal 

range affects the distribution and ionization of 

electrolytes. Central nervous system function is impaired 

by acidosis and may result in altered attention and memory 

functioning (Wolcott et al., 1988). During a hemodialysis 

treatment session, metabolic acids, urea and nitrogen, are 

removed and bicarbonate, a buffer, is provided in the 

dialysate. As a result, the individual ends the dialysis 

session with a normal blood pH and carbon dioxide. However, 

while the blood pH and carbon dioxide may'be decreased, the 

CSF fluid may not reflect a similar decrease due to the 

properties of the blood-brain barrier. 

The role of metabolic acidosis in cognitive function 

has not been addressed in the literature. If urea is 

retained, acidosis will occur; when urea is removed, 

acidosis is decreased (Lancaster, 1995). However, while 
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urea removal is an important factor in the correction of 

acidosis, the buffering effect of the hemodialysis treatment 

itself must also be considered. Previous studies have not 

attempted to elicit the contribution of acidosis or the 

relief of acidosis to cognitive function changes in 

individuals on hemodialysis. 

Dialysis adequacy. In general, the purpose of dialysis 

is to remove uremic waste products, re-align serum 

electrolyte levels, and decrease fluid volume overload (Keen 

et al., 1995). Dialysis adequacy is how well the treatment 

accomplishes these tasks for each individual. Several 

sources (Nissenson, 1989; Osberg et al., 1982; Teschan et 

al., 1979) noted that cognitive function improved but did 

not return to normal after the beginning of maintenance 

hemodialysis therapy. The inability to regain normal 

attention and memory function may be due to the negative 

effects of retained wastes or other physiologic mechanisms 

that dialysis cannot completely reverse. 

In current practice, dialysis adequacy is determined by 

monitoring the amount of urea removed from•the plasma during 

a dialysis treatment (Daugirdas & Ing, 1994). If urea 

removal during a dialysis treatment was inadequate, the 

dialysis therapy was not adequate. One method that measures 

dialysis adequacy calculates the ratio of post dialysis to 

pre dialysis urea nitrogen levels. The greater the rate of 

urea reduction, the more adequate the dialysis treatment 
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(Daugirdas & Ing). In current practice, a urea reduction 

rate of 65% is considered the minimum acceptable value for 

dialysis adequacy (Daugirdas & Ing; Lancaster, 1995). A 

second method of measuring urea removal is KT/V. KT/Vis 

related mathemat,ically to the urea reduction rate but also 

includes total body water and dialyzer properties and is 

considered by many to be a more accurate reflection of urea 

removal during dialysis (Daugirdas & Ing). A KT/V of 1.2 is 

considered the minimum value for dialysis adequacy 

(Daugirdas & Ing; Lancaster). Iri general, KT/V and the urea 

reduction rate are linearly related, with a high KT/V 

related to a high reduction rate. Both measures are used in 

practice to determine the effectiveness of the dialysis 

treatment in removing urea from the plasma (dialysis 

adequacy). 

Urea is an indicator of uremic waste products in 

general, including creatinine and metabolic acids (Miles & 

Friedman, 1997). The removal of urea during hemodialysis, 

as measured by KT/V, thus provides an overall view of the 

effectiveness of dialysis in removing waste products. A 

KT/V less than 1.2 indicates that urea removal (and 

therefore other uremic waste products) during the treatment 

is less than desired (Lancaster, 1995). Logically, then, an 

inadequate dialysis treatment would leave more waste 

products in the circulation that could negatively affect 

cognitive function. An adequate dialysis treatment would 
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remove a large amount of the waste products, resulting in 

improved cognitive function. Therefore, attention and 

memory could be improved during the course of or soon after 

a dialysis treatment session. The effect of the adequacy of 

a single or numerous dialysis treatments-on cognitive 

function has not been clearly addressed in the literature. 

Summary 

The symptoms of poor attention and difficulties with 

short and long-term memory reflect a generalized impairment 

of neuron processes that are consistent with processes 

altered by ur~mia (Biasioli et al., 1986). Several 

physiologic alterations that occur with ESRD have been 

suggested as possible determinants of impaired cognitive 

function. Some of the alterations, including anemia and 

phosphate and aluminum retention, are common to all 

individuals on hemodialysis and may reflect constant or more 

consistent influences on cognitive function. Other 

alterations, such as the levels of creatinine, BUN, and 

acidosis change during each hemodialysis treatment session 

and may represent alterations that cause fluctuations in 

cognitive function with each treatment session. There is a 

linear decrease in waste products from the beginning to the 

end of a dialysis session. Therefore, in order to determine 

if cognitive function changes while the individual is on 

dialysis, measurements need to be done before, during, and 

after a treatment. 
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The overall conceptual framework for this study 

emphasized the importance of learning in order to perform 

self-care activities in ESRD. In ESRD, attention and memory 

are altered, jeopardizing the individual's ability to learn 

the knowledge and skills needed to carry out self-care 

actions. Because attention and memory are basic processes, 

a greater understanding of the immediate effects of ESRD and 

hemodialysis is needed. Further, investigations must 

consider how the processes are affected at the times the 

individual is most frequently taught the knowledge and 

skills needed to perform self-care. 

Because of the fundamental relationship of attention 

and memory to other processes needed for learning and self

care, the focus of this study was on attention and memory 

functions. In addition, the focus of the study was on the 

effect of a single dialysis treatment on cognitive function. 

Therefore, the physiologic variables immediately influenced 

by dialysis (BUN, creatinine, acidosis) were investigated to 

provide additional information about the mechanisms that may 

positively or negatively affect cognitive function. 

Research Questions 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with during a dialysis 

treatment? 
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Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis during a dialysis treatment 

as compared with immediately after a dialy~is treatment? 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with immediately after a 

dialysis treatment? 

Are the serum levels of creatinine, BUN, and acidosis 

(as measured by carbon dioxide) predictive of cognitive 

function? 

Definition of Terms 

Cognitive function - Attention and memory., Attention is the 

ability of the individual to direct, focus, and maintain 

concentration on stimuli in the environment for an extended 

period of time (Lovejoy & Minkler, 1986) as measured by the 

Trailmaking Tests A & B (Reitan, 1986). Memory is the 

reception, registration, consolidation, and retrieval of 

sensory information (Boss, 1986) as measured by the Auditory 

Verbal Learning Test (Lezak, 1983). 

End-stage renal disease (ESRD) - The final stage of 

progressive, chronic renal failure, resulting in severe 

impairment of the excretory, regulatory, and hormonal 

functions of the kidneys and requiring rep,lacement therapy 

for continued survival (Richard, 1995). 
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Uremia - A syndrome of renal failure including the 

accumulation of waste products, electrolyt7 imbalances, and 

hormonal changes (Huether, 1994). 

Hemodialysis - A treatment modality for ESRD that removes 

uremic waste products, re-aligns serum electrolyte levels, 

and removes excess fluid (Keen et al., 1999); 

Immediately before a dialysis treatment - ¥ithin 30 minutes 

before the dialysis treatment is initiated. 

During a dialysis treatment,_ Between 60 and 90 minutes 
' 

after the dialysis treatment 'is ini tiatid J 
Immediately after a dialysis treatment - Within 30 minutes 

i 

after the dialysis treatment is terminated:. 

Dialysis treatment - A single hemodialysis treatment session 

that lasts 3 to 4 hours and is repeated three times a week. 

Adult individuals - Greater than 18 chronological years of 

age. 

I 
Dialysis adequacy - The removal of uremic waste products by 

hemodialysis, using urea kinetics (KT/V) as an index of 

adequacy (Gotch, 1991). 

Assumptions 

Attention and memory are negatively affected by ESRD 

(Baer, 1995; Fraser & Arieff, 1997). 

Dialysis does not completely reverse·the attention and 

memory deficits of ESRD in all individual~ (Osberg et al., 

1982). 
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Attention and memory are basic cognitive functions and 

provide the essential building blocks for ~igher order 

cognitive functions (Boss, 1986; Lovejoy & Minkler, 1986). 

Because attention is a necessary initial function on 

which other cognitive functions are based, determining an 

individual's attention ability provides information about 

other cognitive functions. 

When attention is decreased, the cognitive functions 

that require attention will also be decreased (Cimprich, 

1992; Lovejoy & Minkler, 1986). 

Attention and memory can be objectively measured (Ginn, 

1975). 

Significance 

Educating individuals with ESRD about the illness and 

therapeutic measures to treat ESRD is an important aspect of 

nephrology nursing practice (Baer, 1995). The goal of 

education is to help the individual learn the knowledge and 

skills needed to provide self-care to maintain health and 

well-being. Despite well planned and executed teaching 

interventions, individuals frequently require repetition and 

reinforcement of the content before learning occurs. The 

need for repetition and reinforcement is ascribed to the 

shortened attention span and difficulties with short-term 

memory noted in individuals with ESRD and individuals with 

ESRD on dialysis (Baer; Jacobsen & McNatt, 1987; Lazarus & 

Hakim, 1991). 
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learning must be considered when individuals with ESRD on 

hemodialysis are taught health-related information. 
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Learning involves the acquisition, storage; and retrieval of 

information (Boss, 1986). The ability of !he individual to 

pay attention to and remember the informat~on to be learned 

is necessary for the acquisition of information. Therefore, 

the effects of uremia and dialysis on attention and memory 

may influence the individual's ability to ~earn. 

Nephrology nurses and other health care professionals 

who provide education for individuals with, ESRD on dialysis 

implement teaching interventions when the individual is 

available in the dialysis unit for therapy. Most 

individuals with ESRD come to the hemodialysis unit three 

times a week and are on the dialysis machine for 3 to 4 
' . ' ' ' 

hours each time. The majority ·of teaching interventions are 

carried out while the individual is being dialyzed or the 

short time period immediately before or after the treatment 

session due to the availability of the individual to the 

staff and the lack of other activities for the individual. 

In present practice, the choice of wh~n to teach the 

individual is dictated primarily by the schedules and 

convenience of the dialysis unit staff. The timing of 

teaching interventions is not based on scientific knowledge 
' 

about when the individual is most likely to be able to 

learn. Also, while alternative teaching strategies such as 
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using videotapes and/or written materials to facilitate home 

learning can and do occur, some teaching/l~arning will 

logically still occur in the dialysis unit, There is little 

research-based knowledge to guide the staff in focusing 

education efforts in relation to the time the individual is 
I 

available in the dialysis unit. This study contributed to 
. 

the body of research-based knowledge in patient education, 

providing specific information about wheth~r the cognitive 

function of individuals on hemodialysis varied in 

relationship to the dialysis treatment. Ir addition, the 

findings of this study may guide heal th ca·re professionals 

in implementing education · interventions du:ring the time 

period the pat/ent, is in the dialysis unit. 

Summary 

The cognitive function of individuals with ESRD on 

hemodialysis has been of interest to nephrology care 

providers for many years. Attention and ~emory, the basic 

cognitive functions necessary for-learning,· are cognitive 
' . ,-, 

functions negatively altered by uremia. Although several 

physiologic factors altered by uremia, and even the dialysis 

therapy itself, have been implicated in having a role in the 

decreased cognitive function of individuals with ESRD on 

hemodialysis, a clear physiologic explana1:=ion for impaired 

attention and memory has not emerged. 

Individuals with ESRD need to learn ?pecific knowledge 

and skills that allow the individual to manage their chronic 
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illness and maintain health and well-being. The importance 

of helping individuals with ESRD learn health-related 

knowledge and skills is widely supported in the nephrology 

literature. The literature suggests specific teaching 

strategies aimed at overcoming the negative effects of 

uremia on cognitive function but provides little guidance 

about when to implement the strategies. I~dividuals with 

ESRD on hemodialysis are available to health care 

professionals three times a week for 3 to 4 hours each time. 

' Understandably, teaching interventions are.carried out when 
I 

the individual is available to the staff in the dialysis 

unit. However, the scientific knowledge base does not 

provide information about whether the indifidual is more 

likely to benefit from the interventions at different points 

in time during the 3 to 4 hours the individual is available 

for teaching in unit. Knowing whether an individual's 

cognitive function changes from immediate!¥ before versus 

during versus immediately after a hemodialysis treatment may 

help health care professionals in dialysi~ units carry out 

teaching interventions at a time the indiv;idual is most 

likely to benefit from the instruction. This study sought 

to clarify whether attention and memory of individuals with 
' -

, ,· 
ESRD on hemodialysis was different· during 'the three time 

frames most commonly used by the dialysis 'unit staff for 

teaching interventions. 



Chapter 3 

Literature Review 

' , .. 

The research literature addressing co~nitive function 

in individuals with uremia encompasses approximately 30 

years. In a rare review .of the research literature, Osberg 

et al. (1982) summarized the studies publi~l:J.ed prior to 1980· 

on intellectual functioning in individuals:with renal 

failure and on dialysis. The majority of the early research 

focused on the general intelligence, memor}, and attention 

of non-dialyzed uremic individuals and found deficits in all 

three areas. Researchers used standardized tests to measure 

the cognitive functions of interest. Intelligence was most 

frequently assessed using the Wechsler Adult Intelligence 

Scale. Memory was assessed using the Weschler Memory Scale, 
I 

the Continuous Memory Task, or the Auditory Word Recognition 

Task. Attention tests included the Choice; Reaction Time 
' 

Test, the Critical Reaction Time Test, and the Continuous 
I 

Performance Test. Osber~ et. ~l. did not include an analysis 

of reliability and'validity issues of the ;various studies in 

the review. Studies that investigated the effect of 

dialysis therapy noted improvement but not a return to 

normal in memory and atten:tion after the ihi tiation of 

dialysis therapy. 

40 



41 

Numerous changes in ESRD treatment approaches and 

technology have occurred since the early research on 

cognitive function was conducted. For example, individuals 

begin maintenance hemodialysis therapy earlier in the course 

of uremia, patient selection criteria for ~ialysis are much 

less strict, dialysis treatment sessions are shorter, anemia 

is less severe, and dialysis machines are more efficient. 

These and other factors related to ESRD therapy have a 

potential impact on the findings obtained in cognitive 

function research. As a result, comparing early and more 

recent research findings is difficult and potentially 

misleading. Therefore, the focus of this research 

literature review is on the more recent studies, especially 

in the last fifteen years. The research conducted after 

1980 was generally clustered into two time frames - the 

early 1980s (1980 - 1983) and early 1990s (1988 - 1992). 

There were no studies identified in the literature after 

1992 that addressed cognitive function in individuals on 

hemodialysis. 

While the studies discussed do not include all of the 

research on the cognitive function of individuals with ESRD 

on hemodialysis, the studies are representative of the 

current state of the research-based knowledge. Many of the 

studies investigated overall cognitive function and were 

limited in the physiologic variables included. In general, 

the recent studies addressed the effects of three 
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physiologic variables on cognitive function: the effects of 

aluminum, the improvement of anemia by erythropoietin, and 

the impact of dialysis therapy. All of the studies included 

in the review of the literature are related to the effects 

of ESRD and dialysis therapy on cognitive function. The 

review of the literature is organized according to the 

effects of the three physiologic variables noted previously 

and identified in the purposes of the studies. 

Aluminum 

Only one study explored the specific effects of 

aluminum on attention and/or memory function. Rosati, 

DeBastiani, Gilli, & Paolino (1980) conducted a study to 

explore the relationship between high serum aluminum induced 

by oral aluminum therapy and cognitive function. Subjects 

included 9 hemodialysis patients with an average age of 58.1 

years (lill. 9.9 years) with aluminum levels above 75 

micrograms/liter (mcg/L), and 11 hemodialysis patients with 

an average age of 52.8 years (lill. 11.3 years) with aluminum 

levels less than 17 mcg/L, and 44 normal subjects. The 

dialysis patients had an average education level of 5 years 

in both groups (the study was conducted in Italy), and 

included 3 males and 6 females in the high aluminum group 

and 7 males and 4 females in the low aluminum group. The 

high aluminum group had been on dialysis an average of 37.6 

months while the low aluminum group had been on dialysis an 

average 20.6 months. All dialysis patients were routinely 
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dialyzed using deionized water to assure that elevated serum 

aluminum was due to oral therapy. Data were collected on 

the hemodialysis patients 18 to 24 hours after a dialysis 

treatment session. Cognitive function was measured using 

the Wechsler Adult Intelligence Scale (WAIS), the Wechsler 

Memory Scale, the Block Tapping Test, the Modified Verbal 

Fluency Test, the Stroop Test and the Purdue Pegboard Test. 

The cognitive functions assessed by the tests included 

measures of intelligence, memory, and manual dexterity 

(Pegboard Test). The researchers did not provide 

information concerning cultural relevance of reliability and 

validity data for any of the research instruments used in 

the study, a potential weakness of the study. 

Results indicated that there was no significant 

difference in cognitive function among any of the groups. 

The researchers concluded that high serum aluminum levels 

induced by oral aluminum therapy did not lead to changes in 

cognitive function. In addition, the researchers suggested 

that serum aluminum may not accurately reflect aluminum 

levels within the central nervous system (CNS). Although 

the serum level is elevated, CNS levels may actually be 

lower, and, therefore, cognitive function would not seem to 

be affected by elevated ~luminum. 

Conclusions were difficult to draw from the study due 

to the small sample size of both dialysis groups and the 

variability within the dialysis groups related to duration 
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on dialysis and age. Although there was no significant 

difference among the study groups in terms of age, 

education, and duration on dialysis, the within group 

variability may have made individual differences in 

cognitive function more difficult to detect. Despite the 

small sample sizes, the finding that the cognitive·function 

of the individuals on hemodialysis did not differ from the 

normal comparison group was interesting. Unfortunately, the 

researchers did not discuss this finding. However, it 

raised questions regarding the potentially positive effect 

of dialysis therapy on cognition in general. 

A study by Sprague et al. (1988) examined the effect of 

a positive deferoxamine infusion test (DIT) on cognitive 

function in hemodialysis and peritoneal dialysis patients. 

A positive OIT indicates an elevated total aluminum body 

burden and is considered more accurate than a serum aluminum 

level. The study sample included 10 hemodialysis and 6 

peritoneal dialysis patients. Cognitive,function was 

evaluated prior to the DIT using tests of dementia, memory, 

and language. Dementia was assessed using the Mini-Mental 

State Exam and memory was measured by the Serial Digit 

Learning Test. The Controlled Oral Word Association, Visual 

Naming, and Token Tests were administered to measure 

language functions. Information related to reliability and 

validity of the research instruments was not included in the 

research, resulting in a potential weakness in analyzing the 
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findings of the study accurately. Hemodialysis subjects 

were evaluated on a non-dialysis day; evaluation time for 

peritoneal dialysis subjects was not reported. Serum 

aluminum levels were obtained on all subjects before and 24 

to 48 hours after the DIT. 

Results of the study indicated that the 4 patients with 

a positive DIT showed significant impairment on the memory 

test as compared to both normal values and the 12 patients 

with a negative DIT. The patients with a negative DIT did 

not differ from normal values on the memory test. No 

differences were noted between patients with positive and 

negative DIT on dementia_ o.r language functions. While 

patients with a positive DIT had higher serum aluminum 

levels, blood levels were not correlated with any of the 

cognitive function test results. Patients in the positive 

DIT group included 2 males and 2 females with an average age 

of 51.3 years; patients in the negative DIT group included 9 

males and 3 females with an average age of 53.4 years. 

Also, patients with a positive DIT were·on dialysis an 

average of 4 years longer (9.8 years) than patients with a 

negative DIT (5.7 years). Although specific correlation 

results were not included, the investigators indicated that 

there was no significant correlation between gender, age, 

method of dialysis, or years on dialysis and cognitive 

function results. 
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Conclusions were difficult to draw due to the small 

sample size and the possible confounding effect of length of 

time on dialysis therapy. However, the normal memory 

function in the negative DIT patients despite over 5 years 

on dialysis was an interesting finding and suggested that 

cognitive function did not decline as a r~sult of long term 

dialysis therapy. Thus, serum aluminum may not adequately 

reflect total body burden of aluminum. In addition, 

aluminum cannot be ruled out as a possible factor in the 

memory dysfunction of patients on dialysis. The finding of 

normal memory function in patients on long term dialysis 

therapy needs to be supported by additional research with a 

larger sample. Additional research into the specific role 

of aluminum and a method of measuring aluminum more 

accurately is needed. 

The purpose of a study conducted by Bolla et al. (1991) 

was to determine if the activity of dihydropteridine 

reductase (DHPR), an enzyme important to neurotransmitter 

formation and activity, was affected by elevated serum 

aluminum levels. A decreased activity of DHPR due to high 

levels of aluminum has been suggested as a possible cause of 

aluminum-related cognitive dysfunction. The study included 

10 patients on hemodialysis, 7 patients on peritoneal 

dialysis, and 4 patients with ESRD not yet on maintenance 

dialysis. The total sample included 11 males and 10 females 

29 to 72 years of age (average 51 years). Years on dialysis 



ranged from 1 to 15 years. Following determination of 

baseline aluminum and DHPR activity, subjects were given 

intravenous deferoxamine, an aluminum chelating agent. 
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Blood was drawn again 48 hours after the deferoxamine was 

given. The tests of attention and psychomotor skills were 

completed before and 24 to 36 hours after the deferoxamine 

was administered. Hemodialysis patients were tested 24 to 

36 hours after a treatment session. Attention tests 

included the Digit Symbol and Trailmaking Tests A and B; the 

Simple Visual Reaction Time Test assessed psychomotor 

skills. Reliability and validity data for the tests were 

not discussed. 

Results of the study indicated that although serum 

aluminum levels decreased significantly following 

deferoxamine administration, there was no relationship 

between DHPR activity and aluminum levels before or. after 

deferoxamine. In addition, DHPR activity was not associated 

with performance on the attention or psychomotor skills 

tests. Relationships of DHPR activity with age, gender, and 

dialysis were not reported. .As with the studies described 

previously, the small sample size and variability in subject 

age and length of time on dialysis limited conclusions that 

can be drawn from this study. Unfortunately, the 

investigators did not report the findings of the 

relationships between aluminum levels· and the cognitive 

function test results or whether cognitive function was 



altered. Therefore, the relationship between cognitive 
' I 

function and elevated serum aluminum remained unclear. 

The three previously discussed studies reflect the 

uncertainty regarding the effect of aluminum on cognitive 

function. Aluminum is not removed during:a dialysis 
I 
I 
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treatment and accumulates unless ingestion is limited or it 
! 

is removed through chelation therapy. Th~refore, if 

aluminum affects cognitive function, the effect would be 

constant rather than episodic as might be'anticipated with 

rising and falling electrolyte or uremic waste levels. 

Although serum levels may not completely reflect CNS burden 
' 

of aluminum, as noted earlier, higher serum levels tended to 
' 

be present in individuals with an elevated body burden of 

' aluminum. Weaknesses of all three studies included small 
l 
' sample sizes and wide variability of subj~ct ages and length 

of time on hemodialysis. · Also, while study-methods were . . ~ 

strengthened by,,the_ use of standardized irstr_uments to 
. . . -

eval~ate cognitive function, the lack of any discussion of 
I 

reliabili-ty and validity _of the • tools was a weakness of all 

of the studies. 

This study controlled f~r th~ level pf aluminum in the 
' 

subject population in order 'to decrease the possibility that 

elevated serum aluminum levels may be a confounding factor 
' 

in assessing cognitive function. In addi~ion, the sample in 

this study was limited to individuals on aialysis 6 to 18 

months. Therefore, the potential for a high body burden in 
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this study sample is relatively low, especially in light of 

current treatment practices that limit oral and dialysate 

water aluminum. Finally, this study used standardized tests 

of known reliability and validity to measure cognitive 

function. 

Correction of Anemia 

The effects of correcting anemia through erythropoietin 

therapy (HuEPO) on cognitive function was.the focus of a 

study by Wolcott, Marsh, LaRue, Carr, and Nissenson (1989). 

The study sample included 7 males and 8 females with a mean 

age of 43.9 years (range 22-66 years) and a mean education 

level of 15.7 years (range 12-18 years). Of the 15 

subjects, 11 were white, 1 was Black, and 1 was Hispanic; 

length of time on hemodialysis was an average 103 months 

(range 40 to 221 months). The subjects completed a battery 

of six cognitive function tests before the beginning of 

HuEPO therapy (mean hematocrit 22.8%), one month after the 

hematocrit stabilized at normal levels (mean 36.1%), and 10 

to 15 months after therapy started (mean hematocrit 34%). 

The battery of tests included standardized measures that 

require flexibility of thinking, attention, memory, and 

learning. Specific tests used were: Number Cancellation 

Protocol, Trailmaking Tests A and B, Controlled Oral Word 

Association, Symbol-Digit Modalities, Auditory Verbal 

Learning, and the arithmetic and block design subtests of 

the Revised Wechsler Adult Intelligence Scale. The 
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researchers did not include reliability and validity data 

for any of the study measures. Blood chemistry and 

psychological data were also collected at each of the three 

data points. Cognitive function data were collected about 

24 hours after a dialysis treatment. Blood for chemistry 

(including BUN, creatinine, electrolytes, and carbon 

dioxide) was obtained pre-dialysis the day before cognitive 

function was assessed. 

Results indicated that most subjects scored within 

normal limits on the cognitive function tests before and 

after HuEPO therapy. The data also indicated a progressive 

but non-significant improvement in cognitive function over 

the three time periods. Limitations in evaluating the 

results of the study include unknown reliability and 

validity of the cognitive function tests and small sample 

size. Despite these limitations, the findings of normal 

cognitive function in this study sample are important to 

note. Hematocrit was the only physiologic parameter that 

changed significantly over the study time period. While the 

results supported the theory that anemia may contribute to 

decreased ~ognitive function, it is difficult to conclude 

that anemia plays a major role in the diminished cognitive 

function seen in many uremic patients. It is possible that 

the sample size was too small to detect changes in cognitive 

function. In addition the potential contributions of 

dialysis adequacy and stable electrolyte and uremic waste 



levels to cognitive function were not explored as possible 
' 
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confounding factors in the normal function noted. Finally, 

cognitiv~ function was evaluated 24 hours after a dialysis 

treatment when many patients subjectively indicate clearer 

mental functioning. However, cognitive function 24 hours 

after a hemodialysis treatment session does not provide 

specific information about cognitive function before and 

during the dialysis treatment. In addition, many of the 

biochemical parameters are significantly reduced following 

dialysis and may further change 24 hours after the treatment 

due to intracellular and extracellular equilibration. 

Therefore, the role of physiologic variables ·that are 

changed during dialysis remains unclear. 

Another study conducted by the same group of 

researchers (Marsh et al., 1991) further investigated the 

effect of relieving anemia on cognitive function of 

hemodialysis patients. The cognitive function of 24 

patients on hemodialysis an average of 75 months was 

evaluated before HuEPO therapy and again 3 and 12 months 

after therapy was initiated. The sample consisted of 12 

males and 12 females with an average age of 46.8 (+16) 

years. Cognitive function was evaluated 24 hours after a 

dialysis treatment. The cognitive function tests included 

Trailmaking Test B (attention), Symbol Digit Modalities Test 

(memory), Controlled Oral Word Association Test (verbal 

fluency), and the Auditory Verbal Learning Test (memory). 
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Auditory evoked potentials, a non-invasiv~ brain 

electrophysiology study that provides an index of cognitive 

functions related to attention and inform?tion processing 

were also assessed. Reliability and validity of the 

cognitive function tests were not discussed by the authors. 
I 

Blood for BUN, creatinine, and aluminum-analysis was drawn 
' ' immediately preceding the cognitive function assessments. 

Although 24 subjects began the study, only 14 completed data 

collection at all three times of the study. No data were 

presented that compared the subjects tha~ completed the 

entire study with those that did not complete the study. 

' Results indicated that hematocrit levels increased 

significantly (g <.05) after 3 months on'HuEPO therapy and 

remained stable at 12 months. BUN and creatinine decreased 

significantly after 12 months on HuEPO; aluminum increased 
I 

significantly. Cognitive function and eyoked potential test 

results showed that subjects began the study with mildly 

impaired function and improved significantly (g <.05) on the 

attention task (Trailmaking Test B) and one memory measure 
' ' (Symbol Digit). A non-significant pattern of improvement in 

the other memory and learning tests (Auditory Verbal 

Learning and Controlled Oral Word Association) occurred with 
t 

improved hematocrit levels. The researchers suggested that 

improvement in the Trailmaking and Symbo~ Digi~ results may 

have occurred because these tests showed' the 'largest amount 

' of impairment before EPO therapy. 
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Unfortunately, confounding factors that may also have 

yielded improved cognitive function results were not 

investigated. The potential effect of the significant 

decrease in BUN and creatinine and increase in aluminum at 

12 months was not explored. The possibility that subject 

fatigue due to the lengthy cognitive function assessments 

may have affected results was also not addressed. In 

addition, given the significant subject mortality in the 

study, the question of whether the final sample was biased 

must be raised. Like the previous study, these data 

suggested that anemia plays a role in diminished cognitive 

function. However, unlike the previous study, pre-treatment 

cognitive function was not within normal'limits and other 

physiologic variables changed significantly. As a result, 

the magnitude of the effect of improved anemia on cognitive 

function remains unknown. 

A study conducted by Grimm et al. (1990) studied the 

effects· of improving anemia on brain function using auditory 

' evoked potentials and the Trailmaking Test A to measure 

' attention. Fifteen patients with an average age of 51.5 

years (range 26-70 years) on hemodialysis an average of 3 
.:,, -

years were studied before and after HuEPO therapy was 
. . 

initiated. The·study sample included 8 males and 7 females. 
' 1 . 

Similar data were collected at two different tim~s from 6 ., ·, 
patients ·(4 males, 2 females) •with an average age of 48.8 

years on hemodialysis an average of 6 mo_nths but not on 
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HuEPO, and 50 healthy subjects. It was difficult to clearly 

determine the characteristics of the healthy subjects from 

the research report. Attention testing using Trailmaking 

Test A and evoked potentials were completed 24 hours after a 

hemodialysis treatment session. The specific length of time 

between the two data collection points was not identified, 

but duration of the study in each patient was limited to 6 

months. BUN and creatinine were obtained pre dialysis. 

Results indicated that evoked potentials improved with 

HuEPO therapy, suggesting better information processing. 

There was a small but not significant improvement in 

attention. Attention scores were unchanged in the small 

group of hemodialysis patients not on HuEPO therapy. 

Although the results indicated a small improvement in 

attention in the treated group, the investigators did not 

clarify whether results were significantly different from 

control subjects. Also, reliability and validity of the 

Trailmaking Test were not discussed. Again, this study 

supported the theory that the defiqits in the cognitive 

function of patients on hemodialysis may at least partially 

be due to anemia. However, the small sample size limits the 

generalizability of the findings. Also, while physiologic 

factors other than hemoglobin failed to produce significant 

correlations with attention results, it is difficult to rule 

out the contribution of other factors to improved cognitive 

function. 



Temple, Langan, Deary, and Winney (1992) also 

investigated the effect of HuEPO therapy,on cognitive 

function in hemodialysis patients. The study compared the 
I 

cognitive function of 9 hemodialysis patients receiving 
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HuEPO with a control group of 9 anemic hemodialysis patients 

not receiving HuEPO. Subjects were matc~ed according to age 

(average 55 vs 56 years), years of secondary education (5,1 

vs 5.8 years), and social class (Class 4; level not 

explained) but were not randomly assigned to groups. 

Patients in the HuEPO group were on dialysis an average of 

13 months longer (42 months) than the control group subjects 

(29 months). Tests of cognitive function were administered 

over a 90 minute time period immediately'prior to a dialysis 

treatment at two times during the study. Cognitive function 

was tested using the Weschler Adult Intelligence Scale, the 

Borkowski Verbal Fluency Test, _the Auditory Verbal Learning . . ' .: . 

Test . ( AVLT), ·, and the Paced Auditory Serial Addi:tion Test. . ' . 

All 'of the measures are ~ta~~ar~ized cog~itive function 

tests. The authors did not 'include reliability and validity 

information for the tests. Subj.eats in the treatment group 

completed the.· cog~i tive-: fun~tion~·-. t~sts :~;ior, to the 

beginning of HuEPO therapy and again aboµt 21 weeks after 

therapy when hemoglobin reached 9 g/dl. 'Control group 
' 

subjects were re-assessed about 18 weeks after completion of 

the baseline tests. Serum for BUN, creatinine, aluminum, 

and hemoglobin analysis was drawn at the: times of cognitive 



function measurement. Baseline cognitive function results 

were similar for both groups. 
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Results indicated that current intelligence as measured 

by the Wechsler Adult Intelligence Scale improved 

significantly (n = .04) in the treatment group. However, 

attention and memory, as measured by the Paced Auditory 

Serial Addition Test and AVLT respectively, remained 

unchanged. There were no changes in cognitive functions of 

the control group between the two testing periods. With the 

exception of the significant improvement in hemoglobin in 

the treatment group, serum chemistry and aluminum was 

unchanged in both groups. Therefore, the investigators 

concluded that the improved intelligence scores in the 

treatment group were due to the positive effects of 

reversing anemia. No explanation for the lack of change in 

attention and memory scores was offered. 

While the study provided some support for the theory 

that anemia plays a role in decreased cognitive function, 

the results must be interpreted with caution. The sample 

size was small and may, therefore, not be representative of 

the total population. In addition, the average baseline 

hemoglobin of the treatment group was 1.5 g/dl lower than 

the control group. Therefore, the improved intelligence 

score in the treatment group may have been due to the change 

in the hemoglobin rather than the return to normal. In 

other words, the treatment group may have been so severely 



anemic that improvement even to the control group average 

may have resulted in improved intelligen~e scores. 

Cognitive function assessment at serial points in time 

' 
rather than only pre and post-treatment inay have clarified 
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this issue. Finally, even though the investigators 

identified that intelligence scores improved, they failed to 

' discuss how the baseline or improved scores relate to normal 

scores. A discussion of whether the improved scores 

represent normal function or how baseline scores deviated 

from normal would have been helpful in ipterpreting the 

results. 

In general, results of the studies ~hat·investigated 

the effect of anemia on cognitive function found that as 
' 

anemia improved, so did cognitive function. Limitations of 

all of the studies included small sample'. sizes and highly 

variable lengths of time on dialysis. W~ile samples within 

and across studies did not differ a grea~ deal in the mean 

age of the samples, most studies included wide age ranges. 

Both genders were represented in the studies discussed; 

education and race of the subjects was npt consistently 

included. Also, data were not analyzed by education or age 

' to elicit any possible ~elationships of these variables with 

cognitive function findings.· . 

In all of the ~tudies, the researchers used 
' ,,, 

standardized ·t~sts and reported the purpose of the· ,tools 
. , 

used to measure cognitive function. Wolbott et a:{. : ( 19 8 9 ) 
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and Marsh et al. (1991) noted that the tools used in their 

studies were chosen because the tools were known to 

demonstrate defici;ts in ESRD' patients. 
,, 
However, 

reliability, validity, and data concerning strengths and/or 

weaknesses of the tools were not addressed. 

Confounding factors such as fatigue' due to lengthy 

study protocols, physiologic factors such as BUN and 

creatinine, and quantitative measures of· dialysis adequacy 

were not addressed. In addition, most of the studies 

' completed cognitive function testing aboµt 24 hours after a 

dialysis treatment. Although this may be the "best" 

cognitive time for individuals on hemodialysis, it does not 

provide information about the contribution of improved 

anemia at times the individual is undergoing change in other 

physiologic parameters that may also affect cognitive 

function. This study controlled for the' hematocrit level in 

subject selection so that anemia was not: a potential 

confounding variable in considering the effect of 

hemodialysis treatment on cognitive function. 

Impact of Dialysis Therapy 

Teschan et al. (1979) investigated the effect of the 

degree of renal failure on cognitive function. Data were 

obtained from 132 uremic patients and 45· healthy subjects. 

The patient sample included 70 males, ages 17 to 66 years 

and 62 females, ages 24 to 70 years of unknown education ,, 
' levels. The healthy subjects were 12 to' 65 years of age and 
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included 27 males and 18 females. The patients were divided 

into four unequal groups: lo~ azotemic not on dialysis 
' 

( creatinine 2-10 ~g/dl) ,· high· azotemic n9t on dialysis 
I 

( creatini~e l'0-,29 mg/dl), treated with hkmodialysis, and 
·, 

renal •;transplant. The study took place over several months, 

and some patients contributed data to more than one group 

due to treatment changes. 
. . ' 

Cognitive function data l'lere·collec;ted:from the 
'• . : 

dialysis dependent subjects immediately before a dialysis 

treatment. Tests of cognitive function ,included measures of 

attention (Trailmaking Test and Continuous Performance 

Test), information processing (Answer Recognition Test), 

memory (Auditory Short-Term Memory and Continuous Memory 

Tests), electroencephalogram (EEG), and :electrophysiologic 

evoked response. Although the report alluded to repeated 

measurements in the same subjects at short time intervals, 

when or how the repeated measurements w~re conducted or the 

potential weaknesses in ~sing the tools 'over a short time 

period in each patient group was not clear. Also, non

electrophysiologic data were collected on six cognitive 

function tests at the beginning of the study. However, the 

investigators administered only two tests related to 

information processing and memory to all subjects by the end 
' 

of the study, apparently due to concerns with the 

reliability of the other measures. The·authors reported 

test-retest reliability coefficients for the Choice Reaction 
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Time, Continuous Memory, and Continuous Performance Tests in 

the sample. All coefficients were greater than .50, 

indicating acceptable reliability of the tests. The 

investigators also discussed the validity of the tools, 

supporting construct and content validity. 

Results of cognitive function tests related to 

attention, memory, and inform?tion processing yielded a 

consistent pattern of worsening cognitive function from low 

to high azotemia. The cognitive function test results of 

the hemodialysis group were similar to the low azotemia 

group, indicating that dialysis led to an improvement in 

cognitive function as compared to the high azotemia group. 

Transplanted individuals exhibited cognitive function test 

results that were decreased from normal but less impaired 

than the low azotemia or hemodialysis groups. 

Electrophysiologic data exhibited the same trends. The 

investigators concluded that cognitive function was impaired 

by uremia, that the level of impairment varied directly with 

the degree of uremia, and that hemodialysis therapy resulted 

in improved cognitive function test results without a return 

to normal reference values. 

Despite the age of this study it provided useful 

information about the effect of dialysis on cognitive 

function. Also, the study was one of the few in the· 

literature that discussed the reliability and validity of 

the research tools used to measure cognitive function. The 
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improvement in cognitive function after·hemodialysis 

' 
treatment supported the theory that uremia negatively 

affects attention and niemorf. However, the high azotemia . ' ' 

group consisted of individuals with creatinine levels as 

high as 29 mg/dl, and the low group had creatinine levels up 

to 10 mg/dl. In current practice, individuals with 

creatinine levels consistent with the high azotemia group 

would already be on dialysis. Therefore, the effects of 

dialysis on cognitive function may seem less dramatic in 

comparison. Also due to the age of the study, the relief of 

anemia as a confounding factor was not addressed. In 

addition, because dialysis patients wer~ assessed only pre 

dialysis, the effect of a dialysis treatment could not be 

explored. 

Gilli et al. (1980) studied the relationship between 

intelligence and memory and duration on:dialysis, aluminum, 

and parathyroid hormone levels. The Weschler Adult 

Intelligence and Weschler Adult Memory Scales were 

administered to 42 subjects 24 to 36 hours after a dialysis 

treatment. Despite the standardized nature of both Scales, 

the researcher did not address reliability and validity of 

the Scales in the research report. The 42 subjects were 

divided into 5 groups according to time on dialysis therapy. 

The groups included: prior to the onset of hemodialysis 

therapy (8 patients with mean age 41.8 years), first 6 ... 

months on dialysis ,(10 patients with·mean age 49.5 years), 7 



to 24 months on dialysis (8 patients with mean age 57.8 

years), 25 to 36 months on dialysis (8 patients with mean 

age 58 years), and more than 48 months on dialysis (8 

patients with mean age 44.3 years). 
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Results indicated that there was no difference·among 

the groups in intelligence, and.a general but non

significant trend of worsening function in memory. Memory 

function declined as the length of time on hemodialysis 

increased. In addition, the trend of worsening memory 

function was not consistent from the first through the last 

group, suggesting that additional confounding factors not 

measured affect cognitive function in dialysis patients. 

Serum aluminum and parathyroid hormone levels did not 

correlate with cognitive function. The findings in the 

study seemed to further confuse the issues surrounding the 

long term effects of dialysis on cognitive function. 

However, the sample size in each group may have been too 

small to uncover true differences or identify specific 

trends. Therefore, the specific etiology of worsening 

cognitive function remains unclear. 

A longitudinal study (McKee, Burnett, Raft, Batten, & 

Bain, 1982) over a period of 22 months investigated the 

onset of progressive dialysis encephalopathy by measuring 

cognitive and behavioral functions. Cognitive function was 

measured using standardized tests, including Trailmaking 

Tests A and B, the Weschler Adult Intelligence Scale, Digit 
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Symbol and Span Tests, and the Weschler Memory Scale. 

Although the authors noted that the tests were chosen 

because of their sensitivity to cognitive dysfunction and 

repeatability, data related to reliability and validity of 

the tools were not included. Subjects were separated into 

three groups: Group 1 included 5 individuals who had not 

yet started dialysis; group 2 was comprised of 14 

individuals who had been on hemodialysis an average of 6 

months; group 3 was made up of 15 individuals who had been 

on hemodialysis an average of 4.3 years. The mean age of 

the total sample was 46.4 years, with a mean education level 

of 10 years; age and education was not reported by Group. 

Cognitive function tests were completed every 3 months. The 

tests were administered one hour before the individual 

started a dialysis treatment session. Alternate forms of 

the cognitive tests were used to rule out learning effects 

on the results. The researchers did not include physiologic 

data in the study. 

Results of the study indicated that individuals in 

group 2 showed improvement in cognitive function during the 

time of the study. There were no significant differences in 

cognitive function between group 2 and group 3, indicating 

that longer term maintenance dialysis did not affect 

cognitive function or lead to dialysis encephalopathy. 

Although the sample size in each group was small, the use of 



repeated measures and longitudinal design permitted a 

smaller sample. 
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The lack of physiologic data limited conclusions that 

can be drawn about why cognitive function improved in Group 

2 or remained constant in group 3. Also, although no 

statistical analysis data were presented, the researchers 

stated that groups 2 and 3 did not differ on demographic 

variables including education, age, race, socioeconomic 

status, and length of illne~s that might have explained the 

improvement in Group 2 but not Group 3. Conclusions could 

only be drawn about the effect of dialysis in general on 

cognitive function. The potential effect of a single 

treatment could not be determined because cognitive tests 

were only administered pre dialysis. 

Three groups of subjects were compared in a study to 

determine the effect of dialysis treatment on 

neuropsychological function (Hart, Pederson, Czerwinski, & 

Adams, 1983). Group 1 included 24 subjects (50% male and 

75% white) with an average age of 40.3 years and 12.1 years 

of education who had been on hemodialysis an average of 2.7 

years. Group 2. consisted of 18 nondialyzed uremic subjects 

(61% male and 67% white) with an average age of 43 years and 

12.5 years of education. Group 3 represented the control 

group and included 20 subjects (80% male and 85% white) with 

an average age of 40.5 years and 12.3 years of education 

with a variety of unspecified chronic physical disabilities. 
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There were no significant differences (p<.05) among the 

groups in terms of age or education. All subjects completed 

measures of attention, memory, and visuomotor speed and 

accuracy and the Beck Depression Inventory. The cognitive 

function measures included: Mental Control, Digit Span, 

Logical Memory and Visual Reproduction from the Weschler 

Memory Scale, Trailmaking Tests A and B, Digit Symbol, Digit 

Vigilance Test, Purdue Pegboard Test, and Facial Recognition 

Memory Task. All of the tests in the study were 

standardized tests. The researchers did not discuss 

reliability and validity of the measures. Hemodialysis 

patients were tested on a non-dialysis day; uremic and 

control subjects were tested during a clinic visit or prior 

to hospital discharge. BUN and creatinine were obtained for 

all subjects. 

Results indicated that .the groups differed in cognitive 

function but not depression scores. In general, uremic 

subjects exhibited significant impairment on more cognitive 

functions as compared to dialysis and control subjects. 

Uremic subjects showed impaired memory, attention, and 

visuomotor speed and accuracy. In addition, impairment was 

positively correlated with the degree of uremia. Dialysis 

subjects, on the other hand, were significantly impaired on 

only one test of visuomotor speed. Correlations of dialysis 

subject level of uremia and cognitive function were not 
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possible because blood· was drawn pre dialysis rather than at 

the time of cognitive function testing. 

The results indicated that in general, uremia had a 

negative effect on the cognitive functions needed for 

learning. The results also indicated that the negative 

effects of uremia were relieved by dialysis, at least the 

day after a treatment. The results from the uremic patients 

may be comparable to the pre dialysis measure in the 

proposed study. However, the question of the immediate 

effects of dialysis is still unanswered because cognitive 

function was not measured until the day after treatment. 

Also, the relative contribution of anemia was not included 

and may not have been possible to address due to the 

unavailability of HuEPO to correct anemia in 1983. Finally, 

although it was reasonable to expect that the BUN and 

creatinine of the diaYysis subjects was lower at the time 

cognitive function testing was done relative to the uremic 

patients, data were not available to support the 

expectation. In order to assess the relative contribution 

of the changing physiologic environment due to dialysis to 

cognitive function, the physiologic variables and cognitive 

function must be assessed at the same time. 

In a study conducted in Italy, Gilli and DeBastiani 

(1983) assessed the intellectual function of 54 patients on 

hemodialysis an average of 31 months (range 3 to 96 months) 

using the Wechsler Adult Intelligence and Memory Scales. 
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The researchers noted that the Scales were chosen because of 

good reliability and repeatability. However, data to 

support reliability and validity of the tools were not 

included in the report. The mean age of the patient sample 

was 50.9 years (range 31 - 60 years) and was made up of 17 

males and 37 females with an average education level of 5.8 

years. A separate sample of 21 patients with an average age 

of 51.6 years (range 38 - 59 years) was studied twice using 

the same scales. The 21-patient group represented small 

subsamples of patients ·on hemodialysis a variable amount of 

time. The subsamples were made up of individuals who had 

not yet started maintenance hemodialysis therapy, and 

patients on dialysis 4-9 months, 13-18 months, and 35-46 

months. The Intelligence and Memory Scales were 

administered to all subjects 24 to 36 hours after a dialysis 

treatment session. The 21-patient group subjects were 

retested 12 months after initial testing. 

Results from both samples indicated there were 

significant inverse correlations between memory scale scores 

and months on hemodialysis, and memory and intelligence 

scores and parathyroid hormone levels. However, whether or 

not intelligence actually decreased as a result of the 

elevated parathyroid hormone levels cannot be determined 

because pre-ESRD intelligence scores were not included. 

Hemoglobin, aluminum, creatinine, and BUN did not correlate 

with intelligence or memory function in these samples. 



However, the investigators did not identify when blood for 

analysis was drawn, making it difficult to evaluate this 

finding in relation to cognitive function test results. 
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The investigators concluded that patients on dialysis 

more than 2 years were more likely to exhibit cognitive 

function deficits, especially in functions related to 

memory. Generalizability of the findings was limited due to 

the small number of subjects in each subsample of the 21-

patient group and the wide range of time on dialysis therapy 

in the larger group of subjects. The absence of 

correlations between cognitive function and the physiologic 

variables suspected to negatively affect cognitive function 

certainly did not clarify the etiology of memory impairment 

in hemodialysis patients. Indeed, the findings seemed to 

raise the question of whether cognitive impairment is due to 

the effects of uremia or the cumulative effects of dialysis 

treatment over time. 

Twenty patients on maintenance hemodialysis were 

studied to determine the effects of dialysis on daily 

cognitive and sensory-motor function (Ratner, Adams, Levin, 

& Rourke, 1983). Demographic characteristics of the sample 

included 14 male and six female subjects with a mean age of 

46.5 years (range 25-68 years) and 13.2 years of education 

(range 11-16 years) who had been on hemodialysis an average 

of 39.7 months (range 10-86 months). Subjects completed 14 

cognitive function tests on three consecutive days. The 
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tests included: Benton Visual Retention, Choice Reaction 

Time, Color Naming, Weschler Adult Intelligence Digit Span 

and Digit Symbol, Finger Tapping, Grip Strength, Grooved 

Pegboard, Proverbs, Quick Test, Seashore Rhythm, Speech

Sounds Perception, Trailmaking Tests A and B, and Word 

Association. The researchers stated that the instruments 

were chosen because of standardization, sensitivity to 

neurologic dysfunction, and reliability and validity. 

Specific data to support sensitivity, reliability, and 

validity were not included. Testing was done immediately 

before a mid-week dialysis treatment, about 20 hours after 

the treatment, and immediately before the next treatment. 

Parallel forms of the 14 tests were used whenever available 

to minimize the effect of learning on test performance. 

Blood samples for BUN, creatinine, electrolytes, carbon 

dioxide, and serum amines were drawn at each testing 

session. Unfortunately, hematocrit and aluminum levels were 

not included. 

Results indicated that serum levels of BUN and 

creatinine varied among the three testing times and fell 

within the expected range of dialyzed patients. Results 

also indicated that in general, subjects performed within 

normal limits on a wide variety of the cognitive function 

tests when compared with the standardized normal reference 

values. The measures of complex attention, information 

processing and visual memory were the only cognitive 
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functions that showed significant impairments(~ <.05) at 

all testing times. In addition, decreases in BUN and 

creatinine among the 3 testing times were not consistently 

related to corresponding improvements in cognitive function. 

Study weaknesses included the small sample size and 

high variability in age and time on hemodialysis. Also, 

given the large number of tests completed at one time by the 

subjects in this study, the possibility that subject fatigue 

may have affected some of the findings could not be ruled 

out. Despite these weaknesses, the repeated measures design 

of the study provided information about the effect of a 

single dialysis session over time on cognitive function in 

the same individual. The lack of improved cognitive 

function despite decreased uremic wastes suggested that 

other or additional factors may affect cognitive function in 

individuals on dialysis. 

As part of The National Cooperative Dialysis Study, 

Teschan, Bourne, Reed, and Ward (1983) investigated the 

effect of blood urea nitrogen levels and ~ialysis time on 

electrophysiologic and cognitive function variables. A total 

of 136 subjects were placed into four treatment groups with 

combinations of high and low BUN, and experimentally 

manipulated long and short dialysis times. Neither 

demographic characteristics of the sample nor specific 

definitions of high/low BUN and long/short dialysis were 

described in the research report. Cognitive function was 
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tested monthly prior to a dialysis treatment session using a 

single measure of information processing, the Choice 

Reaction Time Test. Although the authors stated that 

reliability and validity for the tool were met, no specific 

data were reported to support the assertion. The 

researchers found that information processing was slower 

than normal but remained stable throughout the study, with 

no statistically significant effects attributed to the 

amount of dialysis time or BUN levels. One conclusion that 

could be drawn from this study was that uremia alone may 

have minimal effects on information processing. However, 

confounding variables such as anemia, length of time on 

dialysis, or age were not included in the study report. 

In a study to determine the relationship of dialysis 

treatment modality and cognitive function, Wolcott et al. 

(1988) matched 17 subjects on continuous ambulatory 

peritoneal dialysis (CAPO) with 17 subjects on hemodialysis. 

Hemodialysis subjects were.an average age of 50.3 years 

(range 20-73 years) with 12.3 years (range 7-16 years) of 

education and had been on dialysis an average 69.9 months 

(range 7-168 months). The demographic characteristics of 

the CAPO subjects did not differ significantly from those of 

the hemodialysis subjects. Both groups included 11 males 

and 6 females, with 12 whites, 1 Black, and 3 Hispanic 

individuals. Cognitive function was evaluated using the 

Number Cancellation Protocol, Trailmaking Tests A and B, 
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Symbol -Digits Modalities Test, and Auditory Verbal Learning 

Test. The cognitive functions measured included attention, 

visual-perception deficits,,information processing, memory, 

and learning. The researchers did not include information 

related to reliability and validity for the tools. The 

investigators did note that intra-subject performance 

consistency could not be determined in the sample due to 

single administration of the tests. Blood chemistry (BUN, 

creatinine, electrolytes), hematocrit, and liver function 

tests were drawn at the time of cognitive function testing. 

The CAPO subjects were tested during a routine clinic visit; 

hemodialysis subjects were tested from 60 minutes before to-

30 minutes after the dialysis treatment session was started. 

Subjects on CAPD had higher levels of cognitive 

function than did the hemodialysis subjects on all measures 

in the study. Scores for both groups were lower than those 

of established norms. Biochemical correlations were 

variable, with no significant correlation found with BUN in 

either group. Higher serum creatinine, higher calcium, and 

lower carbon dioxide levels were correlated with more 

efficient cognitive function on some, but not all of the 

cognitive function tests in both groups. The correlation of 

higher creatinine with better cognitive function was a 

confusing finding, especially in light of the lack of 

correlation with BUN. In addition, although not reported 

numerically, the researchers stated that all subjects were 
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adequately dialyzed. The time that data were collected from 

the hemodialysis subjects may be a confounding factor in the 

cognitive function results obtained in this group. It is 

possible that the physiologic environment immediately before 

and 30 minutes after the beginning of a treatment may be 

different enough to skew the results. More or less 

impairment might be noted if the times were separated 

between pre-dialysis and after the treatment was begun. 

A comparison of cognitive function among four ESRD 

groups was conducted by Baker et al. (1989). The four 

groups included two groups of subjects on hemodialysis, a 

peritoneal dialysis group, and an undialyzed uremic group. 

The first hemodialysis group was on dialysis more than 5 

years and was comprised of 7 males and 6 females with a mean 

age 45 years. The second hemodialysis group was on dialysis 

less tlha"n 5 years and included 7 males and 5 females with a 

mean age of 44 years. The peritoneal dialysis group 

subjects included 7 males and 2 females with a mean age of 

52 years on dialysis less than 5 years.· Finally, the uremic 

group of subjects with chronic renal failure in whom 

dialysis therapy was imminent consisted of 6 males and 4 

females with a mean age of 47 years. Cognitive function was 

assessed using two tests of reading ability (the National 

Adult Reading Test and the Schonell Graded Word Reading 

Test) and a shortened version of the Wechsler Adult 

Intelligence Scale. Reliability and validity of the tests 
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used were not discussed, a potential weakness of the study. 

The time of cognitive function assessment in relation to 

dialysis treatment session was not identified. Cognitive 

deterioration was determined by the discrepancy between the 

individual's reading ability, a stable meas~re of cognitive 

function, and the overall level of function on the 

Intelligence Scale, a measure of current abilities. 

Biochemical data including aluminum, creatinine, BUN, and 

hemoglobin were collected at an unspecified time. 

Results of the study indicated that 34% of the study 

sample had evidence of deterioration while only 10% of the 

comparison sample of healthy individuals exhibited 

deterioration. Six of the subjects that exhibited 

deterioration were on hemodialysis more than 5 years and 

five were not yet on dialysis. None of the biochemical 

parameters were correlated with the change in cognitive 

function. 

Conclusions about the cognitive function of individuals 

with ESRD were difficult to draw other than the suggestion 

that cognitive deterioration as it relates to reading 

function was more likely to occur in uremic individuals 

prior to the initiation of dialysis treatment and in 

individuals on hemodialysis for long periods of time. These 

findings supported the negative impact of uremia on 

cognitive function and that long term dialysis may result in 

cognitive deterioration. However, given the small sample 
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size per group, generalizability of study results was 

limited. Also, despite the lack of biochemical 

correlations, hemoglobin was significantly lower in the 

short-term dialysis group. Given the small number of 

patients with cognitive deterioration in this group, the 

confounding impact of anemia (or lack of) remains confusing. 

The p~rpose of a study conducted by Veµtura et al. 

(1990) was to determine whether patients on hemodialysis 

exhibited significant intellectual deterioration and whether 

a longer time on hemodialysis resulted in greater 

deterioration. The study sample included 31 patients (52% 

male) with an average age of 51.9 years on hemodialysis an 

average of 1.8 years, 31 patients (48% male) with an average 

age of 48.6 years on hemodialysis an average of 7.7 years, 

and a control group of 33 healthy individuals (28% males) 

with an average age of 50 years. The study was conducted in 

Spain, making education levels difficult to compare with 

United States levels. Education level varied among the 

subjects, but was similar in all three groups, with the 

majority of the subjects having at least a primary 

education. Intellectual deterioration was measured using 

The Wechsler Adult Intelligence Scale. Immediate and short

term memory was assessed using the Benton Visual Retention 

Test. Reliability and validity of the research instruments 

in general, and in the cultural group represented in the 

study were not discussed by the investigators, resulting in 
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a potential weakness of the study. Study tests were 

administere.d to the hemodialysis groups in four separate 30 

minute data collection sessions immediately before a 

hemodialysis treatment session. Control group subjects 

completed the tests in two sessions in their home. 

Results indicated that intelligence scores were 

significantly higher in the control as compared to the 

dialysis groups (g <.001), but that the two dialysis groups 

did not differ significantly. Results of the memory tests 

indicated a significant difference between the control and 

hemodialysis groups in both immediate (R <.05) and short

term memory (g <.001). Patients on hemodialysis longer had 

more errors in immediate memory tasks and in some short-term 

memory functions than did patients on hemodialysis a shorter 

length of time. The investigators concluded that while 

intelligence did not deteriorate with time on dialysis, 

memory functions showed progressive deterioration related to 

the length of time on hemodialysis. Unfortunately, 

physiologic data were not included in this study. 

Physiologic parameters may have been different in the two 

hemodialysis groups, and may have provided more explanatory 

information about the etiology of the differences between 

the hemodialysis patient groups. In addition, the data were 

collected over four different treatment sessions. The 

potential for physiologic variability among the four testing 

times may be a confounding factor in memory test results. 
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The only nursing study identified was reported-by Smith 

and Winslow (1990). The researchers investigated the effect 

of the hemodialysis treatment on the cognitive function of 

29 patients. Tpe subjects ranged in age from 22-75 years 

with a mean of 49 years and had been on hemodialysis an 

average of 6.25 years (range 9 months to 14 years). 

Cognitive function was measured using a test of attention, 

the Number Connection Test (NCT). The authors indicated 

that the NCT is a form of the Trailmaking Test A, and 

described validity of Trailmaking A as the basis of NCT 

validity. The researchers noted that both the Trailmaking 

Test and the NCT are reliable instruments but did not 

provide supporting data. Cognitive function was evaluated 

within one hour prior to a dialysis treatment session and 

between 1 and 2 hours after the treatment was initiated. 

Parallel forms of the NCT were used to minimize the effects 

of learning on results. The pre dialysis measure was 

administered in a small office near the dialysis unit. The 

intradialysis measure was administered in the dialysis unit. 

Blood chemistry results, dialysis time, and dialysis 

adequacy were not reported. 

Results indicated that subjects required a 

significantly longer amount of time to perform the cognitive 

task during the dialysis treatment as compared to before 

dialysis. The researchers concluded that the hemodialysis 

treatment itself explained the poorer test performance 
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during dialysis. However, test performance may also have 

been affected by attention distractions in the hemodialysis 

unit or the difference in the subject's position during 

completion of the intradialysis measure as compared to the 

pre-dialysis measure. 

The findings of the group of studies that investigated 

the effect of dialysis therapy on cognitive function 

represented a somewhat mixed picture. Although some of the 

same research instruments were used across the studies, how 

or why the various instruments were chosen was not 

consistently discussed. The research tools used by all of 

the investigators were standardized tests with available 

reference values from presumably healthy subjects. 

Reliability and validity of the tools were rarely discussed, 

with Smith and Winslow (1990) and Teschan et al. (1979) 

providing notable exceptions. As a result, the reliability 

and validity of tools used must be inferred because the 

tools are standardized and used frequently in the ESRD 

research'to measure various aspects of cognitive function. 

In general, study results supported the positive effect 

of hemodialysis therapy on cognitive function as compared to 

pre-treatment uremia. At the same time, while some studies 

indicated that individuals on hemodialysis for a long period 

of time exhibited worsening cognitive function, other 

studies failed to exhibit negative effects of long-term 

hemodialysis therapy. Perhaps the more interesting issue 
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surrounding this entire group of studies is the inconsistent 

correlation of the biochemical parameters that change with 

hemodialysis and cognitive functions such as attention and 

memory. Further investigation into the potential effects of 

dialysis on cognitive function and the physiologic variables 

that change with dialysis is needed. 

This study measured physiologic variables that change 

during a hemodialysis treatment and that were suspected to 

have an impact on cognitive function. This study also 

controlled for three physiologic variables that could affect 

cognitive function-- serum aluminum level, dialysis 

adequacy, and anemia. By minimizing the possible 

confounding effects of these three variables, physiologic 

changes that occur during a hemodialysis treatment and that 

could affect cognitive function may be elicited. In 

addition, the study evaluated the impact of a single 

hemodialysis treatment in order to clarify the immediate 

effect of dialysis on cognitive function. 

Measurement Tools 

The previous research assessed cognitive function using 

a variety of measurement tools. In most cases, information 

about reliability, validity, strengths, and/or weaknesses in 

the measurement tools was not included in the research 

report. Gilli and QeBastiani (1983) noted that the Wechsler 

Adult Intelligence and Wechsler Memory Scales were used in 

their study because of good reliability and consistency but 
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did not provide supportive data. Similarly, Ratner et al. 

(1983) stated· that the cognitive function tests from the 

Halstead-Reitan Test Battery were chosen because of 

validity, reliability, and sensitivity of the instruments to 

a variety of neurological dysfunctions. Teschan et al. 

(1979) reported construct validity of five attention-related 

tests, describing convergent validity with expected clinical 

changes. Teschan et al. (1979) also reported test-retest 

reliability coefficients in visual evoked response, 

Continuous Memory Test, Continuous Performance Test and 

Choice Reaction Time Test greater than .. 50. In a separate 

study, Teschan et al. (1983) supported the use of the Choice 

Reaction Time as a sensitive test of cognitive function due 

to a low coefficient of variation across repeated measures 

but did not provide specific data. Smith and Winslow (1990) 

noted that the Number Connec"tion Test was a valid and 

reliable form of the Trailmaking Test A. However, they were 

unable to locate test-retest or alternate form reliability 

correlations between the two tests in the literature. As a 

result, reliability and validity was apparently based on the 

similarities between the tests reported by the individual 

who developed the Number Connection Test. 

In general, previous researchers did not specifically 

report objective data related to reliability, validity, or 

population sensitivity for the measurement tools used in the 

studies. Many of the researchers provided information about 
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the constructs or cognitiv~ functions measured by the tools 

chosen and identified how the purpose of the tools matched 

the variable(s) of interest in the study. Decisions about 

tools seemed to be made primarily on the basis of the 

standardized nature of the tools, the stated purpose of the 

tool, and the use of the measure in previ_ous studies with 

ESRD subjects. 

Despite the lack of information provided by the 

researchers, potential weaknesses of the tools used should 

be noted. The Wechsler Adult Intelligence Scale was used in 

several studies and requires at least a 6th grade reading 

ability. However, the congruence between subjects' reading 

ability and the reading level of the tools was not addressed 

or apparently considered. For the cognitive function tests 

that required memory of word lists or scenarios (Wechsler 

Memory, Answer Recognition Test, Auditory Verbal Learning 

Test) there were no data presented to suggest that the words 

or memory tasks contained familiar vocabulary or culturally 

relevant situations that might assist or impede memory. 

Also, the tools used in the previous research were developed 

in the English language. Studies conducted in non-English 

speaking countries (e.g. Ventura et al., 1990 in Spain; 

Gilli et al., 1980 in Italy) did not address how the tools 

were modified or translated into the subject's language.or 

how the tests had been norm referenced in the particular 
l 

country. The Trailmaking and Choice Reaction Time Tests 



82 

were used frequently in the previous research and require 

some degree of psychomotor coordination to perform the 

tasks. However, information in the studies did not identify 

whether subjects were physically capable of the psychomotor 

task, or whether psychomotor task limitations could have 

been a confounding factor ~n cognitive function test 

results. 

Summary 

The overall, _fairly consistent, finding of the previous 

research was that cognitive function in individuals on 

hemodialysis as it relates to attention and memory was 

impaired when compared with normal controls. Some studies 

(McKee et al., 1982; Teschan et al., 1979) indicated that 

cognitive function declined with increasing levels of uremia 

and improved after the initiation of maintenance 

hemodialysis therapy. Other studies (Baker et al., 1989; 

Gilli & DeBastiani, 1983; Gilli et al., 1980; Ventura et 

al., 1990) noted that cognitive function declined the longer 

the individual was treated with maintenance hemodialysis. 

More recent studies that focused on the effect of anemia on 

cognitive function (Grimm et al., 1990; Marsh et al., 1991; 

Wolcott et al., -1989) indicated that improvement in anemia 

led to an improvement in cognitive function. Only one of 

the studies (Smith & Winslow, 1990) compared cognitive 

function at more than one time frame immediate to a 

hemodialysis treatment session. 
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While the findings from the previous research are 

useful, limitations at the studies should. be noted. In many 

of the previous studies, cognitive function was assessed the 

day between regular hemodialysis treatment sessions, a time 

noted to reflect maximum cognitive function (Wolcott et al., 

1989). The previous research sought primarily to identify 

and describe factors that may contribute to decreased or 

improved cognitive function. Testing cognitive function at 

the patient's most positive time was appropriate as long as 

the intent of the study was essentially descriptive and 

sought, as an end-point, to further identify the overall 

treatment or physiologic factors present in uremia that 

affect cognitive function. However, results and conclusions 

drawn from an individual's maximum point of function 24 

hours after a dialysis treatment session may not be useful 

in determining the individual's cognitive function at other 

points in time. There were little data that compared 

cognitive function at different times within a hemodialysis 

treatment session. Thus, while cognitive function may be 

best the day between treatment sessions, cognitive function 

during a treatment session is still largely unknown. In 

addition, the findings related to the correlation of 

physiologic variables and cognitive function results are 

inconsistent and often C?ntradictory. Continued 

clarification of how (or if) dialysis affects cognitive 
' 

function is needed. 
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The study samples in much of the previous research 

represented convenience samples made up of a wide range of 

ages and lengths of time on hemodialysis therapy. In many 

of the studies, the sample included both subjects on 

dialysis a few months and subjects that had been on dialysis 

for several years. Although average ages in many of the 

samples were similar, age ranges of subjects were highly 

variable, with subjects as young as 25 years included in the 

same sample as subjects 50, 60, or even 70 years of age. 

While hemodialysis-dependent individuals do, indeed come 

from a wide variety of age groups and are treated with 

hemodialysis several months to several years, the wide 

variability in the sample may affect overall cognitive 

function results. If cognitive function is at least partly 

age-related, as noted by Cormier (1986), the inclusion of 

subjects over the age of 65 years may represent a 

confounding variable in cogn~tive function deficits. At 

the same time, some of the previous research indicated that 

a longer length of time on maintenance hemodialysis therapy 

was correlated with decreased cognitive function. Again, 

the question of whether the inclusion of subjects on 

dialysis a long period of time may introduce a confounding 

variable in cognitive function deficits must be raised. 

The purpose of the current study was to clarify some of 

the issues surrounding the immediate effects of hemodialysis 

on cognitive function. Cognitive function was assessed in 
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the same individual at three different points in time during 

a dialysis treatment session. Physiologic variables.that 

change during a dialysis treatment were assessed at the same 

times in an attempt to clarify the potential role of changes 

in the internal physiologic environment to cognitive 

function. Other physiologic variables that could exert a 

baseline or ongoing effect on cognitive function, such as 

aluminum, dialysis adequacy, and anemia, were controlled for 

in the sample in order to minimize potential confounding 

variables. In addition, the sample in the study was less 

variable in age and length of time on hemodialysis therapy 

than much of the previous research. Finally, the study 

reflected the current state of dialysis'and ESRD practice. 

This information may be valuable in determining whether or 

not existing treatment protocols meet the purpose of 

hemodialysis therapy related to reversal of the presumed 

negative cognitive effects of uremia. 



Chapter 4 

Methods 

The purpose of this study was to determine if there was 

a difference in the cognitive function of adult individuals 

with ESRD on hemodialysis before, during, and after a 

dialysis treatment session. The study also investigated 

whether urea nitrogen, creatinine, and carbon dioxide 

before, during, and after a dialysis treatment were 

predictive of cognitive function. The study expanded the 

work of Smith and Winslow (1990) by evaluating cognitive 

function at three times during a treatment session. In 

addition, the study built on previous research by employing 

instruments used in earlier studies. The research 

instruments used in this study are standardized, norm

referenced tools with demonstrated reliability and validity. 

Design 

An interrupted time series with non-equivalent 

dependent variables design was used in the study. This 

study incorporated three levels of the independent variable, 

time in relation to dialysis--before, during, and after a 

dialysis treatment session. The dependent variable, 

cognitive function, was measured in every subject using 

86 



three instruments at each of the times in relation to 

dialysis. 

Research Questions 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with during a dialysis 

treatment? 
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Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis during a dialysis treatment 

as compared with immediately after a dialysis treatment? 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with immediately after a 

dialysis treatment? 

Are the serum levels of creatinine, BUN, and acidosis 

(as measured by carbon dioxide) predictive of cognitive 

function? 

Subject Criteria 

The sample included individuals with ESRD on chronic 

hemodialysis therapy. Inclusion criteria were: a) patients 

dialyzed in an out-patient dialysis unit, b) individuals 40-

50 years of age with at least a sixth grade education, 

c) English speaking, d) on chronic hemodialysis 6 to 18 

months, e) receiving hemodialysis treatment three times per 

week, f) dialysis vessel access that did not involve the 

dominant arm, g) hematocrit not <30% for the past month, 
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h) adequately dialyzed as measured by a KT/V not <1.2, i) if 

diabetic, non-Insulin dependent with blood glucose control 

>50 and <150 mg over past month, and j) aluminum <60 

micrograms/1. 

Individuals with Insulin-dependent diabetes, 

uncontrolled hypertension (diastolic blood pressure> 130 mm 

Hg), history of stroke, chronic obstructive pulmonary 

disease, heart attack in the past 12 months, or a diagnosis 

of a psychiatric illness were excluded from the sample. 

These patients were excluded because of the unknown 

potential effects of these conditions on cognitive function. 

Patients with confusion, dementia, organic brain syndrome, 

or mental retardation were also excluded due to the possible 

confounding effects of these conditions on attention and 

memory function. 

A narrow age range of subjects (40-50 years) was used 

in this study to control potential variability in cognitive 

function due to age differences and to permit comparison of 

results with cognitive function test norms. In addition, 

previous research (Davies, 1968; Heaton, 1986; Lindsay & 

Coppinger, 1969) found that performance on the Trailmaking 

Tests tended to decline after 60 years of age. Age-related 

changes in performance on the AVLT were also noted in the 

literature (Geffen, Moar, O'Hanlon, Clark, & Geffen, 1990). 

Although absolute age parameters have not been identified 

for diminishing cognitive function, the age of 65 years is 
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generally considered a critical point for changes in 

cognitive function (Cormier, 1986). 

The sixth grade.education criteria was followed to 

decrease the likelihood that performance on the cognitive 

function measures was affected by basic literacy. Although 

reading was not required for the Trailmaking Tests, basic 

knowledge of the alphabet and numbers was needed. The final 

trial of the AVLT required the subject to read a list of 50 

common one and two syllable words. In order to assure that 

the subject could read at the sixth grade level, potential 

subjects read the third paragraph of the consent form out 

loud during the consent proce9ure. Based on.the Fry 

readability formula (Fry, 1968), the reading level of the 

third. paragraph of the consent form was at the sixth grade 

level. The reading level.of the entire consent was at the 

seventh grade reading level. Neither race nor socioeconomic 

status have been identified as variables that affect 

performance on the cognitive function tests (Geffen et al., 

1990; Lezak, 1983; Reitan, 1986). 

Individuals on chronic hemodialysis for more than 6 but 

less than 18 months were invited to participate in the 

study. Patients on dialysis less than 18 months were used 

in order to control for the potential effects of long-term 

dialysis therapy on cognitive function (Ventura et al., 

1990). Patients on hemodialysis a minimum of 6 months were 

used to decrease the probability of physiologic instability 



that may occur in newly dialyzed patients. In addition, 

individuals on dialysis more than 6 months are more likely 

to have begun to cope with the psychological changes 

necessary for adapting to life with ESRD (Mapes & Richie, 

1995). While the exact influence of psychological effects 

on cognitive function are.unknown, it is reasonable to 

speculate that psychological factors may affect an 

individuar•s motivation to perform optimally on the 

cognitive function measures. Finally, the time frame was 

chosen to reflect a time during which many individuals on 

hemodialysis are still learning information about the 

disease and treatment interventions. 
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Only those individuals who received hemodialysis 

treatment three times a week were included in the study to 

control the variability of the sample. The majority of 

patients in the United States dialyze three times a week 

(National Institutes of Health, 1996). Therefore, the study 

population was representative of the target population of 

the study. The sample was also limited to individuals with 

dialysis blood vessel access that did not involve the 

dominant arm due to the paper-and-pencil nature of the 

Trailmaking Tests. 

A convenience sample of subjects was obtained from 

eight out-patient dialysis centers in a Southeastern 

metropolitan area that allowed the investigator access to 

the population. The sample size needed for this study was 
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based on a medium effect size (.5), an 80% level of power, 

and a statistical significance level of Q <0.05 (Cohen, 

1988). Given these parameters, a minimum of 52 subjects was 

needed for the study. 

Human Assurance 

Human Assurance Committee 

Human Assurance Committee (HAC) approval was granted by 

the Medical College of Georgia. Directors of dialysis units 
.. . 

approached by the investigator were informed of the HAC's 

action. Additional review for the protection of human 

subjects was not requested by specific dialysis units, 

although each unit administrator and/or medical director 

reviewed the patient consent and study procedures prior to 

granting approval for data collection. 

Consent 

The investigator invited potential subjects to 

participate in the study during a regularly scheduled 

dialysis treatment. The investigator explained the purpose 

of the study, cognitive function testing procedures, and 

blood sample collections. Potential subjects were assured 

that participation or non-participation in the study would 

not affect their present or future care in the dialysis 

unit. Subjects were also informed that they could withdraw 

from the study at any time without prejudice. All study 

data were kept confidential and will remain confidential 

unless they must be revealed by law. Completed cognitive 
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function tests were identified by a subject number known 

only to the investigator, and stored in a secure location. 

Subjects were also assured that they would not be personally 

identified in any verbal or written discussion or report of 

the research findings. Following verbal consent by the 

subject, written consent was obtained (Appendix A). One 

copy of the consent was given to the subject; one copy was 

retained by the investigator. Consent was verified with the 

subject before the first data collection time. 

There were no anticipated physical or psychological 

risks involved in this study. The amount of blood needed 
~ 

for analysis (10 cc over three separate times) was minimal 

and avoided any additional venipunctures. Therefore, blood 

specimen withdrawal was unlikely to result in physical risk. 

In addition, the 30 - 40 minutes needed to complete the 

study protocol was not likely to interfere with the 

provision of the dialysis therapy. While the subject may 

have become bored or fatigued with the study protocol, the 

time needed to complete the study instruments at each data 

collection time was short and decreased the likelihood that 

fatigue or boredom occurred. If the subject became 

physically unable or expressed unwillingness to complete the 

study, the subject was removed from the study without 

prejudice. 
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Instrumentation 

Trailmaking Tests 

The dependent variable, cognitive funct,ion, was 

measured using the Trailmaking Tests Part A an<;1 __ B and the 

Auditory Verbal Learning Test (AVLT). The Trailmaking Tests 

are standardized paper-and-pencil tests that measure 

attention and concentration abilities (Golden, 1990; Peck, 

Stephen, & Martelli, 1987). Reitan (1,986) _developed a 

specific protocol' for the administration and scoring of the 

Trailmaking Tests. The following section describes the 

administration protocol, which was followed throughout the 

study. 

Part A of the Trailmaking Test is comprised of circled 

numbers from 1 to 25 randomly scattered over a sheet of 

paper (Appendix B). The subject connects the numbers in 

order. Part B consists of circled numbers from l to 13 and 

circled letters from A to L randomly scattered over a sheet 

of paper (Appendix C). The subject connects the circled 

numbers and letters in order, alternating between numbers 

and letters. Prior to the beginning of each Test, the 

subject completed a sample test with seven numbers or seven 

numbers and letters to assure subject understanding of Test 

instructions. The subject was instructed to work as quickly 

as possible. During both the sample Tests and 

administration of the full Tests, if the subject made an 

error, the investigator called the error to the subject's 



attention immediately and the subject continued the Test 

from the point of the mistake. The investigator continued 

timing throughout, using a stopwatch. Both Tests were 

scored in seconds according to the time of completion. 
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Normative data for adults 20 to 79 years of age are 

available for the Trailmaking Tests (Lezak, 1983) and were 

used for comparison in this study. Normal reference values 

for the Tests were based on samples that represented both 

males and females (Lezak). Neither Reitan (1986) nor Lezak 

noted differences in performance on the Tests in any age 

group by gender. The ethnic background of the samples that 

participated in the normative studies was not reported in 

the literature. 

In general, high scores on the Tests indicate 

difficulty with attention and concentration. Performance 

scores greater than 38 seconds on Part A and greater than 

102 seconds on Part Bis considered beyond the normal range 

for adults 40 to 50 years of age and indicate mild brain 

dysfunction (Gilandas, Touyz, Beumont, & Greenberg, 1984). 

Research using the Trailmaking Tests found them effective in 

discriminating between brain.dysfunction patients and normal 

controls with 85% accuracy (Golden, 1990). 

Reliability for both the Trailmaking Tests has been 

assessed in healthy and neur9logically impaired adults. 

Test-retest reliab_ili ty conducted 12 weeks apart yielded a 

reliability coefficient of .46 for Part A and .44 for Part B 
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in a young healthy male population (Matarazzo, Wiens, 

Matarazzo, & Goldstein, 1974). However, in the same study, 

a reliability coefficient of .78 for Part A and .67 for Part 

B was found in 60 year old patients with diffuse 

cerebrovascular disease. The researchers did not offer an 

explanation for the variability in test-retest scores 

between the two groups. Using a sample of 23 healthy 

subjects.(mean age 32 years), Bornstein, Baker, and Douglass 

(1987) obtained reliability cbefficients of .55 for Part A 

and .75 for Part B after a three week interval. Finally, 

test-retest reliability conducted with 19 healthy subjects 

over three administrations spanning a 12 month period 

yielded a coefficient of .78 for Part A and .67 for Part B 

(Lezak, 1983). The variability in the reliability 

coefficients may have been due to practice effects using a 

single form of the Tests. As a result, alternate forms have 

been developed. 

Alternate form reliability has also been evaluated. In 

one study (Charter, Adkins, Alekoumbides, & Seacat, 1987) a 

reliability of .95 for Part A and .94 for Part B was found 

in a mixed sample of normal and brain damaged individuals 

when alternate forms were used. Alternate form reliability 

in the normal sample was .89 for Part A and .92 for Part B. 

desRosiers and Kavanagh (1987) investigated both alternate 

form reliability and test-retest reliability using the 

alternate forms. They obtained a correlation coefficient of 
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.66 for Part A and .89 for Part Bin a sample of 50 healthy 

subjects 15-59 years of age. Using the same forms, the 

investigators found coefficients of .79 for Part A and .88 

for Part Bin a sample of 15 head injured patients. Test

retest reliability using alternate forms after 30 days was 

found to be .67 and .80 for Part A and .95 and .89 for Part 

Bin 15 subjects from the healthy sample. In the head 

injured patients, test-retest reliability yielded 

coefficients of .83 and .84 for Part A and .90 and .81 for 

Part B. In light of.the satisfactory reliability 

coefficients, alternate forms of the Trailmaking Tests were 

used in this study. 

Auditory Verbal Learning Test 

The Auditory Verbal Learning Test (AVLT) (Appendix D) 

is a standardized test that assesses immediate and short 

term memory, susceptibility to interference, and recognition 

memory (Lezak, 1983; Spreen & Strauss, 1991). Lezak 

provided a detailed protocol and instruction script for the 

administration of the AVLT. The protocol and script were 

followed in this study, and are described in the following 

section. 

The AVLT consists of a word list of 15 nouns that were 

read aloud, with a one second interval between each word. 

Upon completion of the list, the subject was asked to repeat 

as many words as they could remember from the list. The 

same list, with the words in the same order, was repeated 
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for five trials. Following the reading of the word list 

each time, the subject was asked to repeat as many words as 

possible. The investigator wrote down the words the subject 

remembered each trial, including any words that were not in 

the word list. Instructions for the test were repeated 

before each trial; no feedback was given to the subject 

regarding the number of correct responses or errors. Upon 

completion of the fifth trial, the investigator read a 

second word list of 15 nouns that served as an interference 

list. The subject was asked to repeat as many words as they 

could remember from the interference list. Immediately 

following the subject's recall of the second list, the 

investigator asked the subject to recall as many words from 

the first word list as possible, without further reading of 

the first list. After a 20 minute delay, the subject was 

again asked to recall as many words as possible from the 

first word list. For each recall, the investigator wrote 

down the words remembered by the subject, including any 

words not on the word lists. Finally, the subject was 

presented with a written list of 50 words containing all 

words from both of the word lists and 20 words phonetically 

or semantically similar to those in the word lists. The 

subject was asked to circle the words in the list that were 

in the first list presented. Scoring for the AVLT was based 

on the number of words recalled correctly each trial. 



98 

Normative data are available for the AVLT for healthy 

adults according to age and gender (Geffen et al., 1990). and 

were used for comparison in this study. Ethnic/cultural 

group identity was not reported for the normative data 

sample. Generally, low recall scores indicate memory 

function deficits. Research using the ·AVLT found that 

performance of memory-impaired individuals was significantly 

lower than normal subjects (Mungas, 1983; Rosenberg, Ryan, & 

Prifitera, 1984). There are no data that describe differing 

memory function or scores on the AVLT related to ethnic 

identity. 

Significant improvements in subject recall have been 

identified on repeated administrations of the same form of 

the AVLT. Lezak (1983) found significant practice effects 

using the same form at 6 and 12 months. Similarly, 

Crawford, Stewart, and Moore (1989) found significant 

practice effects using the same form at 27 days. No 

significant improvement in test performance was noted when 

subjects were retested with different versions of the AVLT. 

Another study (Ryan, Geisser, Randall, & Georgemiller, 1986) 

to evaluate test-retest reliability using alternate forms 

found coefficients that ranged from .60 to .77. The test

retest reliability was evaluated over a 140 minute period in 

a group of subjects with varied neuropsychological 

diagnoses. Given the significant practice effects in using 
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the same form and acceptable reliability of alternate forms 

of the AVLT, alternative forms were used in the study. 

Potential weaknesses 

Despite the acceptable reliability of the Trailmaking 

Tests and the AVLT, potential weaknesses of the measurement 

tools may be present. The AVLT is based on the ability of 

the subject to repeat words remembered from a word list. 

While the words were described as "common" by the authors of 

the tools, it was possible that a subject may remember or 

not remember items on the list because the words were 

unfamiliar. The normative sample used by Geffen et al. 

(1990) did not include the racial or ethnic mix of the 

subjects but included a mix of individuals from unskilled 

and professional occupations. In testing an alternate form 

of the AVLT, Ryan et al. (1986) included a sample that was 

about 28% black and did not report any race-related 

analysis. In addition, studies that investigated the 

reliability and discrimination-ability of the AVLT did not 

describe ethnic or cultural backgrounds of individuals that 

participated. Finally, nephrology research studies that 

used the AVLT did not report the racial or ethnic mix of 

study populations although data from United States and 

United Kingdom samples have.been published. 
. ' 

In order to determine potential ethnic/cultural 

weaknesses of the AVLT, this investigator compiled a list of 

the words from the three forms of the AVLT that were used in 
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this study. A convenience sample of five healthy 

individuals was asked to read the word list and circle any 

words that were not familiar. Three of the individuals were 

black, and 2 were white; 3 of the individuals were female. 

The average age of the test group was 41 (range 38-50), and 

the average last grade in school completed was 12 (range 10 

to 13 years). Results of-the word list.review indicated the 

tests do, indeed, include familiar words. Only one word, 
' 

"jester", was circled as unfamiliar by one black female. 

The investigator's role in measuring cognitive function 

raised a potential threat to internal validity. An 

instrumentation threat arose because the investigator 

pointed out errors to the subjects when completing the 

Trailmaking Tests and wrote down the words remembered by the 

subjects during the AVLT. The investigator may have been 

slower or faster in pointing out errors or writing down 

words during some testing times versus others, or with some 

subjects and not others. Thus, results may reflect fatigue 

or practice effects of the investigator rather than the 

cognitive function of the individual. The repeated measures 

design of the study decreased the instrumentation threat 

because it was unlikely that the investigator would have a 

consistent effect on all three of the measurement times of 

cognitive function. In addition, the order in which the 

cognitive function tests was administered and the sequence 

of testing each individual subject was randomly assigned. 
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Demographic/Physiologic Data Tool 

The Demographic/Physiologic Data Collection Tool 

(Appendix E) was developed by the investigator and included 

information about subjects that permitted description of the 

study population. Information concerning age, gender, race, 

last year of school completed, primary disease causing ESRD, 

and time on dialysis was recorded. The physiologic data 

that supported the subject's inclusion criteria for the 

study were also included on the Tool. Data including 

hematocrit, dialysis adequacy (KT/V), aluminum level, and 

blood sugar ( if appropriate) were recorded.. The data were 

obtained from the subject and from the subject's dialysis 

unit record. 

The Demographic/Physiologic Data Collection Tool was 

also used to record laboratory results of BUN, creatinine, 

carbon dioxide, and length of the hemodialysis treatment 

session. The analysis of serum data was performed by a 

single laboratory. The investigator validated the 

laboratory's compliance with the Clinical Laboratory 

Improvement Amendments (CLIA) (1988) prior to and during the 

study by reviewing the laboratory's letter of CLIA 

certification. Compliance with CLIA ensured that laboratory. 

personnel met standards in laboratory medicine and assured 

that test results were reliable. 
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Procedure 

Dialysis unit managers in the researcher's geographic 

area were contacted to gain access to the study population. 

A total of 15 dialysis units were approached for inclusion 

in the study. Three of the units denied access to the 

patient population, stating increased workload as the 

primary reason for refusal. Four units that permitted 

access for the study did not have any patients that met 

study inclusion criteria. ·There were no apparent 

differences between the dialysis units that granted access 

for the study and those than denied permission. 

Data were collected over a 20 month peri.od from 

December 1994 to July 1996 in eight units in order to obtain 

a sufficient sample size. A list of potential subjects was 

obtained following a review of the patient records. 

Potential subjects were approached about inclusion in the 

study during a regularly scheduled dialysis treatment. The 

investigator explained the purpose of the;study, study 

procedures, and blood sample collection. After all subject 

questions were answered, the subject signed a written 

consent form. Data collection began during the next 

scheduled dialysis treatment session. Informed consent and 

continued willingness to participate in the study were 

validated with the subject prior to the first data 

collection time. 
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Each subject completed all tests of cognitive function 

at three times in relation to a dialysis treatment. All 

tests were administered by the investigator within 30 

minutes before the beginning of a dialysis treatment, 60 to 

90 minutes after the beginning of a treatment, and within 30 

minutes after the completion of a dialysis treatment. The 

completion time for the cognitive function tests was thirty 

to forty minutes for the combined tests, including a 20 

minute delay during the AVLT_. Approximately 50% of the 

subjects finished the pre dialysis protocol 5 to 10 minutes 

after the hemodialysis treatment was started. Testing times 

were separated by one week to decrease the potential effects 

of practice and/or fatigue on the results. In addition, the 

tests were conducted during the midweek treatment (Wednesday 

or Thursday depending on the individual's schedule). Most 

of the subjects completed the study•in three consecutive 

weeks. Five subjects required four weeks to complete the 

study protocol due to hypotension during the treatment 

session (n = 3) and unavailability for data collection 

(2 changed dialysis schedules). Administration of the tests 

was done in the hemodialysis unit, with the subject seated 

in the dialysis chair. A clipboard was used for the 

administration of the Trailmaking Tests. The times and 

location of test administration were specifically chosen to 

be similar to the times and location most frequently used 

for teaching interventions in the dialysis unit. The 
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sequence in which the tests were administered (before, 

during, or after dialysis) was randomly determined among six 

possible orders - before, during, after; during, after, 

before; after, before, during; during, before, after; 

before, after, during; and after, during, before a treatment 

session. The order in which the cognitive function tests 

were administered was also randomly determined at each 

testing time period. A table of random numbers was used to 

determine both the order of the testing time and the 

cognitive function tests. 

Physiologic or environmental events could occur between 

the measurements of cognitive function that would affect 

cognitive function. The subject was monitored for 

physiologic instability,(e.g. hypotension, nausea) and data 

collection was suspended if instability occurred. 

Similarly, if a disruptive environmental event (e.g. life 

threatening situation in another patient) occurred during 

cognitive function testing, data collection would have been 

stopped. When an event occurred, the investigator discarded 

data already gathered and performed data collection the 

following week during the regularly scheduled dialysis 

treatment. Subjects who experienced hypotension, nausea, or 

complained of pain during more than one cognitive function 

testing time were also targeted for removal from the study. 

Data from subjects unable to complete the,entire study 

protocol were not included in the analysis. Information 
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related to subject mortality was maintained throughout the 

study and analyzed at the close of the study to determine 

potential bias. 

Serum samples for laboratory analysis were obtained 

three times during the study. The before dialysis sample 

was obtained within 5 minutes after hemodialysis treatment 

was initiated. The during dialysis samples were obtained 

during the 20 minute delay of the AVLT. The after dialysis 

sample was drawn within the last 5 minutes of the dialysis 

session and before administration of the cognitive function 

tests. The after dialysis sample did not accurately reflect 

the equilibrated serum levels that occur 30 to 60 minutes 

after a treatment session (Lazarus et al., 1996). However, 

obtaining the s~mples at these times assured that the serum 

was obtained while the subject's dialysis vessel was 

accessed for the treatment. In order to facilitate this 

study, a separate venipuncture to obtain serum specimens was 

avoided. All blood samples were collected by the 

investigator from the arterial side of the subject's vessel 

access. Approximately 3 cc of blood was obtained for each 

sample, for a total of less than 10 cc for each subject over 

the three week data collection period. 

Limitations 

The following limitations were possible during the 

study. Although the limitations should be considered, there 

was no evidence during the conduct of the study that they 
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affected the quality of data obtained. Possible limitations 

of the study included: 

1. An occult physiologic•event that affected the 

subject's performance on cognitive function tests may have 

occurred and was not noted by the investigator (e.g. 

transient hypotension that was not measured during blood 

pressure monitoring). 

2. The subject may have become bored or fatigued with 

the cognitive function testing. Boredom or fatigue could 

negatively influence attention and memory test scores. 

3. Data were collected over a 20 month period. It was 

possible that procedures or therapy approaches could have 

changed in the dialysis units over the 20 month period of 

data collection. These changes could have affected dialysis 

adequacy, introducing additional variability into the study. 

No apparent changes in dialysis machines or procedures were 

noted in the units during the time of the study. 

4. Data were collected from eight different dialysis 

unit environments, providing a potential source of 

variability in patient characteristics and therapy 

approaches. There were no apparent differences in the 

patient populations or treatment procedures and approaches 

among the dialysis units in the study. 

5. Unknown or undiagnosed cognitive function 

alterations may have been present in some subjects prior to 

ESRD and dialysis therapy. Previously undetected problems 



with cognitive function may be attributed to ESRD or 

dialysis. 
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6. The investigator's attention may have been 

distracted during cognitive testing and the investigator was 

unaware of the distraction. Distraction would have led to 

improper scor~ng of subject cognitive function tests. 

7. Repeated administration of the tests may have 

produced improvements in performance due to familiarity with 

the task (both subject and investigator).· 

8. Recall on the AVLT at successive testing times may 

have been affected by the recall of words from the 

immediately preceding testing time. 



Chapter 5 

Data Analysis 

This chapter presents the results of the research 

study. First, the sample characteristics are described, 

reliability and validity of the research instruments are 

discussed, and the analysis and testing of the hypotheses 

are presented. Comparison of subject scores with normal 

reference values and disease related characteristics of the 

study sample are discussed in the post-hoc analysis. 

The research questions investigated in this study were: 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with during a dialysis 

treatment? 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis during a dialysis treatment 

as compared with immediately after a dialysis treatment? 

Is there a difference in the cognitive function of 

adults with ESRD on hemodialysis immediately before a 

dialysis treatment as compared with immediately after a 

dialysis treatment? 

108 
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Are the serum levels of creatinine, BUN, and acidosis 

(as measured by carbon dioxide) predictive of cognitive 

function? 

Description of the sample 

Fifty seven patients on maintenance hemodialysis 

therapy wh? met the study inclusion criteria were enrolled 

in the study over a 20 month period from December 1994 to 

July 1996. Five subjects failed to complete the study 

protocol. Of these five, two subjects received kidney 

transplants, two subjects were hospitalized, and one subject 

withdrew from the study after the first measurement time. 

The remaining 52 subjects completed the study. 

The demographic characteristics of the sample are found 

in Table 1. Subjects were between the ages of 40 and 50 

years, with a mean age of 45.5 years. Gender in the sample 

was almost evenly distributed with 25 (48%) females and 27 

(52%) males. Nationally, individuals on hemodialysis are 

46% female and 54% male (National Institutes of Health, 

1996). Thirty eight (73%) of the subjects that completed 

the study were Black, 10 (19%) were White, 3 (6%) were 

Hispanic, and 1 subject was Asian. Blacks were 

proportionally over-represented, and Whites were under

represented in the sample when compared to national (29% 

Black) race characteristics (National Institutes of Health). 

Although Blacks were over-represented in the sample, there 

was no apparent bias in the study that led to a larger 



Table 1 

Demographic Characteristics of the study Sample 

Gender 

Race 

Education 

Diagnosis 

Female 

Male 

Black 

White 

Hispanic 

Asian 

8 - 12 years 

12 - 18 years 

!'1 = 12.46 years 

Hypertension 

Glomerulonephritis 

Polycystic Disease 

Misc. 

Length of Session 

3.25 hours 

3.5 hours 

3.75 hours 

4.0 hours 

4.25 hours 

!'1 = 3.86 hours 

Months on Hemodialysis 

!'1 = 10.6 months 

N 

25. 

27 

38 

10 

3 

1 

28 

24 

29 

10 

4 

9 

3 

12 

2 

32 

3 

110 

% 

48% 

52% 

73% 

19% 

6% 

2% 

54% 

46% 

56% 

19% 

8% 

17% 

6% 

23% 

4% 

61% 

6% 
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number of Blacks than other racial groups. Dialysis units 

accessed for the study were both urban and suburban, and 

were not limited geographically within a large metropolitan 

and surrounding area. 

Subjects had completed between eight and 18 years of 

formal education, with a mean education level of 12.46 

years. The most common primary diagnosis in the sample was 

hypertension (56%), with glomerulonephritis (19%) and 

polycystic kidney disease (8%) also represented. The 

remaining 17% of _the sample diagnoses included hereditary 

nephritis, obstructive nephropathy and collagen vascular 

disease. Individuals with hypertension were over

represented in the study sample as compared to national 

statistics (33% when diabetes is removed from total 

incidence) (National Institutes of Health). It is possible 

that hypertensive individuals were over-represented in the 

sample due to the large number of Blacks in the study. 

Hypertension is the most common etiology of ESRD in this 

racial group (National Institutes of Health). 

All subjects underwent hemodialysis therapy in an 

outpatient dialysis center three times a week. Subjects 

were dialyzed a mean of 3.86 hours, with a range of 3.25 to 

4.25 hours per session. The mean time on hemodialysis 

therapy for the sample was 10.6 months, with a range of 6 to 

18 months. 
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There were no apparent demographic differences between 

the subjects who completed the study and the five subjects 

who did not complete the study protocol. The group of 

subjects who did not complete the study were an average of 

43.4 years of age, completed an average 12 years of 

education, and had been on hemodialysis a mean of 12 months. 

Independent ~-test analysis indicated that the groups did 

not differ (g >.05) in terms of age, education, or time on 

dialysis therapy. The group not tested was comprised of 3 

males and 2 females; 3 of the subjects were Black and 2 were 

White. 

Reliability and Validity 

Prior to a discussion of the results of hypothesis 

testing, reliability and validity of the research 

instruments used in the study is necessary. As noted in 

Chapter 4, the instruments used to measure cognitive 

function were standardized tools, and were chosen based on 

acceptable test-retest and alternate form reliability. In 

addition, the instruments were selected because they 

discriminated between attention and memory impaired 

individuals and healthy individuals without attention or 

memory impairments. Therefore, reliable and valid research 

instruments were used in this study and form the basis for 

reviewing reliability and validity of the instruments in the 

study sample. 
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Reliability 

Reliability of an instrument is assessed by determining 

the consistency and repeatability of the research tool in 

measuring the variable of interest (McLaughlin & Marascuilo, 

1990). Test-retest correlations or evaluation of internal 

consistency using Cronbach's alpha are the most frequently 

used methods of assessing instrument reliability (McLaughlin 

& Marascuilo). However, these methods could not be used in 

this study because of the study design and nature of the 

research instruments. Therefore, other indicators of 

reliability were investigated. 

In this study, attention was measured using two tests -

Trailmaking Test A and Trailmaking Test B. Although Test B 

is a more complex task than Test A (Reitan, 1986), 

correlations between subject performance on Test A and Test 

B indicated the consistency of the tests in measuring 

attention. Correlation coefficients were calculated between 

Test A and Test B results at all three levels of the 

independent variable. Analysis revealed that Test A and 

Test B were significantly correlated before (K = .65, 

n <.001), during(~= .70, n <.001), and after(~ =.66, 

n <.001) dialysis. Given the significant correlations 

between the two measures, reliability of the tests in the 

study sample was supported. 

Reliability of the AVLT in the study sample was 

evaluated by examining the correlations among subject scores 
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on Trials 1 through 5. Intercorrelations among the Trials 

at the three testing times indicated whether the tool was 

consistent in measuring memory functions. Correlation 

coefficients were calculated among each of the first five 

Trials of the AVLT before, during, and after dialysis. The 

first five Trials of the AVLT were used to establish 

reliability because they measured the same aspect of memory, 

immediate memory function. Analysis of the correlation 

coefficients among each Trial indicated high 

intercorrelations among Trials 1 through 5 before, during, 

and after dialysis. Correlations among the Trials were 

between .35 and .82 before dialysis, between .50 and .88 

during dialysis, and between .52 and .83 after dialysis. 

All correlations were significant at the~ <.001 levels with 

the exception of the correlation of Trial 1 and Trial 5 

before dialysis, which was significant at the~ <.01 level. 

In light of the correlation data in'the sample, support for 

the reliability of the AVLT was demonstrated. 

Validity 

Validity of the research in~truments in the study 

sample was assessed by evaluating convergent validity. In 

order to support convergent validity, evidence that 

different methods of measuring a construct yields similar 

results is needed (McLaughlin & Marascuilo, 1990). Although 

Trailmaking Test B (TMT B) is a more complex task than 

Trailmaking Test A (TMT A), both Tests are measures of 
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attention (Reitan, 1986). As noted in th~ previous 

discussion of reliability, TMT A and TMT B were 

significantly correlated before(~= .65, g <.001), during 

(r = .70, g <.001), and after(~= .66, g <.001) dialysis. 

Convergent validity Of TMT A and TMT B was supported by the 

significant correlations at all of the three testing times. 

Convergent validity was also used to support the 

validity of the AVLT. Attention function is a prerequisite 

for memory function (Boss, 1986). Therefore, correlations 

among TMT A and AVLT scores on Trials 1 through 5, and TMT B 

and AVLT scores on Trials 1 through 5 were an indicator of 

the validity of the instruments. Specifically, negative 

correlations among the AVLT and TMT scores supported 

convergent validity. AVLT and TMT A and TMT B scores were 

negatively correlated because low TMT scores indicated that 

attention was focused, and high AVLT scores indicated that 

sufficient attention was present to support memory. 

Therefore, correlations among TMT A and AVLT scores, and 

TMT Band AVLT scores were calculated before, during, and 

after dialysis. Correlation results indicated that TMT A 

and TMT B scores were consistently negatively correlated 

with AVLT scores before, during, and after dialysis. 

Correlations of TMT A and AVLT were between -.16 and -.31 

before dialysis, between -.20 and -.41 during dialysis, and 

between -.25 and-.45 after dialysis. The correlations were 

in the expected direction, but_were low to moderate in 
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strength, providing limited support of convergent validity. 

Correlations among TMT Band the AVLT Trials were higher, 

providing stronger support for convergent validity. 

Correlation analysis of the results of TMT Band AVLT scores 

yielded consistently statistically significant correlations 

with g <.05. Correlations among TMT Band the AVLT Trials 

ranged between -.28 and -.50 before dialysis, between -.32 

and -.59 during dialysis, and between -.35 and -.50 after 

dialysis. Correlations among TMT Band the AVLT Trials may 

have been stronger than those among the TMT A and AVLT 

Trials because the.TMT Bis a more complex attention task. 

Thus, attention as measured by TMT B was more similar to the 

attention function required for memory thah that measured by 

TMT A. Convergent validity for the instruments in this 

study was supported by the presence of the moderate negative 

correlations between the attention and memory tests. 

Data concerning the reliability of the research 

instruments in the study sample indicated that the tests 

were consistent in measuring attention and memory. The 

extent to which the instruments actually measured attention 

and memory was evaluated by examining convergent validity. 

Given the support for the reliability and ,validity of the 
' 

instruments in the study sample, hypothesis testing could be 

conducted. 
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Hypothesis Testing 

Hypothesis 1 

Attention and memory functions are related to time in 

relation to a dialysis treatment session in adult 

individuals on hemodialysis. 

This hypothesis was analyzed using repeated measures 

ANOVA. Prior to performing repeated measures AN0VA the data 

were tested to assure the criterion for compound symmetry 

was met. The assumption of compound symmetry is a necessary 

condition and indicates that correlations across the three 

dialysis measurements are the same, and that the variances 

are equal across the measurements (Munro, 1986). Meeting 

the assumption of compound symmetry lessens the risk of 

committing a Type I error. The assumption of compound 

symmetry was evalua·ted using Mauchly' s Test of Spherici ty 

with a significance level of p <.05. Sphericity was 

significant on TMT A (p = .04) and on AVLT Trial 3 

(p = .01). As a result, the Greenhouse-Geisser procedure 

was used to adjust the degrees of freedom and obtain a more 

stringent F ratio in order to decrease the. possibility of a 

Type I error (Munro). 

Table 2 presents the means, standard deviations, and 

repeated measures analysis results of the cognitive function 

tests at the three treatment times. There was no 

significant difference (p >.05) among the three levels of 

the independent variable, time on dialysis, on TMT A, TMT B, 
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Table 2 

Means. Standard Deviation. and Repeated Measures ANOVA 

Results of Cognitive Function Tests 

Test 

Time 

Before 

Dialysis 

fill 

During 

Dialysis 

M fill 

TMT A 

TMT B 

AVLT 

50.46 36.9 51.00 33.5 

140.98 72.6 142.73 70.9 

Trial 1 5.56 

Trial 2 8.23 

Trial 3 9.81 

Trial 4 10. 77 

Trial 5 11. 50 

Total 46.10 

Trial 6 5. 04 

Trial 7 8. 85 

Trial 8 8.90 

Recog 12.83 

1.5 

1.9 

2.1 

2 .0 

2.1 

8.3 

1.8 

2.7 

3.1 

1.9 

5.73 1.7 

8.02 2.3 

9.62 2.7 

10.67 2.5 

11.29 2.4 

45.29 10.3 

5.06 1.6 

9. 02 3 . 5 

9.31 3.i 

12. 77 2. 0 

After 

Dialysis 

M 

53.06 

135.69 

5.63 

7.96 

9.04 

9.90 

11.12 

43.65 

5.13 

8.56 

8.62 

12.38 

fill 

38.5 

66.4 

2.0 

2.2 

2.4 

2.7 

2.6 

10.4 

1. 7 

2.9 

2.6 

2.1 

ANOVA Results 

. 736" 

.737 

.241 

.548 

3. 791b 

5.115 

.850 

2.704 

.077 

.820 

2.012 

1. 723 

>.10 

>.10 

>.10 

>.10 

<.05 

<.01 

>.10 

>.05 

>.10 

>.10 

>.10 

>.10 

Legend: Trial 6 = Interference Trial; Trial 7 = Immediate Recall Trial; 

Trial 8 = Delayed Recall Trial; Recog = Recognition Trial 

"sphericity significant (R = .04); df adjusted (1.8,101). bsphericity 

significant (R = .01); df adjusted (1.7,101) 
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and overall AVLT performance. Although two Trials of the 

AVLT, Trials 3 and 4, differed significantly among the three 

treatment times(~ <.05 and p <.01 respectively), the 

overall pattern in AVLT performance was not significant. 

The lack of significant differences indicated that attention 

and memory function did not vary during a hemodialysis 

treatment session. 

Hypothesis 2 

Serum levels of creatinine, BUN, and carbon dioxide are 

predictive of cognitive function. 

Prior to multiple regression analysis, correlations 

among the physiologic variables measured in the study were 

examined for possible relationships. Although correlation 

coefficients are not used in multiple regression analysis, 

the coefficient of determination (~2
) that is derived from 

the correlation coefficient is meaningful (Pedhazur, 1986). 

The resulting r 2 would indicate the proportion of variance 

in cognitive function accounted for by BUN, creatinine, and 

carbon dioxide levels. Therefore, the strength of the 

correlations among the variables is helpful in indicating 

linear relationships and is useful in determining the value 

of subsequent regression analysis (Munro, 1986). 

Correlation coefficients were analyzed to determine if 

the blood levels of BUN, creatinine, and carbon dioxide were 

related to cognitive function test results at any of the 

three times on dialysis. Examination of the correlation 
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coefficients revealed that correlations did not exceed .25, 

and were not statistically significant at then= .05 level. 

As a result, the amount of variance in cognitive function 

test results explained by the serum levels of BUN, 

creatinine, and carbon dioxide at the time of cognitive 

function evaluation was unlikely to enter the regression 

model at then= .05 level. 

However, it was possible that one or other variables 

may "suppress" the effe~t of the physiologic variables in a 

multiple regression analysis (Wright, personal 

communication, February 6, 1997). Given the nature of the 

cognitive function tests used in the study, education level 

of the subjects may have affected the significance of the 

physiologic variables measured in the study. 

Stepwise regression analysis was used to examine the 

relationship of education, BUN, creatinine, and carbon 

dioxide to each of the cognitive function tests at each of 

the testing times. The stepwise approach was chosen in 

order to determine if any of the four independent variables 

included would be significant predictors of cognitive 

function test scores. It was anticipated that if education 

level was a suppressor variable, education would enter the 

model as a significant predictor. A significance level of 

n = .05 was set for entry of variables into the regression 

model. 
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Results of the regression analysis indicated that 

education did not consistently enter the regression model 

within testing times (before, during, and after dialysis) or 

the same cognitive function test. None of the variables 

entered the model for TMT A. Analysis of TMT B results 

indicated that education entered the regression model at 

Step 1 and explained 12% (~2 = .12) of the variance in TMT B 

during, and 7% (~2 = .07) of the variance in TMT B after 

dialysis, but did not enter the model before dialysis. None 

of the physiologic variables entered the regression model at 

the g = .05 level before, during, or after dialysis. 

Similar inconsistency in the results of the multiple 

regression analysis was noted with the AVLT test results. 

Education entered the model at Step 1 at most, but not all, 

of the AVLT Trials. Also, although education level was 

significant (g = <.05) in many of the Trials, the largest ~ 2 

in any of the analyses was .20 (range .07 - .20). BUN, 

creatinine, and carbon dioxide did not enter the regression 

model at any of the three testing times for any of the AVLT 

Trials. 

Results of the multiple regression analysis indicated 

that serum levels of BUN, creatinine, and carbon dioxide 

were not predictive of cognitive function. Education level 

did not appear to be a supressor variable. In addition, 

although education level was a significant predictor in 

cognitive function at some testing times, the amount of 
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variance explained was inconsistent. The amount of variance 
. 

explained was, low (maximum ~ 2 = .20), leaving a large 

proportion of unexplained variance. 

Additional investigation into the serum levels measured 

in the study was conducted despite the lack of predictive 

information present. Analysis to determine if serum levels 

of BUN, creatinine, and carbon dioxide differed by time in 

relation to dialysis treatment was conducted using Analysis 

of variance (ANOVA). Data revealed that BUN, creatinine, 

and carbon dioxide serum levels changed significantly over 

the three measurement times(~ <.001). Table 3 summarizes 

the ANOVA results. Post hoc analysis using Bonferroni's 

modified LSD test with a~ <.05 significance level was 

conducted to determine where the differences occurred. BUN 

and creatinine levels changed significantly when compared 

before and during, during and after, and before and after 

dialysis. Carbon dioxide differed significantly when before 

and during, and before and after dialysis levels were 

compared. There was no significant difference in carbon 

dioxide levels between the during and after dialysis 

measurement times. 

Despite the significant changes in serum levels of 

creatinine, BUN, and carbon dioxide over the three 

measurement times, there was no corresponding change in 

cognitive function. The repeated measures ANOVA analysis of 
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Table 3 

Means and Analysis of variance Results of BUN creatinine. 

and Carbon Dioxide 

TIME ANOVA Results 

Before During After F ratio 11 
Dialysis Dialysis Dialysis 

Measure M fill M fill M fill 

BUN 41.4 12.7 27.4 11.1 16.1 5.9 77.95 <. 001 a 

Creatinine 9.4 2.8 6.4 2.2 4.3 1.4 69.86 <. 001 a 

Carbon 
Dioxide 20.0 3.2 22.4 2.8 23.6 2.8 19.94 <. 001b 

Note, "Significant difference (g <.05) between before and 

during, during and after, before and after dialysis. 

bSignificant difference (11 <.05) between before and during, 

before and after dialysis 
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the attention and memory test scores failed to support any 

change at the three times in relation to dialysis treatment. 

Additional Findings 

Despite the lack of 'significant findings in hypothesis 

testing, additional findings of importance in the study were 

identified .. First, the cognitive function results of the 

study sample were compared to normal reference group values. 

Second, post hoc analyses were performed to evaluate the 

relationships between treatment and disease characteristics 

with the study variables. 

comparison with Normal Values 

The mean TMT A and TMT B scores obtained at all three 

times in relation to the dialysis treatment were analyzed 

using independent t-tests to determine if subject 

performance differed from age-related normal values. As 

suggested by Gilandas et al. (1984) the 25th percentile, 

which is mildly suggestive of brain dysfunction, was used as 

the normal value for comparison. The 25th percentile normal 

comparison value for TMT A was 38 seconds, and the 

comparison value for TMT B was 102 seconds.· Table 4 

presents mean scores and t-test results of the cognitive 

function test comparisons with normal values. Subject 

scores were significantly impaired (p <.05) as compared with 

established age norms at each of the three measurement 

times. This finding indicated that attention was impaired 



Table 4 

Means and t-test Results of Cognitive Function Test Comparisons with 

Normal Reference Values 

Reference 
Normal• 

Trailmaking Tests 
TMT A <38 sec. 
Before 
During 
After 

Sample 
Mean 

50.46 
51.00 
53.06 

! value E. 

2.438 <.05 
2.795 <.01 
2.822 <.01 

TMT 8 
Before 
During 
After 

Reference 
Normal 

<102 sec. 

Sample 
Mean 

140.98 
142.73 
135.69 

! value E. 

3.872 
4.141 
3.657 

<.001 
<.001 
<.001 

Auditory Verbal Learning Testb Trial 1 6.59 words -----------------------~T~o-t~a-l~----~4;9-.;77l_w_o_r~d-s ______________ _ 

Before 5.56 4.86 <.001 Before 
During 5.13 3.70 <.001 During 
After 5.63 3.46 <.001 After 

Trial 2 
Before 
During 
After 

Trial 3 
Before 
During 
After 

Trial 4 
Before 
During 
After 

Trial 5 
Before 
During 
After 

9.19 words 

10.57 words 

11.60 words 

11.81 words 

8.23 
8.02 
7. 96 

9.81 
9.62 
9.04 

10.77 
10. 67 

9.90 

11.50 
11.29 
11.12 

3.72 
3.79 
4.05 

2.75 
2.59 
5.15 

2.98 
2.70 
4.55 

1.13 
1.67 
2.04 

<.001 
<.001 
<.001 

<.01 
<.05 
<.001 

<.01 
<.01 
<.001 

>.10 
>. 10 
<.05 

Trial 6 
Before 
During 
After 

Trial 7 
Before 
During 
After 

Trial 8 
Before 
During 
After 

Recog 
Before 
During 
After 

5.67 words 

10.37 words 

10. 79 words 

14.30 words 

46.10 
45.29 
43.65 

5.04 
5.06 

5.13 

8.85 
9.02 

8. 56 

8. 90 
9.31 
8.62 

12. 83 
12.11 
12.38 

3.32 
3.29 
4.43 

2. 43 
2.65 

2.08 

4.29 
2.94 
4. 78 

4.60 
3.53 
6.10 

5.83 
5.64 
6. 45 

Note: •rrailmaking Test Reference Normals from Gilandas et al. (1984); AVLT Reference Normals from Geffen et al. (1990). 

<. 01 
<.01 
<.001 

<.05 
<.05 
<.05 

<.001 
<.01 
<.001 

<.001 
<.001 
<.001 

<.001 
<.001 
<.001 

bLegend: Trial 6 = Interference Trial; Trial 7 ° Immediate Recall Trial; Trial 8 = Delayed Recall Trial; Recog = Recognition 

Trial 
.... 
N 
01 



in individuals on hemodialysis throughout the dialysis 

treatment session. 
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Mean scores on the AVLT trials were also analyzed using 

independent ~-tests to determine if memory function was 

significantly different from age and gender performance 

norms (Geffen et al.,1990). As summarized in Table 4, 

subject memory performance was significantly impaired as 

compared with established norms with the exception of Trial 

5 before and during dialysis. In addition to comparisons 

with normal reference values, the memory pattern exhibited 

on the AVLT was examined. Lezak (1983) noted that 

individuals without memory impairment learn about 5 words 

from Trial 1 to 5, recall one to two fewer words on the 

immediate recall trial (Trial 7), and have minimal change 

between the immediate and delayed recall (Trial 8) trials. 

This general pattern was noted in the study sample. The 

trend indicated that while memory function was impaired 

throughout the hemodialysis treatment, patients exhibited a 

pattern of information retention and recall similar to that 

of non-impaired individuals. 

Influence of Treatment and Disease 

The relationships between treatment and disease related 

characteristics and cognitive function were included in post 

hoc analyses. The characteristics evaluated were those in 

the previous research and theoretical literature that were 

identified as having a role in impaired cognitive function. 
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Correlations were used to assess the relationship between 

aluminum, hematocrit, and KT/V and the dependent variables, 

attention and memory scores (see Table 5). 

Aluminum, Aluminum levels in the sample were a mean of 

7.00 mcg/dl (fill. 2.98) with a range of 3 to 14 and did not 

show any consistent correlations with TMT A, TMT B, or AVLT 

Trial results. Moderate correlations with aluminum levels 

were found on AVLT Trial 3 (~ = .33), Total AVLT (~ = .29), 

and AVLT Trial 6 (~ = .27) during the dialysis treatment. 

These correlations were significant at the g <.05 level. 

All other correlations were less than~= .25, indicating 

weak relationships. 

Hematocrit, Hematocrit levels in the sample were also 

not consistently correlated with attention and memory test 

performance at any of the three times. The mean hematocrit 

of the sample was 34.25% (fill. 2:62) with a range of 30 to 

43.8%. Moderate correlations were found with the hematocrit 

level during dialysis on AVLT Trial 4 (~ = '.28, g <.05) and 

the Immediate Recall Trial of the AVLT (~ = .30, g <.05). 

All other correlations indicated weak relationships. 

KT/V. The mean KT/Vin the sample was 1.5 (fill. .22) 

with a range of 1.2 to 2.3. Moderate correlations were 

noted with KT/V levels and TMT A results before(~= .46), 

during (r = .40), and after(~= .44) dialysis. Prior to 

dialysis, KT/V was moderately correlated with TMT B results 

(r = .31) but not during and after dialysis test times. 



Table 5 
Correlations of Aluminum. Hematocrit. and KTL~ with Cogniti~e function T~st Results 

TMT TMT AVLT TRIALS' 
A B 1 2 3 4 5 TOT 6 7 8 Rec 

Aluminum 

Before .03 .05 -.24 -.18 -.22 -.11 -.16 -.17 -.12 -.12 -.17 -.22 

During .05 .07 -.20 - .26 - . 33• -.21 -.24 - . 29• -.09 -.17 -.17 -.20 

After -.01 -.04 -.07 -.16 -.14 · -.15 -.10 -.14 - . 27• -.12 -.24 -.07 

Hematocrit 

Before .02 .04 .05 -.13 -.06 -.25 -.16 -.14 -.01 -.13 -.10 -.17 

During -.12 .04 .03 -.13 -.17 - . 20· -.13 -.17 .23 - . 30• .21 .03 

After -.02 .07 .01 -.01 -.06 -.03 -.07 -.04 .05 -.18 -.06 - . 0,4 

KT/V 

Before . 46° . 31• -.13 -.19 -.10 -.01 -.02 -.12 - . 29• -.01 .11 .14 

During . 40• .18 .11 .16 -.02 .12 .04 09 -.05 .03 .15 .03 

After . 44• .21 -.16 -.05 -.01 .04 -.08 -.05 .01 .06 .03 .06 

~ 'Legend: TOT= Total recalled; Trial 6 = Interference Trial; Trial 7 = Immediate Recall Trial; 

Trial 8 = Delayed Recall Trial; Rec= Recognition Trial. 

~ <.05 

.... 
N 
CD 
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These correlations indicated that higher dialysis adequacy 

values were associated with poorer attention function. KT/V 

was also moderately(~= .29) correlated with AVLT 

performance on the Interference Trial before dialysis. 

Although moderate, the correlations were significant at the 

~ <.05 level. With the exception of the correlations with 

TMT A performance, there was no pattern of relationships 

between KT/V and cognitive function. 

Summary 

This chapter presented the results of the data 

analysis. Description of the sample provided an overview of 

the characteristics of the 52 subjects who completed the 

study protocol. Two hypotheses were tested. Hypothesis one 

was analyzed by repeated measures ANOVA. The hypothesis was 

not supported by the findings of this study. Hypothesis two 

was analyzed using multiple regression and was also not 

supported by the findings of this study •. Analysis of 

additional findings included comparison of subject 

performance with the dependent variables and established 

normal values. This analysis revealed that subject 

attention and memory function was significantly impaired 

when compared with normal reference values in most, but not 

all, variables at all three levels of the independent 

variable. 

Despite the lack of support for the study hypotheses, 

the results of the study provide additional information 
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regarding the relationships between cognitive function of 

individuals on hemodialysis therapy and time in relation to 

the dialysis treatment session. Analysis of treatment and 

disease related variables included in the study provided 

information regarding the effect of the variables on 

cognitive ~unction before, during, and after dialysis. 

Discussion of the study results and recommendations.for 

pract~ce and further research are presented in Chapter 6. 



Chapter 6 

Discussion 

This study sought to determine if cognitive function 

varied according to time on dialysis and if serum levels of 

urea nitrogen (BUN), creatinine, and carbon dioxide were 

predictive of cqgnitive function results. An interrupted 

time series with non-equivalent dependent variables design 

was used. Attention and memory were measured in 52 subjects 

before, during, and after a hemodialysis treatment session. 

Serum analysis of the physiologic variables was done at the 

same times. Results indicated that there was no significant 

difference in cognitive function among the three time 

periods despite significant decreases in BUN, creatinine, 

and carbon dioxide. Results did indicate that attention and 

memory of the subjects differed significantly from age and 

gender norms at all three data collection times. 

Interpretation of Findings 

Attention 

There were no studies reported in the literature that 

measure attention in individuals on hemodialysis before, 

during, and after a treatment session. However, studies 

that measured cognitive function at more than one time in 

relation to a dialysis treatment session or before a 

131 



.dialysis treatment session were available with which to 

compare the study results. 
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Smith and Winslow (1990) measured attention before and 

during a hemodialysis session. In contrast to the findings 

in this study, Smith and Wihslow found that attention was 

significantly better before as compared to during dialysis. 

The researchers used a single attention test, the Number 

Connection Test (NCT), an instrument derived from and 

described as a form of the TMT A. Their findings indicated 

that subjects required an average 17 seconds longer to 

complete the attention test during (98 seconds) as compared 

to before dialysis (81 seconds). In addition, the study 

results indicated that subject performance on the NCT was 

longer than the scores for a normal comparison group 

obtained by the developer of the NCT. 

Although it was difficult to compare this study's 

results directly with those from Smith and.Winslow (1990), 

it was apparent that the results from this study did not 

support the findings from Smith and Winslow. The previous 

study found that attention declined significantly from 

before to during dialysis while this study found that there 

were no significant differences between the two times. In 

addition, if the NCT and TMT A are highly similar as 

described, the average difference in the two study samples 

in their performance on the attention task was striking. 

The sample in this study required an average of 50 seconds 
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to complete the attention task before dialysis while the 

previous sample required an average of 81 seconds. During 

dialysis, this study sample completed the attention task in 

an average 51 seconds while the previous sample required an 

average 98 seconds. The wide discrepancy may indicate that 

the sample in this study was less cognitively impaired 

overall than Smith and Winslow's sample. The difference may 

also be due to sample characteristics. The samples were 

quite different in terms of age (mean 45 vs 49 years) and 

time on dialysis (mean 12 months vs over 6 years). Smith 

and Winslow did not report education, gender, or ethnic 

characteristics of the sample, therefore, it was not 

possible to evaluate potential differences due to these 

variables. The previous study also did not include any 

physiologic parameters, so that any effects due to 

differences in dialysis adequacy or hematocrit could be 

determined. 

Finally, the difference in the previous and this study 

results may, at least in part, be due to differing methods. 

All measures of attention in this study were done in the 

hemodialysis unit with the individual seated in the dialysis 

chair. In the Smith and Winslow (1990) study, subjects 

completed the before dialysis measure seated at a desk in an 

office and completed the during dialysis measure seated in 

the dialysis chair using a clipboard. As a result, the 

decline in task performance from before to during dialysis 
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could be partly due to psychomotor differences or be a 

measure of attention with and without distractions present 

in a dialysis unit. It is impossible to estimate the 

contribution of the different environment on attention, 

although it is reasonable to suggest that the poorer 

attention during dialysis could reflect distractions in the 

environment and not the dialysis treatment itself as 

concluded by the authors. The results of the current study 

indicated that attention function, while impaired when 

compared to age-related normal reference values, was stable 

throughout the dialysis treatment. 

Other studies that included a pre dialysis attention 

measure using TMT A and B yielded results that were 

consistent with this study. Wolcott et al. (1988) found 

that hemodialysis patients performed less well on TMT A and 

B than normal controls with a mean completion time of 58 and 

163 seconds respectively. The study population was similar 

in terms of education level (12.3 years) but was older (mean 

50 years) and on hemodialysis longer (mean 70 months) than 

this study. The samples also differed by ethnic origin and 

gender. Wolcott et al.'s sample was 65% male and 71% white 

as compared to the sample in this study, which was 52% male 

and 19% white. Physiologic differences ,may also explain 

some, of the variation in attention task co111pletion times. 

The Wolcott et al. sample had higher pre dialysis BUN (79 vs 

41.1 mg/dl) and creatinine (14.0 vs 9.4 mg/dl), but lower 
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hematocrit (31.5% vs 34.25%) levels. Despite the potential 

impact of the physiologic and demographic differences, the 

overall completion time results of this and the Wolcott et 

al. study were similar. Both studies indicated that 

attention function was impaired pre-dialysis, but to a 

lesser extent than that noted by Smith and Winslow (1990). 

Ratner et al. (1983) also included pre dialysis 

measures of attention in a study that investigated numerous 

cognitive functions. The researchers found that 

performance on TMT A was moderately (mean 53 seconds) to 

mildly (mean 40 seconds) impaired at two pre dialysis times. 

Performance on TMT B was found to be severely impaired at 

both pre dialysis times (no completion time data provided). 

Although the discrepancy in TMT A results may, as noted by 

the study's authors be due to a pract~ce effect of using the 

same form of the test, the first pre dialysis measure (not 

subject to the practice effect) was quite similar to the 

findings in this study. In both the Ratner et al. and this 

study, the pre dialysis TMT A performance was significantly 

different from normal, indicating a decrease in patient's 

attention ability when compared to healthy individuals. 

Also, like the present study, subject performance on TMT B 

was significantly impaired. The sample in the study by 

Ratner et al. was similar in.age to this study population 

(mean 46.5 years). Demographic differences included a 

larger number of male subjects (70%) and individuals on 
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dialysis therapy longer (mean 39.7 months) in the Ratner et 

al. study. The education level and ethnic characteristics 

of the Ratner et al. sample was not reported. 

A study by McKee et al. (1982) provided a final 

comparison of pre dialysis attention function. The 

researchers found that individuals on hemodialysis an 

average of 6 months completed the TMT A in about 85 seconds 

and the TMT Bin about 210 seconds. Subjects in the study 

on hemodialysis an average of over 4 years completed the 

TMT A in about 63 seconds and the TMT Bin about 175 

seconds. It was difficult to determine the specific 

characteristics of the subjects within the two groups. The 

total sample was an average 45.4 years of age with a mean 

education level of 10 years. Gender and ethnic background 

were not described. Thus, McKee et al.'s sample and the 

sample in this study were similar in gender and age but not 

in education. Despite these differences, pre dialysis 

attention was found to be impaired when compared with normal 

values, which was consistent with the findings of this 

study. 

The impairment of attention function noted in all of 

the study samples, including this study, indicated that 

individuals on hemodialysis have decreased attention 

function when compared to normal reference values. In 

addition, individuals exhibited significant difficulty 

shifting between numbers and letters, as evidenced by the 
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highly significant (J;!. <.001) differences in TMT,B scores 

when compared to normal reference values. TMT Bis a more 

complex attention task that requires more information 

processing ability than TMT A (Reitan, 1986). 

Lezak (1983) noted that abnormal results on TMT A and B 

indicated a generalized brain damage and distinguished 

normal from pathological function. Information about the 

effects of ESRD on brain function are frequently described 

as a generalized, diffuse impairment of neural function 

(Biasioli et al., 1986). Subject performance in this study 

on TMT A and B indicated that ESRD continued to exert a 

negative effect on brain function despite adequate dialysis 

therapy (mean KT/V 1.5), absence of severe anemia (mean 

hematocrit 34.2%) and well controlled serum aluminum (mean 7 

mcg/L). In addition, the lack of strong or significant 

correlations between hematocrit levels and cognitive 

function in this study sample failed to support Nissenson's 

(1996) assertion that anemia played a major role in 

cognitive function. The finding that KT/V was positively 

(and in some cases significantly) correlated with TMT A and 

TMT B performance at all three times was surprising. The 

positive correlation indicated that higher scores on TMT A 

and B (indicating attention impairment) were related to 

higher KT/V levels (indicating adequate dialysis). It was 

expected that a negative correlation would exist because 

adequate dialysis, which decreases the level of uremia, was 



138 

postulated to result in "better" attention function. Thus, 

the beneficial effect of adequate dialysis on attention was 

not demonstrated in this sample. 

The lack of significant change in attention function 

among the three testing times indicated that the cognitive 

function was not immediately affected by a hemodialysis 

treatment despite significant changes in the serum levels of 

urea nitrogen, creatinine, and carbon dioxide. The average 

time of completion varied by less than 3 seconds on TMT A 

and 7 seconds on TMT B across the three time periods. 

Certainly the lack.of a pattern of significant decline or 

improvement on both tests indicated that physiologic changes 

that occurred during hemodialysis were not sufficient to 

result in measurable change in simple or more complex 

attention functions. In addition, comparison data that were 

available from the pre dialysis measures in the Wolcott et 

al. (1988), Ratner et al. (1983), and McKee et al. (1982) 

studies did not indicate an overall decline or improvement 

in attention pre dialysis. There has apparently been little 

change in pre dialysis attention function despite current 

therapy practices that are focused on dialysis adequacy and 

treatment of anemia. As a result, the conclusion from this 

study was that attention was decreased in individuals on 

hemodialysis and that attention function was stable 

throughout the treatment session. The impact of physiologic 

variables on attention was not demonstrated. 
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Cimprich (1992) suggested that internal physiologic and 

external environmental stimuli may provide distractions that 

attract involuntary attention and thus impair directed 

attention. This study was unable to determine potential 

internal distractions. The study was, however, conducted in 

an environment that may have been rich in external 

distracting stimuli. All study measures were completed in 

the hemodialysis unit, an environment that includes 

hemodialysis machine noises, alarms, conversation, and the 

almost constant movement of staff. The investigator 

reasoned that the environmental activity in the dialysis 

unit would not be distracting for the study sample because 

subjects had bee'n on dialysis for at least 16 months, so that 

the noise/activity in the unit would be part of the 

customary dialysis treatment experience and not provide 

distractions. This reasoning may have been faulty. The 

investigator did not notice any obvious behavior in the 

subjects that indicated a break in sustained attention. 

However, the slower than normal completion time on the 

attention tasks when compared with normal reference values, 

may, in part, be due to environmental distraction. 

Despite the role that distraction may have played in 

decreased scores on the tasks, it is unlikely to explain the 

large discrepancy between normal and subject performance on 

TMT B. It is more likely that the highly significantly 

impaired TMT B performance at all three times was due to the 
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complex cognitive tasks. 

140 

A final aspect of the sample's performance on the 

Trailmaking Tests related to the visual and psychomotor 

skills needed for the tasks. Both Tests required, 

individuals to connect numbers or numbers and letters on an 

8 1\2 x 11 inch sheet of paper. Certainly if visual acuity 

was poor or if significant psychomotor defects were present, 

subject performance was compromised. None of the subjects 

in this study had apparent visual or psychomotor defects 

during study completion. Visual acuity was verified at the 

time of study consent when subjects read a paragraph of the 

consent form out loud. Apparent visual and psychomotor 

deficits would have been detected ih subject's difficulty 

signing the consent form or in completing the practice forms 

of the Trailmaking Tests prior to each data collection 

period. Therefore, it was unlikely that these variables 

affected attention task performance. 

Memory 

There were no reports in the literature that compared 

memory in ESRD patients on hemodialysis at more than one 

time in relation to a dialysis treatment session. Only one 

study in the literature that used the AVLT provided data for 

comparison with this study. Wolcott et al. (1988) evaluated 

memory function pre dialysis in a small group of 

hemodialysis patient using Trials 1 - 5 of the AVLT. The 
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findings of this and Wolcott et al.'s study were similar, 

with the hemodialysis sample in Wolcott et al.'s study 

learning about one word per Trial less than the current 

study. When compared with norms, Wolcott et al.'s findings 

were consistent with the findings of abnormal memory 

function found in this study, with the exception of Trial 5. 

This study noted that individuals were not significantly 

different from normal by Trial 5 pre dialysis whereas the 

previous sample continued to demonstrate abnormal function. 

The continued apparent abnormal function may have partly 

been due to age-related differences (range 20 - 73 years) 

rather than disease-related differences. Unfortunately, 

Wolcott et al. did not include the recall and recognition 

Trials in their study. Other researchers that investigated 

memory function pre dialysis (McKee et al., 1982; Ratner et 

al., 1983; Teschan et al., 1979) also found memory to be 

abnormal in their study samples. Because of the differences 

in methods and instruments used in these and the current 

study, it was difficult to clearly identify how results from 

the previous studies compared. 

One of the strengths of the AVLT is that it allows the 

examination of an individual's learning curve (Crawford et 

al., 1989; Lezak, 1983). Lezak noted that normal 

individuals learned about 5 words from Trial 1 to 5, 

recalled 1 to 2 fewer words on Immediate Recall, 

demonstrated minimal forgetting on Delayed Recall, and 



142 

increased the Delayed Recall Trial score by 3 to 4 words on 

the Recognition Trial. Lezak further identified that most 

brain damaged patients showed a learning curve over the 5 

Trials and that learning ability was demon.strated if tl,e 

gains on Trial 5 did not decrease by more than 3 words on 

the Delayed Recall. Greater losses than 3 words on the 

Delayed Recall Trial reflected either a retention or 

retrieval problem. When the Recognition Trial was added to 

the analysis; SlfbStilntialiy better performance on the 

Recognition Trial compared to Trial 5 and Delayed Recall 

demonstrated a retrieval· problem. 

The normal learning curve as described by Lezak (1983) 
I 

from Trial 1 to 5 was present in the sample at all three 

times in the study. Although subjects repeated fewer words 

than normal on Trials 1 to 4, consistent gains were 

demonstrated and normal function was attai~ed by Trial 5 

before and during dialysis. Subjects also' recalled fewer 

words than normal on the Immediate Recall Trial, but did not 

demonstrate a retention or recall problem pn the Delayed 

Recall Trial. Learning ability at all three times was 
I 

demonstrated by minimal forgetting from Immediate to Delayed 

Recall and by the lack of significant loss' from Trial 5 to 

Delayed Recall. Once the information was learned, subjects 

were able to retain and retrieve the information for further 

use.. The Recognition Trial further validated that a 

learning curve was present, as subjects recognized three to 
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four words more than during the Delayed Recall Trial. 

Finally, subjects scores on the Interference Trial were 

similar to the scores on Trial 1 at ail three times in the 

study. The similarity indicated that subsequent learning 

was not hampered by the retention of previously learned 

material (Spreen & Strauss, 1991). Thus, despite overall 

abnormal memory function, subjects demonstrated an ability 

to learn new information throughout a dialysis treatment 

session. 

BUN creatinine. carbon dioxide 

Results of this study demonstrated that BUN and 

creatinine decreased significantly at each time during the 

hemodialysis treatment session and that carbon dioxide was 

significantly decreased from before to after dialysis. 

These changes were expected as a result of the hemodialysis 

therapy. However, despite the significant changes in uremia 

in the internal environment, the decreased level of waste 

products did not have any significant effect on attention 

and memory function. 

The absence of a relationship among serum BUN, 

creatinine, and carbon dioxide and cognitive function test 

results was not expected. The review of the previous 

research and theoretical literature about the effect of 

-dialysis on cognitive function indicated that dialysis 

therapy improved cognitive function, presumably due to a 

decreased level of uremia. It was reasoned, then, that 
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decreasing uremia during a dialysis treatment, as evidenced 

by BUN, creatinine, and carbon dioxide, would provide 

information about how a dialysis treatment effects cognitive 

function. The study findings did not support this 

reasoning. 

A possible explanation for the absence of an effect of 

the physiologic variables was that even the significantly 

lower levels of BUN, creatinine, and carbon dioxide that 

were reached by the end of dialysis were still high enough 

to provide a residual negative effect on attention and 

memory function. In Teschan et al. (1979), a low azotemic 

group (creatinine < 10 mg/dl, range 2 - 10) not on dialysis 

demonstrated significantly poorer memory than normal 

controls. While the highest average creatinine in this 

study sample was 9.35 mg/dl pre dialysis and the lowest was 

4.31 mg/dl post dialysis, these values were higher than 

normal (not> 1.2 mg/dl) and could reflect a consistent or 

baseline effect on cognitive function. 

Although the purpose of this study was to examine the 

effect of physiologic variables on cognitive function, other 

information was learned that may be useful in determining 

factors that effect attention and memory in hemodialysis 

patients. The conceptual model proposed in this study 

(Figure 1) suggested that attention and memory were 

dependent on the effects of ESRD, the effects of 

hemodialysis treatment, and psychological factors. Data 
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from this study suggested that additional relationships that 

were not considered in the original conceptual framework 

need to be considered in the model. Specifically, the model 

needs to be revised to include demographic variables that 

may affect attention and memory. For example, data from 

this study indicated that education level played a ro~e in 

memory function. The effects of age have been noted in the 

general cognitive function literature and needs to be 
' 

explored in the hemodialysis patient population. The 

potential effects of ethnic origin and socioeconomic status 

have been poorly addressed in the cognitive function 

literature in ESRD and need to be considered. The inclusion 

of demographic variables in the conceptual model may provide 

a more complete understanding of cognitive function in 

individuals with ESRD. 

Implications 

The major finding in this study, that attention and 

memory function did not vary significantly before, during, 

or after a hemodialysis treatment session has implications 

for nephrol~gy nursing practic~. This investigator hoped to 

determine if there was a "best" cognitive ··time while the 

individual was on hemodialysis and available for teaching 

interventions. While a best:time was not found, the finding 

that cognitive function was only mildly impaired and stable 

was important.' Nephrology nurses and other health care 

professionals are present in the hemodialysis unit 
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throughout the patient's treatment session. Many patients 

arrive for therapy early and may wait to be put on the 

machine either in the unit waiting area or in the dialysis 

unit itself. During the treatment session, patients perform 

a variety of activities including reading, watching 

television, conversing with fellow patients and staff, and 

sleeping. After the treatment session, most patients leave 

the unit fairly quickly or wait in the unit waiting area for 

transportation home. At each or any of these times, 

patients could participate in education interventions 

according to staff availability and patient and staff 

motivation. 

In current practice, most patient education is 

conducted during the dialysis treatment session. Unit staff 

may consider the before and after dialysis time frames less 

desirable for teaching. This may be due to more intense 

direct patient care needs at these times or presumed lack of 

patient motivation or ability to learn due to uremia or 

immediate negative effects of a treatment. Physiologically, 

however, the patients may be as receptive to education at 

these times as during treatment. As a result, staff need to 

be alert for opportunities and patient motivation to learn 

at all times the patient is at the hemodialysis unit. 

The results of the study also indicated that with very 

few exceptions, subjects exhibited abnormal attention and 

memory function when compared to healthy individuals. 
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However, while not within normal comparison limits, subjects 

demonstrated adequate basic attention function to support a 

learning curve that'demonstrated acquisition, retention, and 

retrieval of new information. Data indicated that 

repetition of information over a short period of time during 

which the individual was asked to recite the information 

learned resulted in minimal forgetting after a short time 

delay and an ability to retrieve the information that was 

learned. Thus, this study provided research-based data to 

support specific teaching strategies. 

Much of the patient teaching in a dialysis unit is done 

via verbal interaction. Baer (1995) recommended repetition 

of information and the review or rehearsal of information as 

critical teaching strategies when working with ESRD 

patients. Therefore, educators need to assure that patients 

not only listen to the information more than once, but that 

patients verbalize the information. The patient's verbal 

recall of the information facilitates storage of the 

information in short term memory. Therefore, repetition by 

both the teacher and the learner fosters the cumulative 

learning curve demonstrated in this study. Nephrology 

nurses and other health care professionals need to 

incorporate specific repetition and rehearsal opportunities 

into their patient education approaches, especially if the 

patient is expected to repeat the information at a later 

time ( e.g. potassium rich foods, new medication dosages). 
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Recommendations for Research 

There were no studies identified in the literature that 

measured cognitive function at three times during a 

treatment session. The results of this study differed from 

the single study that measured cognitive function at two 

points in time related to a treatment session. Although 

similar tools were used to measure attention, the methods 

employed in this study were different from the preceding 

study. In addition, this study attempted to control for age 

and time on dialysis therapy variables, which were not 

controlled in previous research. Given the differing 

findings, this study needs to be replicated to provide 

support for or refute the study findings. Future 

replication studies also need to be conducted that focus on 

elderly patients, as individuals over the age of 65 years 

become an increasingly larger percentage of the patients on 

hemodialysis. It is especially important that future 

studies that seek to make recommendations concerning 

learning be conducted in environments where teaching 

interventions are actually implemented. 

This study indicated that attention and memory were 

decreased when compared to reference values from healthy 

individuals. However, the study also demonstrated that 

although not normal, attention was sufficient to support 

memory function and that learning and retention of 

information did, indeed, occur at all measurement times. 
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Therefore, research studies that focus on individuals 

actually learning specific information need to be conducted 

and compared across time. In addition, teaching 

strategies/methods at each of the times in relation to the 

hemodialysis treatment session need to be investigated to 

determine if some strategies foster learning in comparison 

to other strategies. 

Previous studies (Hart et al., 1983; Wolcott et al., 

1989) indicated that scores on attention and memory tasks 

were within normal limits the day between dialysis treatment 

sessions. Given the data in this study that attention and 

memory are impaired throughout a dialysis treatment session, 

studies that investigate patient learning on non-dialysis 

days compared to dialysis days need to be conducted. Such 

studies could focus on patient willingness or motivation to 

learn, teaching strategies, evaluation of learning outcomes, 

and patient preferences regarding how or when teaching 

interventions should be implemented. 

A fourth recommendation for future research is that the 

assessment of cognitive function needs to be done across all 

therapy modalities for ESRD. Although some research has 

been reported with patients on continuous ambulatory 

peritoneal dialysis (Wolcott et al., 1988; Temple, Deary, & 

Winney, 1995), individuals on other forms of peritoneal 

dialysis and transplanted patients have not been studied. 

Such studies may clarify the ongoing effects of ESRD on 
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cognitive function as opposed to the effects of the 

treatment modality. Also, in light of the large number of 

insulin dependent diabetic individuals on dialysis, research 

that investigates the differential effects of the available 

treatment modalities and the impact of diabetes and blood 

glucose ·control on cognitive function and learning is needed 

to determine if there are any differences in diabetic as 

opposed to non-diabetic patients. 

Additional research into the role of anemia and 

dialysis adequacy in cognitive function also needs to be 

conducted. While studies indica"ted the beneficial effect of 

erythropoietin therapy-on cognitive function before versus 

after,treatment, results were mixed regarding whether 

cogni t_ive function returns to normal, and the level of 

hematocrit needed to optimize cognitive function. The 

effect of dialysis adequacy on cognitive function has not 

been clearly addressed in the research literature. Dialysis 

adequacy needs to be investigated in terms of both 

prescribed and delivered dialysis. This study failed to 

demonstrate a significant relationship among hematocrit, 

dialysis adequacy, and cognitive function.· 

Finally, in planning future research studies, 

instruments used to measure cognitive function need to be 

evaluated carefully. The instruments used in this study 

were standardized, norm referenced tools that provided a 

general evaluation of cognitive function. However, the 
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tasks completed by the subjects had little relevance to the 

information that ESRD patients on hemodialysis are taught 

and need to remember in the clinical setting. Therefore, 

research tools that are more congruent with clinical patient 

learning situations and that are sensitive indicators of 

attention and memory need to be identified and/or developed. 

Tools that incorporate knowledge as well as cognitive 

function are needed. 

Summary 

The overall findings of this study indicated that both 

attention and memory were mildly impaired in individuals on 

hemodialysis and that cognitive function did not vary during 

a hemodialysis treatment session. Despite abnormal 

function, individuals on hemodialysis demonstrated the 

ability to learn, retain, and recall information throughout 

the time patients were available for teaching interventions 

in the dialysis unit. The positive value of repetition and 

immediate recall of information as patient education 

strategies was reinfqrced. Additional research that 

investigates specific learning strategies and research 

across treatment modalities was recommended. 
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Title of Project cognitive Function in Individuals with 
End-Stage Renal Disease on Hemodialysis 

Name of Principal Investigator Mary Schira. RN. MSN 

I have been asked to take part in a research study on 
the cognitive ft.motion of people with kidney failure . 
Cognitive function is the ability to pay attention and to 
remember information. The purpose of the study is to find 
out if there is a difference in cognitive function before, 
during, and after a dialysis treatment. I understand that I 
have been asked to take part in the study because I have 
kidney failure and have been on hemodialysis for 6 to 18 
months. I also understand that I am one of 60 people to 
participate in this study. 

I have been asked to complete three tests of cognitive 
function at three different times. The tests will be done 
within 30 minutes before a dialysis trea~ment, 60-90 minutes 
after the start of a dialysis treatment, and within 30 
minutes after a dialysis treatment is over. I will complete 
the tests in the dialysis unit, seated in the dialysis 
chair. Two of the tests are paper-and-pencil tests that 
require me to connect numbers to numbers and letters to 
numbers in order. The third test requires me to listen to 
and repeat lists of words and to circ~e the same words on 
another word list. The tests take about 20 - 30 minutes to 
complete each time. Therefore the total amount of time to 
take part in the study is about an hour and a half. Three 
dialysis treatments will be needed to complete the study. 

I have also been asked to let the researcher have about 
two teaspoons (10cc) of my blood. The blood will be taken 
when my dialysis needles are in place. I will not be stuck 
with a needle to get the blood. The blood will be taken at 
the same time I do the cognitive function tests and about a 
half teaspoon (3cc) will be taken each time. 

I understand that I will not be paid for taking part in 
this study. There are no costs to me during the study. I 
will participate on days I am scheduled for dialysis. I 
understand that there are no suspected physical or emotional 
risks to taking part in the stµdy. I also understand that 
there are no direct benefits to me for taking part in the 
study. The potential benefit of my participation is to 
other people with kidney failure. 

I understand that the results of the cognitive function 
tests will be kept confidential by the researcher unless 
required by law. I will not be personally identified in any 
written or verbal presentation of the results of this study. 
I also understand that Mary Schira, RN, MSN, who can be 
reached at (817) 272-2776 will answer any other questions I 
may have at any time about the study. If I have questions 
or concerns about my rights as a research subject, I may 
contact Dr. George Schuster at (706) 721-2991. 



My participation in this study is voluntary. I 
understand that I may revoke my consent and withdraw from 
the study now or at any time in the future. If I decide to 
withdraw from the study, my care in the dialysis unit or 
other benefits to which I am otherwise entitled will not be 
affected in any way. 

The risks and benefits to me, if I participate in this 
study, have been explained. I have had the chance to ask 
questions and these have been answered. 

Subject's Signature Date 

Witness Date 

Principal Investigator's Signature Date 
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RAVL T Sample Scoring Sheet 

Name: ----------------
Date:------------------

Examiner: ------------------

(Note: Do not re-read List A for Recall Trial A6 or An 
-List A Recall Trials 

Al A2 -M • A4 A5 List B 
drum 
curtain 

bell 
coffee 

school 
parent 
moon 
garden 

hat 
farmer 
nose 
turkey 

color 
house 
river 

# correct 

Total Al to AS= -
Trial A6 - AS = __ 

desk 
ranger 

bird 
shoe 
stove 
mountain 
glasses 

towel 
cloud 
boat 
lamb 
gun 
pencil 
church 

fish 

Recognition # targets correctly identified __ _ 
# distractors correctly identified __ _ 

Word List for Testing RAVLT Recognition1 

beU (A) home (SA) 
window (SA) fish (B) 
hat (A) moon (A) 
bam (SA) tree (PA) 
ranger (8) balloon (PA) 
nose (A) bird (B) 
weather (SB) mountain (B) 
school (A) coffee (A) 
hand (PA) mouse (PA) 
pencil (B) river (A) 

towel (B) 
curtain (A) 
flower (SA) 
color (A) 
desk (B) 
gun (B) 
crayon (SA) 
church (B) 
turkey (A) 
fountain' (PB) 

Recall Trials 
B1 A6 

boat (B) 
hot (PA) 
parent (A) 
water (SA) 
farmer (A) 
rose (SPA) 
cloud (B) 
house (A) 
stranger (PB) 
garden (A) 

A7 
drum 

curtain 

bell 
coffee 
school 
parent 
moon 

garden 

hat 
fanner 

nose 
turkey 

color 
house 

river 

glasses (B) 
stocking (SB) 
shoe (B) 
teacher (SA) 
stove (8) 
nest (SPB) 
children (SA) 
drum (A) 
toffee (PA) 
lamb (B) 

'Source: Lezak (1983). (A) words from list A; (B) words from list b; (S) word with a semantic association 
to a word on list A or Bas indicated; (P) word phonemically sinular to a word on fist A or B. 



List A 
DOLL• 
MIRROR 
NAIL 
SAILO~ 
HEART 
DESERT 
FACE 
LffiER 
BED 
MACHINE 
MILK 
HELMET 
MUSIC 
HORSE 
ROAD 

Recognition list 
NAIL ENVELOPE 

CAR SAND 
BED 
PONY 
JESTER 
MILK 
PLATE 
HEART 
JAIL 
INSECT 

FACE 
TOAD 
SILK 
HILL 
FOREST 
SAILOR 
DART 
ROAD 

Crawford Version of RAVLT 

LADDER 
MIRROR 
SCREW 
MUSIC 
DISH 
PIE 
WOOD 
BALL 
HELMET 
STOOL 

Interference I.1st 
DISH 
JESTER 
HILL 
COAT 
TOOL 
FOREST 
WATER 
LADDER 
GIRL 
FOOT 
SHIELD 
PIE 
INSECT 
BALL 
CAR 

FOOT 
BREAD 
DESERT 
STREET 
MACHINE 
HEAD 
GIRL 
HORSE 
SOOT 
LmER 

WATER 
JOKER 
COAT 
CAPTAIN 
TOOL 
FLY 
SONG 
DOLL 
STALL 
SHIELD 



Alternate Form of the Rey Auditory Verbal Learning Test 

List C Interference List 

Book Bowl 
Flower Dawn 
Train Judge 
Rug Grant 
Meadow Insect 
Harp Plane 
Salt County 
Finger Pool 
Apple Seed 
Chimney Sheep 
Button Meal 
Log Boat 
Key Bottle 
Rattle Peach 
Gold Chair 

Recognition List 

Train Crib Pool Sheep County 
Plant Chair Flower Opal Give 
Apple Salt Thumb Harp Grant 
Fireplace Slug Key Metal Field 
Dawn Malt Bowl Chimney Insect 
Button Judge Boat Brook Wool 
Sprout Plane Lock Seed Zipper 
Meadow Rug Peach Rattle Book 
Shower Cattle Log Drawn Bold 
Bottle Gold Lane Finger Meal 
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DEMOGRAPHIC/PHYSIOLOGIC DATA 

Subject Name 

Age __ _ Gender F 

Race -------
Last year of school completed ___ _ 

ESRD etiology 

Months on hemodialysis 

Hematocrit 

Glucose 

Kt/V __ Aluminum 

---

Pre Dialysis Intra Dialysis 

Date 

BUN 

Creatinine 

Carbon dioxide 

Length of session 

Number 

M 

·Post Dialysis 




