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ABSTRACT 

This study sought to determine whether significant 

changes occur in dialysands' ability to (a) immediately 

recall verbal information, (b) acquire verbal material to 

a criterion of one errorless trial, and (c) remember 

previously learned information after a 15-minute retention 

interval across the interdialytic cycle. Previous re

search indicates that memory functioning is mildly, to 

moderately impaired and fluctuates from one dialysis 

treatment to the next. However, no study reviewed to date 

was found to assess memory adequately. Investigators 

consistently failed to control for original learning. 

Instead, determinations about memory dysfunction have been 

made after presentation of information only once. An 

exploratory examination of organizational strategies also 

was undertaken in the present study. Since negative 

affective states are known to impact adversely on learning 

and memory performance, mood was also examined. 

Eighteen dialysis patients with various types of 

renal disease were administered alternate forms of a free 

recall learning test (FRLT) and the Profile of Mood Scale 

on two consecutive days: immediately prior to their 

midweek dialysis treatment (predialysis) and approximately 
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24 hours after their dialysis treatment (postdialysis) . 

To minimize the effects of practice, treatment order was 

completely counterbalanced. Order of test administration, 

however, was incompletely counterbalanced. Serum chemis

tries (blood urea nitrogen and creatinine) were obtained 

after each testing session. 

Pre- to postdialysis performance differences in 

immediate memory, acquisition, retention, and subjective 

organization were not observed. Immediate memory span was 

within normal limits. All subjects learned the FRLTs to 

criterion and recalled an average of 87 percent of the 

previously learned material. Subjective organization had 

little effect on acquisition and recall of the FRLTs. 

Serum chemistries did not correlate with any of the 

performance measures. Despite significant daily changes 

in serum levels of toxic renal metabolites, there was no 

evidence to suggest that learning and memory functioning 

fluctuate across the interdialytic cycle. Significant 

intercorrelations between immediate memory and acquisition 

were observed. This finding cautions against making 

determinations about memory dysfunction in dialysis 

patients, especially if the material is presented only 

once and it exceeds their immediate memory span. Mood was 

not seen to play any role in dialysands' learning and 

memory performance. 
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CHAPTER I 

INTRODUCTION 

Intellectual and neuropsychological dysfunction are 

the hallmark of chronic renal failure. Neurobehavioral 

impairment is characterized by deficits in concentration, 

attention, arithmetic ability, visuo-motor speed and 

integration, nonverbal abstracting ability, and erratic 

short- and long-term memory (Marshall, 1979). Although an 

individual who is maintained on hemodialysis experiences 

many stresses, the most devastating symptomology--symp-

tomology which limits his/her "functional rehabilita

tion"— is a direct result of disordered central nervous 

system function (Ginn, 1975) . In fact, cognitive dys

function is usually the first sign that dialysis is 

clinically indicated (Teschan, 1975). These symptoms, 

however, are quickly and dramatically improved with 

intermittent hemodialysis treatment (Ginn, 1975). The 

extent to which the neurobehavioral impairments secondary 

to uremia are alleviated and controlled by maintenance 

dialysis is an important criterion from which to determine 

the effectiveness or adequdcy of this treatment (Ginn, 

1975; Ginn et al., 1970; Teschan et al., 1974). Clearly, 

the degree of improvement will influence the degree to 



which the patient will be able to make the necessary 

physical, emotional, vocational, and social adjustments 

required for successful adaptation to maintenance dialysis 

(Osberg, Meares, McKee, & Burnett, 1982a). To this end, 

researchers and clinicians have concerned themselves with 

establishing a scientific data base from which to assess 

the extent to which hemodialysis ameliorates or reverses 

the neuropsychological deficits associated with uremia. 

The present study is specifically concerned with the 

temporal effects of hemodialysis on acquisition and 

retention. However, before directly addressing this 

issue, it is necessary to: (a) briefly review the patho

physiology of CRF and the neuropsychiatric symptoms 

associated with uremia in the undialyzed, azotemic 

patient, and the neuropsychiatric symptoms associated with 

hemodialysis treatment itself; (b) generally review the 

nature, extent, and sequence of neuropsychological dys

function in undialyzed, azotemic patients and patients 

undergoing chronic maintenance dialysis; and (c) briefly 

review the relationship between the neurophysiological 

integrity of the brain and the severity of renal failure. 

Additionally, these reviews will consider the methodologi

cal difficulties in many of these studies, as well as the 

major methodological variables involved in medical re

search over which the experimenter has little control 



(e.g., small samples, age, education, and length of time 

on dialysis treatment). 

Pathophysiology of Chronic Renal Failure 
and Neuropsychiatric Changes 

Associated with Uremia 

Chronic renal failure (CRF) refers to the kidney's 

inability to perform its necessary functions due to a 

progressive destruction of nephrons (Baines, 1980; Guyton, 

1981) . Etiologic contributors to CRF include glomerulo

nephritis, pyleonephritis, analgesic abuse, cystic kidney 

disease, renovascular hypertension, diabetes mellitus, 

hereditary diseases, and others whose etiology remains 

unknown (Baines, 1980). CRF, irrespective of etiology, 

results in the accumulation of metabolic waste products 

derived from food and water intake. Consequently, the 

concentration of a variety of substances in the extra

cellular fluid is altered (Guyton, 1981; Teschan, 1970; 

Teschan, Ginn, Bourne, & Ward, 1977). This abnormal 

metabolic state described by Guyton (1981) and Baines 

(1980) is characterized biochemically by edema, acidosis, 

high concentration of nonprotein nitrogens (urea) , and a 

high concentration of other urinary excretory products 

including creatinine, uric acids, phenols, sulfates, 

guanidine bases, phosphates, and potassium. This condi

tion is referred to as uremia because of the high concen

tration of retained normal urinary excretory products 

collecting in the body fluids. As a direct result of this 



abnormal metabolic environment, patients with CRF often 

present with variety of pathophysiological complications, 

such as gastrointestinal, cutaneous, cardiovascular, 

hemalogic, pulmonary, skeletal, immunologic, and neuro

logic disorders (Baines, 1980; Freeman, 1975; Raskin & 

Fishman, 1976; Teschan, 1970). In essence, renal failure 

adversely affects all the body's organ systems (Ginn et 

al., 1975; Teschan, 1970). 

Clinically, the most salient feature of the uremic 

syndrome is a profound decompensation of neurological 

functioning. The mental status picture during acute renal 

failure is quite varied (Marshall, 1979), but as renal 

failure progresses the neurobehavioral manifestations 

become more characteristic. It is still unclear what 

metabolic end-product in the extracellular fluid is re

sponsible for the uremic encephalopathies. Many hypoth

eses, based on experimentally induced uremia, have been 

advanced to account for the neuropsychiatric changes. 

These include: (a) membrane permeability defects result

ing in disruption of the Na+-K+ pump (Fishman & Raskin, 

1967) ; (b) depressed Na+ stimulated, K+ dependent ATPase 

(Minkoff, Gaertner, & Darab, 1972) ; (c) decreased oxygen 

consumption (Heyman, Patterson, & Jones, 1951; Scheinberg, 

1954) ; (d) alterations of the blood-brain-cerebrolspinal 

fluid (CSF) barrier preventing the removal of endogenous 

organic metabolites (Raskin & Fishman, 1976; Tyler, 1975); 



and (d) nonspecific increase in cerebral membrane perme

ability, possibly allowing entry of small, water-soluble 

organic acids (Raskin & Fishman, 1976). While the 

etiology remains obscure, it appears clear that whatever 

the causes of uremic encephalopathy, they are complex and 

interacting (Tyler, 1975) . 

Although hemodialysis quickly reverses the neurobe

havioral manifestations of uremia, it is itself associated 

with acute and progressive encephalopathies (Burnett, 

McKee, Raft, Lipton, & Blythe, 1980; Marshall, 1979). Two 

major neurologic syndromes have been identified—the 

disequilibrium syndrome (Peterson & Swanson, 1964; Rosen, 

O'Connor, & Shaldon, 1964) and dialysis dementia (Alfrey, 

1978; Alfrey et al., 1972; Alfrey, LeGendre, & Kaehny, 

1976; Burks, Alfrey, Huddleston, Norenbert, & Lewin, 1976; 

Chui & Damasio, 1980) . The disequilibrium syndrome refers 

to an acute but temporary worsening of central nervous 

system function secondary to rapid clearance of urea from 

the blood and slower clearance of urea from the brain 

because of the blood-brain barrier. The disequilibrium 

syndrome can occur during or after a hemodialysis therapy 

session and is characterized by headaches, nausea, vomit

ing, increases in blood pressure, irritability, muscle 

cramps, and even seizures. Dialysis dementia is an 

irreversible, unremitting organic brain syndrome. Its 

symptomology includes memory disturbances, dyspraxia. 



speech disturbances, paranoid ideation, myoclonus, facial 

grimacing, and multifocal seizures. Average latency for 

this disease process is 2.5 years after onset of dialysis 

therapy (Chui & Damasio, 1980) and usually culminates in 

death approximately nine months after onset. A number of 

factors have been implicated as possible causes of dialy

sis dementia, including viruses (Burks et al., 1976), drug 

accumulation (Talcob & Needle, 1976), and the build-up of 

heavy metals (Alfrey et al., 1972; Blomfield, 1973). 

However, the most convincing evidence implicates aluminum 

toxicity as the etiology. Alfrey et al. (1976) and 

McDermott, Smith, Ward, Parkinson, and Kerr (1978) have 

found that aluminum content in the brain of patients dying 

with this neurologic syndrome is significantly increased. 

The source of aluminum intake is varied, but in most 

cases, it comes from aluminum hydroxide administered to 

patients in the form of phosphate binding gel (Alfrey et 

al., 1976; Jackson, Warrington, Roe, & Baker, 1*987; Strubb 

& Black, 1981). The water supply used during dialysis has 

also been implicated as a source of aluminum. However, 

with greater attention now being paid to the purifying 

process, fairly good control over this source of aluminum 

has been accomplished. 
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Cognitive Deficits Commonly Observed in 
Chronic Renal Failure and Maintenance 

Hemodialysis 
- - — 

General Intelligence 

The most frequently assessed component of neuropsy

chological functioning has been general intelligence. A 

number of different measures--Wechsler-Bellevue (W-B) 

(Kaplan De-Nour, Shanon, & Garty, 1978; Rabinowitz & van 

der Spuy, 1978), Wechsler Adult Intelligence Scale (WAIS) 

(Blatt & Tsushima, 1966; Greenberg, Davis, & Massey, 1973; 

Malquist et al., 1972; Sand, Livingston, & Wright, 1966; 

Trieschmann & Sand, 1971), Raven Progressive Matrices 

(Kaplan De-Nour et al., 1978; Kaplan De-Nour, Shaltiel, & 

Czaczkes, 1968; Rabinowitz & van der Spuy, 1978), the 

Quick Test (Gentry & Davis, 1972) , and the Shipley 

Hartford Test (Fishman & Schneider, 1972)—have been 

employed to assess intelligence in undialyzed, azotemic 

patients. Only three studies (English, Savage, Britton, 

Ward & Kerr, 1978; Shupack, Sullivan, & Lee, 1967; 

Winokur, Czaczkes, & Kaplan De-Nour, 1973) have assessed 

intellectual functioning in patients after onset of 

treatment with dialysis. English et al. (1978) and 

Shupack et al. (1967) used the WAIS as the assessment 

instrument, while Winokur et al. (1973) used the W-B (Form 

II). Full-scale IQ's obtained from the W-B and the WAIS 

for patients with CRF in general ranged from 106.9 (Rlatt 

& Tsushima, 1966) to 91 (Winokur et al., 1973). These 
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scores are within the average range of intelligence. 

Closer examination of the data, with respect to perfor

mance on Verbal and Performance subtests, suggests that 

particular aspects of cognitive functioning are more 

vulnerable to dysfunction as a consequence of uremia. 

Comparisons of Verbal IQs with Performance IQs reveal 

small but consistent differences. Verbal IQ scores were 

found to vary from as much as 115 (Sand et al., 1966) to 

94 (Winokur et al., 1973), and Performance IQ varied from 

97.7 (Trieschmann & Sand, 1971) to 89 (Winokur et al., 

1973). Osberg et al. (1982a), in their review of litera

ture on intellectual functioning in undialyzed, azotemic 

patients and maintenance dialysands, point out that in 

every study reporting subtest scores, verbal subtest 

scores exceeded performance subtest scores by 5 to 14 

points. Of those investigators reporting scores for 

individual subtests for undialyzed, azotemic patients, it 

was found that Information, Vocabulary, and Comprehension 

(Blatt & Tsushima, 1966; Trieschmann & Sand, 1971) were 

above average. The performance subtests most affected 

were Block Design (Blatt & Tsushima, 1966; Trieschmann & 

Sand, 1971), Picture Arrangement (Trieschmann & Sand, 

1971) , and Digit Symbol (Blatt & Tsushima, 1966) . The 

poor performance of these patients on Digit Symbol, 

Block Design, and Picture Arrangement, relative to the 



above average performance on Information and Vocabulary, 

is consistent with cortical dysfunction (Lezak, 1983) . 

Of those studies reporting intellectual levels for 

patients after onset of dialysis, only one has reported 

individual subtest scores. English et al. (1978), using 

29 home-hemodialysis patients who had been on dialysis an 

average of 35.5 months, reported Verbal IQ scores of 102.1 

and Performance IQ scores of 96.9. Although a difference 

of 5.2 points is not statistically significant (Osberg et 

al., 1982a), below average performance was noted for Block 

Design, Digit Symbol, and Picture Arrangement. These 

findings closely parallel the results obtained for un

dialyzed, azotemic patients. 

In summary, these results indicate that verbal skills 

remain relatively intact regardless of whether patients 

with renal failure were tested before or after treatment 

onset, which is expected in that the Verbal subtests of 

the W-B and WAIS largely reflect old, overlearned abili

ties which are modified with experience and maintained 

over the life span (Botwinick, 1981) . Performance sub

tests, on the other hand, require perceptual-integrative 

skills. That is, the skills needed to carry out these 

tasks require "active processing by the brain (fluid 

intelligence)" (Russell, 1986, p. 63), and are dependent 

to a larger extent on the neurophysiological integrity of 

the brain (Botwinick, 1981) . 
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Specific Cognitive Functions 

Cognitive functioning in azotemic, undialyzed pa

tients . Attention, alertness, and reaction time, proper

ties marking efficient cortical functioning, have been 

examined by a number of investigators using several in

struments. Teschan et al. (1979), for instance, employing 

Choice Reaction Time (CRT) and Continuous Performance 

Task(s) (CPT), have demonstrated that response latencies 

are significantly retarded in undialyzed, azotemic pa

tients when compared to normals. Additionally, these 

investigators have found that the response latencies of 

these patients are significantly, albeit modestly, cor

related with indices of severity of renal failure as 

indicated by serum creatinine (Cr) levels (CRT, r = .44, £ 

< .05, N = 21; CPT, r = .34, £ < .05, N = 26). 

Heilman, Moyer, Melendez, Schwartz, and Miller 

(1975) , using 24 undialyzed, azotemic patients who had 

been uremic for at least two months, found them to perform 

significantly poorer than normal controls on the Trail 

Making Test (TMT), particularly Trails B—a test of 

visuo-perceptual and conceptual shifting functions 

(Reitan, 1955) known to be sensitive to metabolic abnor

malities (Farr, Greene, & Fisher-White, 1986) . Consis

tent with these findings, Teschan et al. (1974) and Ginn 

et al. (1975) have found that performance on Trails B is 
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significantly correlated with serum Cr levels {r_ = .82, £ 

< .01, N = 13; r = .89, £ < .001, N = unknown; respec

tively) . 

Hart, Pederson, Czerwinski, and Adams (1983) simi

larly found that undialyzed, azotemic patients (N = 5) 

were significantly more impaired than dialysis patients 

and normal controls (medical patients with an assortment 

of physical disabilities) on all measures in their test 

battery that stressed attention, alertness, and visuo-

motor speed and accuracy (TMT, Digit Symbol, Purdue 

Pegboard, Digit Vigilance-Time, Digit Vigilance-Error). 

Generally consistent with the findings above. Hart et al. 

(1983) also found significant correlations between perfor

mance on several of these measures (Digit Vigilance-Time, 

Digit Symbol, Purdue Pegboard) and serum Cr and blood urea 

nitrogen (BUN). 

Cognitive functioning after onset of maintenance 

dialysis. Azotemic, undialyzed patients found to have 

retarded response latencies on CRT tasks when compared to 

normals show dramatic improvement after onset of mainte

nance dialysis. Intrapatient comparisons of 11 azotemic, 

undialyzed patients, followed repetitively over a period 

of 1 to 14 months before and 5 to 24 months after dialysis 

onset, showed significant shortening of response latencies 

(Teschan, Ginn, Bourne, & Ward, 1976). Follow-up of 8 of 

these patients for 4 to 23 months during dialysis and 
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after renal transplantation showed continued and signifi

cant improvement. So dramatic is the improvement that 

renal transplant patients are statistically indistinguish

able from normals (Teschan et al., 1979). 

Pre-post dialysis onset comparisons of cortical 

function also have been studied by a variety of other 

neuropsychological instruments. For example, Teschan et 

al. (1974) , using an Answer Recognition Test which is a 

test of symbol manipulation with speed of decision making 

as the dependent variable, found significant correlations 

(r = .76, £ < .05, n = 4) between performance and serum Cr 

levels prior to dialysis onset. The four patients were 

noted to improve on this test after dialysis onset, but it 

is unclear whether the observed improvement was signifi

cant as no statistical procedures were reported. 

Haberg (1974) , using the Wechsler-Bellevue Block 

Design test, followed 23 patients longitudinally prior to 

and six months after dialysis onset. Block Design per

formance, not unexpectedly, was impaired in azotemic, 

undialyzed patients (M = 3.7 ± 1.8). Significant improve

ment (M = 5.0 ± 1.9) signaling the restoration of visuo-

spatial abilities was observed six months after dialysis 

onset. It is unclear, however, what portion of the 

improvement was the result of an actual restoration of 

function versus practice effects, in that retesting was 
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done with the same instrument. Nevertheless, visuo-

spatial abilities remained below average six months post

dialysis onset. 

Although improvements in cognitive functioning are 

evident after dialysis onset and continue up to six months 

postdialysis onset, the question over whether neuropsycho

logical performance continues to improve or whether some 

asymptotic level is reached with prolonged exposure to 

dialysis has been raised. Only one study has examined 

this issue over a sufficiently long period of time to 

address this question adequately. McKee, Burnett, Raft, 

Batten, and Bain (1982) , using a cross-sequential design, 

found that dialysands who had been on dialysis less than 

one year (M = 6 months) significantly improved on tasks of 

cortical efficiency (e.g.. Trails A, index = .59, £ < 

.001; Trails B, index = .56, £ < .001; Digit Symbol, index 

= .44, £ < .01) over a 22-month follow-up period. Exam

ination of those patients who had been on dialysis an 

average of 4.3 years over the same period showed no 

improvement on any of these tasks measuring cortical 

efficiency and integrity. More importantly, however, this 

group did not show deterioration either. Performance on 

these tasks, nevertheless, remained in the impaired range. 

While these data do not indicate when an asymptotic level 

of performance is reached, the results do suggest that 

cognitive functioning tends to improve during at least the 
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first year of dialysis treatment and stabilize soon there

after. 

Cognitive functioning in dialysands as a function of 

frequency of dialysis treatments. One method used in 

early studies to assess the adequacy of dialysis was to 

vary the frequency of dialysis treatments. Teschan et al. 

(1974) found that individuals undergoing dialysis twice 

weekly performed significantly poorer on measures of 

perceptual-motor speed and conceptual shifting abilities. 

Trails B, than those individuals dialyzing three times a 

week. The results of this study demonstrate that cogni

tive abilities which show improvement with onset of 

dialysis therapy, and which continue to be found in the 

impaired range, vary with the frequency of dialysis. That 

is, cognitive functioning appears to be dependent on the 

dialysands' metabolic state. 

Cognitive functioning across the interdialytic cycle. 

Lewis, O'Neill, Dustman, and Beck (1980) investigated the 

temporal effects of dialysis across the interdialytic 

cycle on behavioral measures of neural efficiency. The 

interdialylatic cycle refers to the time interval between 

dialysis treatments, dialysis days inclusive. These 

investigators compared the performance of six male 

dialysis patients on CRT, Critical Flicker Fusion (CFF), 

and Digit Symbol 1, 24, 42, and 66 hours after dialysis 

treatment. Performance on Digit Symbol and CRT was 
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significantly more efficient 24 hours after dialysis, with 

concomitant decreases in performance 42 and 66 hours after 

their last dialysis treatment. CFF produced little change 

across the four time intervals. 

Spehr et al. (1977) also found performance on finger 

tapping and visual discrimination, measured by tachysto-

scopic presentation of digits, to improve significantly 

from 14 hours prior to and 14 hours after a single dialy

sis treatment. Moreover, these investigators found that 

improvements in visual discrimination after a dialysis 

treatment paralleled concomitant decreases in BUN, Cr, and 

potassium (K) , and were negatively correlated with low 

voltage, fast and complex EEG recordings. 

Alexander, Hightower, Anderson, and Snow (1980) 

similarly found that vigilance, as measured by a signal 

detection paradigm, was impaired in dialysis patients when 

they were tested immediately prior to their dialysis run, 

a time when their uremic status is at its most toxic 

level. Testing dialysis patients one-day postdialysis 

(approximately 23 hours after their last dialysis treat

ment) , Hart et al. (1983) found that the performance of 

dialysis patients (ri = 24) and physically disabled control 

subjects (ri = 20) did not differ on any of the 14 neuro

psychological measures used to assess attention, alert

ness, and visuo-motor speed and accuracy. Performdnce, 

nonetheless, was found to be within the mild range of 
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iiiipairment in both groups. These findings, however, are 

not thought to be inconsistent with the results reported 

above. The observed discrepancy may be the result of 

differences in time of test administration. In the afore

mentioned studies, the deficits in attention, concentra

tion, visuo-motor speed and coordination, and fine motor 

speed were more apparent immediately prior to dialysis 

treatment, a time when dialysands' uremic status is at its 

most toxic and mental efficiency lowered, but are least 

evident 14 to 24 hours postdialysis when their uremic 

status is likely to be least toxic and cognitive func

tioning more efficient. The results of this study suggest 

that when tested one-day postdialysis, the performance of 

dialysis patients does not differ from that of physically 

disabled normal controls. Furthermore, this study 

stresses the importance of controlling for time of test 

administration. 

The literature, however, is not without its inconsis

tencies. Ratner, Adams, Levin, and Rourke (1983), using a 

repeatable neuropsychological battery, assessed cognitive-

sensorimotor function in dialysands across the inter

dialytic cycle. Using 20 maintenance dialysands, these 

investigators tested their patients immediately (one 

hour) prior to their dialysis run (Dl) , approximately 24 

hours postdialysis (D2) , and again immediately prior to 

tht?ir dialysis run (Dl). The design was incompletely 
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counterbalanced and alternate forms were used in order to 

control for practice effects. Although the serum levels 

for a number of different chemistries measured showed 

significant and dramatic pre- to postdialysis (Dl -> D2) 

and post- to predialysis (D2 -> Dl) changes, no perfor

mance differences were noted across the interdialytic 

cycle for any of the 14 neuropsychological measures. 

Similarly, no significant correlations were obtained 

between serum measures and dialysands' performance on the 

tests administered. As in other studies, performance when 

compared with established norms remains in the impaired 

range in a variety of areas (TMT, Benton Visual Retention 

Test, Grooved Pegboard, Finger Tapping—females. Grip 

Strength--females). Nonetheless, the lack of differences 

in performance across the interdialytic cycle found in 

this study are not easily reconciled with previous find

ings. These investigators suggest that the discrepancies 

might have been the result of less adequate dialysis in 

early studies. Cross-study comparisons are difficult 

because of the lack of specification of methodological 

procedures in early studies. Thus, sources of variance to 

account for the observed discrepancies cannot, at this 

time, be elucidated. Exacting replication is advocated to 

validate previous findings. 

In summary, it is well documented that neurobe

havioral measures of cortical efficiency and integrity are 
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impaired in azotemic, undialyzed patients, and subse

quently improved after dialysis therapy. Although cogni

tive functioning improves with dialysis onset in pre

viously undialyzed patients, residual neuropsychological 

deficits persist, but are essentially ameliorated after 

renal transplantation. Furthermore, it has been found 

that cognitive functioning is not only dependent on 

dialysis treatment, but varies as a direct function of the 

amount of time spent on dialysis (two times per week 

versus three times per week), as well as across a single 

dialysis treatment. That is, considerable evidence exists 

to suggest that there is a significant and systematic 

accumulation of toxic metabolites during the interval 

between treatments which have an adverse effect on cogni

tive functioning. Although there is some evidence to the 

contrary, this evidence comes from a single study. Thus, 

replication studies will need to be conducted to confirm 

or disconfirm previous findings. 

Neurophysiological Dysfunction in Chronic 
Renal Failure and Maintenance 

Hemodialysis 

Neurophysiological Functioning in 
Undialyzed, Azotemic Patients 

EEG tracings and latency of Visually Evoked Poten

tials (VEPs) have been found to be abnormally slowed in 

azotemic patients (Ginn et al., 1975; Teschan et al., 

1974; Teschan et al., 1979; Teschan, Ginn, Bourne, & Ward, 
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1975, 1977). Furthermore, significant correlations (r = 

.69, £ < .001; r = .71, £ < .05; r = .63, £ < .001) 

between the amount of EEG power, as reflected in progres

sively slower wave frequencies, and the severity of renal 

failure, as indexed by serum Cr concentrations, have been 

obtained (Ginn et al., 1975; Teschan et al., 1974, 1979; 

respectively). Significant correlations (_r = .26, £ < 

.05; r_ = .50, £ < .01) also were obtained between the 

severity of renal failure and response latencies of VEPs 

(Ginn et al., 1975; Teschan et al., 1979; respectively). 

Neurophysiological Functioning After 
Dialysis Onset 

When azotemic patients not on dialysis are stabilized 

on maintenance dialysis for days or weeks (Ginn et al., 

1975), or weeks to months (Teschan et al., 1974), EEG 

tracings and VEP latencies return to near normal levels, 

but continue to remain significantly slower than normals. 

Similarly, Teschan et al. (1976), as mentioned previously, 

followed 11 azotemic patients from 1 to 14 months before 

dialysis onset, and subsequently, 5 to 24 months after 

initiation of dialysis. Results showed statistically 

significant improvements (£ < .02) in EEG tracings and VEP 

response latencies after onset of dialysis therapy. More

over, follow-up of patients who underwent renal transplant 

showed that EEG tracings and VEP response latencies v/ere 
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statistically indistinguishable from normals (Teschan et 

al., 1979; Teschan et al., 1977; Teschan et al., 1976). 

These findings suggest that uremia adversely affects 

the neurophysiological integrity of the brain in azotemic 

patients. Though cortical functioning is significantly 

improved by dialysis, it remains impaired to some extent, 

as evidenced by the amelioration of the adverse uremic 

effects after renal transplantation. 

Neurophysiological Functioning Across 
the Interdialytic Cycle 

Changes in VEPs and somatosensory evoked potential 

response latencies across a single dialysis treatment 

session have been investigated by Lewis et al. (1980) who 

compared evoked potential (EP) latencies before a dialysis 

treatment and 1, 24, 42, and 66 hours after dialysis. 

They found that EP latencies, which were always longer 

before dialysis, decreased significantly 1 and 24 hours 

after dialysis, then increased steadily during the 42- and 

66-hour intervals. Spehr et al. (1977) found significant 

differences in EEG activity in patients (N = 20) tested 14 

hours prior to and after dialysis therapy. That is, EEG 

activity was significantly faster in patients after a 

single dialysis treatment. EEG—blood chemistry correla

tions failed to reach statistical significance. Neverthe

less, EEG slowing and acceleration was strongly associated 

with high and low serum Cr and BUN levels, respectively. 
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The results of these studies suggest continued adverse 

effects of uremia in dialysands, and show that these 

adverse effects not only persist but are evident from one 

dialysis treatment to the next. Thus, the accumulation of 

uremic products in CRF patients before onset of dialysis 

treatment and the accumulation of uremic waste products 

across the interdialylatic interval appear to alter "the 

threshold or level of excitability of cortical and sub

cortical neurons or neural networks" (Lewis et al., 1980, 

p. 361). The observed alterations in cortical integrity, 

then, may in part account for the decline of neuropsycho

logical abilities requiring active mental processing. 

While restoration of these mental processes to 

premorbid levels is unlikely, given the nature of their 

illness and mode of treatment, efficient execution of 

these intellectual functions, even at low levels, is 

ultimately dependent on the more basic processes of 

learning and memory (Lezak, 1983; Strubb & Black, 1981; 

Squire, 1987). However, before reviewing the literature 

on the memory functioning in dialysis patients, a brief 

overview of general memory processes as developed in 

psychological theory will be outlined. It should be noted 

and kept in mind that the present study is concerned 

primarily with the verbal aspects of learning and memory. 

The reader is referred to Russell (1981) for an excellent 

and detailed review of clinical memory processes and their 
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relation to neuropsychological theory as it is presently 

understood. The reasons for choosing the clinical model 

proposed by Russell (1981) over the myriad of theoretical 

models of memory available in the psychological literature 

are twofold. First, the model reflects this investiga

tor's orientation, which is rooted in neuropsychology. 

Secondly, and more importantly, it is consistent with 

neuropsychological approaches to the study of memory 

pathology. Clinicians who work with individuals with 

memory disturbances associated with brain damage find this 

model a suitable framework from which to conceptualize and 

understand memory impairment (Lezak, 1983). 

Clinical Memory Processes 

Learning and memory are widely accepted as interde

pendent and continuous processes (Ellis, 1972; Houston, 

1976; Underwood, 1983). Distinctions between the two 

processes as pointed out by Houston (1976) often are 

arbitrary and superficial insofar as acquisition of 

material is seldom devoid of retention effects and vice 

versa. The continuity is evident in that on any given 

trial during the course of learning a task, one can obtain 

both a measure of acquisition and a measure of retention 

(Ellis, 1972). Depending on the perspective of the 

investigator, changes in the magnitude of performance 

(e.g., measures of the number of correct responses across 
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trials), for instance, can be taken as evidence of acqui

sition by some or as "prima facie" evidence for memory/ 

retention by others (Underwood, 1983, p. 7). Since memory 

concerns itself not only with those factors that affect 

performance during acquisition but also with those factors 

operating during the retention interval (Ellis, 1972), a 

more parsimonious approach in discussing these overlapping 

processes, in order to avoid confusion, will be to discuss 

them within the context of one construct, memory. The 

distinction between these processes will be reserved for 

the critique of the memory studies done on dialysands, 

which, in turn, will serve as the rationale for this 

study. 

Klatzky (1975) points out that to remember something 

three things must necessarily occur: first, the informa

tion must be encoded; second, encoded information must be 

stored during the retention interval; and third, the 

information previously encoded and stored must be re

trieved from storage after a prescribed set of time--

retention interval. 

The processing of information begins with the im

pingement of a stimulus on any one of five sensory modali

ties (Squire, 1987) , at which time this sensory informa

tion is then placed, for a very brief period of time, in a 

modality-specific sensory register commonly referred to as 

the sensory memory (Atkinson & Shiffrin, 1968; Craik, 
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1979) . Information in the sensory memory decays rapidly 

within several hundred milliseconds (Atkinson & Shiffrin, 

1968; Craik, 1979). However, if information is attended 

to, it enters short-term memory (STM). 

Information entered in STM is retained for a short 

period of time in conscious awareness. The amount of 

information that can be held in STM is considered to be 

approximately 7 + 2 chunks (Norman, 1973). Information in 

the short-term store is retained for a minimum of 20 to 30 

seconds (Norman, 1973) to a maximum of 40 seconds 

(Shiffrin, 1973) . However, the trace can be retained for 

much longer with rehearsal. If information is not main

tained by rehearsal it is forgotten through the process of 

decay and interference (Baddeley, 1976) . STM has been 

called the conscious processing unit of the brain because 

of its active role in such mental operations as problem 

solving, decision making, thinking, coding, and rehearsal 

(Atkinson & Shiffrin, 1971) . Transfer to and retrieval of 

information from long-term memory (LTM) also occurs 

through STM processing. Information is felt to be main

tained in STM by reverberating neural circuits (Hebb, 

1949) . This hypothesis, though quite old, is a widely 

recognized and useful concept in explaining decay and 

interference of information in STM (Russell, 1981). From 

a neuropsychological standpoint, STM memory for verbal 
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information appears to be localized in various cortical 

areas in the left hemisphere (Berent, 1981) . 

LTM represents the relatively permanent record of 

events and learned material (Russell, 1981) . There is not 

a sharp temporal division between STM and LTM (Ellis, 

1972) . LTM is said to begin approximately 0.5 seconds 

(Zangwill, 1969) after information is attended to in STM. 

Since LTM is said to begin about 0.5 seconds after infor

mation is attended to and information is retained for up 

to a maximum of 40 seconds, it is clear that there exists 

substantial overlap between STM and LTM. Memory tests 

that require a subject to recall information during such 

short time periods are measuring a combination of STM and 

LTM. There are three separate stages in the formation of 

long-term memories: (a) consolidation, (b) storage, and 

(c) retrieval (Russell, 1981) . 

Consolidation involves two separate subprocesses--

transfer and consolidation. Transfer of information from 

STM to LTM occurs very quickly--as soon as 0.5 seconds 

after information has been attended to (Zangwill, 1969) . 

Since memory trace consolidation involves a progressive 

strengthening of the trace so that it becomes permanent, 

this process takes considerably more time than the trans

fer process (McGaugh, 1966). Consolidation appears to be 

a biochemical/metabolic process involving protein synthe

sis in nerve cells (Davis & Squire, 1984; Dunn, 1980), as 
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well as structural alterations of synapses (Squire, 1987). 

There is some suggestion in the literature that the 

greater synaptic connectivity, along with the intracellu

lar metabolic changes that occur during the consolidation 

process, possibly creates the transmission patterns 

between nerve cells that make up the long-term memory 

trace (Lezak, 1983). The medial temporal region, particu

larly the hippocampus and hippocampal gyrus, is essential 

for the process of consolidation (Van Hoesen, 1982). 

These neuroanatomical structures perform some time-limited 

function that is essential for storage of the memory trace 

in cortical cells. That is, the integrity of the hippo

campus in particular, and the limbic system in general, is 

a necessary prerequisite for the formation of long-term 

memories. Injury to the hippocampus results in an almost 

total loss of ability to form long-term memories or learn 

new material. The integrity of the hippocampus, however, 

is not necessary for STM or retrieval of stored informa

tion from long-term memory, as patients with bilateral 

resection of the hippocampal regions perform quite well on 

immediate memory span tasks and demonstrate preservation 

of material stored before hippocampal damage (Drachman & 

Arbit, 1966; Milner, 1970). 

Two important aspects of the transfer process deserve 

special attention--coding and rehearsal. Encoding refers 

to a representation of an external stimulus as an internal 
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code (Klatzky, 1975) so that the material to-be-learned 

can be stored (Underwood, 1983) . One way in which verbal 

material is encoded is through the process of organiza

tion. Organization appears to be an "event that occurs at 

the time of storage, and acts to bind up several items 

into one unit" (Klatzky, 1975, p. 191). A number of 

organizational processes have been proposed (e.g., associ

ative clustering, category clustering, subjective organi

zation) by several investigators (Bousfield & Cohen, 1953; 

Cofer, 1965; Tulving, 1962) as influencing an individual's 

ability to recall information. There is little doubt that 

these processes are operative in learning and memory 

tasks, but there is some controversy as to whether infor

mation is organized in STM or LTM. Possibly, the con

fusion is related to the context in which encoding is 

used. Encoding often is viewed in the context of sensory 

registration or a STM process, while the concepts of 

storage and retrieval are used to refer to LTM processes. 

However, research on the principle of encoding specificity 

(Tulving & Osier, 1968; Tulving & Pearlstone, 1966; 

Tulving & Thompson, 1973) provides considerable support 

for the idea that encoding/organizational strategies 

encompass both storage and retrieval. Stated differently, 

organization in STM is similar to organization in LTM. 

The principal of encoding specificity states that "what is 

stored is determined by what is perceived and how it is 
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encoded, and what is stored determines what retrieval cues 

are effective in providing access to what is stored" 

(Tulving & Thompson, 1973, p. 353). Recall, then, is 

facilitated when the information available during re

trieval is the same as the information initially available 

during encoding/storage (Tulving & Pearlstone, 1966) . It 

should be noted that evidence for the principle of encod

ing specificity came mostly out of work using retrieval 

cues (Tulving & Osier, 1968; Tulving & Pearlstone, 1966) 

at time of testing to determine whether cues facilitated 

recall. Although subjective organization differs in that 

no cues are provided by the experimenter, Klatzky (1975) 

notes that the principle of encoding specificity is 

equally applicable. Subjective organization refers to 

learner-imposed structure on an item list that for all 

intents and purposes is devoid of experimentally imposed 

structure; lists are randomly organized. Tulving (1962) 

observed that subjects tend to recall items on free-recall 

tasks in the same order on different trials in the absence 

of any experimental manipulation. This phenomenon was 

seen to increase with repetition and correlate positively 

with recall. In the absence of retrieval cues, it is 

suggested that the learner forms higher order units in 

organizing input material (e.g., combination of a number 

of different items) during encoding. 
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The other important aspect to transfer and consoli

dation of the memory trace is rehearsal (Atkinson & 

Shiffrin, 1968; Norman, 1973). Rehearsal, the time spent 

attending to a stimulus, results in an increased probabil

ity of that item being recalled (Rundus, 1971; Rundus & 

Atkinson, 1970). Rehearsal, however, does not, in and of 

itself, lead to automatic transfer of information to the 

long-term store. It does, however, allow for the forma

tion of elaborate codes that are subsequently stored and 

retrievable (Tulving, 1962) . When viewed from this stand

point, rehearsal—information attended to—maintains items 

in STM, allows for the formation of elaborate organiza

tional codes, and transfers them to long-term storage 

(Russell, 1981) . 

Storage in LTM refers to two distinct yet interdepen

dent processes—encoding and storage. Encoding, as pre

viously noted, referred to the process of putting informa

tion into the memory store. Here, the definition of 

storage is confined to the relatively permanent storage of 

encoded information that has been consolidated (Russell, 

1981) . Although the memories stored in long-term memory 

are considered to be relatively permanent, information is 

subject to a very slow decay (Baddeley, 1976; Houston, 

1976) . The storage capacity of the long-term store is 

thought to be unlimited. There is no known memory center 

containing stored information. Memory, as it is prt^sently 
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understood, appears to be widely distributed throughout 

the cortex and subcortical regions (Squire, 1987). There 

is, however, some evidence that storage of episodic and 

semantic memory is primarily circumscribed to the temporal 

lobes (Russell, 1981). 

Retrieval refers to the process of locating and sub

sequently getting out that which has been stored (Russell, 

1981) . There is considerable agreement in the literature 

that retrieval processes are quite similar to encoding 

processes (Craik, 1979) . This process basically involves 

decoding of high order units (e.g., combination of certain 

words grouped together during encoding). The process of 

decoding will result in items being retrieved together and 

recalled in consistent clusters. There is little in the 

way of knowledge, at present, about the neuropsychology of 

retrieval. 

Memory Deficits in Patients with Chronic 
Renal Failure and Chronic Hemodialysis 

Memory Functioning in Undialyzed, 
Azotemic Patients 

For the most part, early research with this patient 

population has focused on STM processed through auditory 

and visual input modalities. Ginn et al. (1975) and 

Teschan et al. (1974) used an auditory short-term memory 

task (ASTM) to assess STM processing in azotemic, undia

lyzed patients. Basically, the ASTM task requires the 

patient to recognize a test word in a 9-item word list. 
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Fifteen 9-item word lists were presented to the patient 

via tape recorder. Response time was found to be corre

lated significantly with serum Cr levels (£ = .69, £ < 

.001). Accuracy of responses also has been found, and not 

expectedly, to be correlated with severity of renal 

failure in azotemic patients. Teschan et al. (1979) used 

a Continuous Memory Task (CMT), which is a measure of 

short-term recognition memory and requires sustained 

attention. A series of 110 words in five lists of 22 

words each was presented auditorially to patients. Their 

task was to determine whether each word had been pre

viously presented. Highly azotemic patients (serum Cr 

levels less than 10 mg/dl) performed significantly poorer 

than normal controls. The number of errors committed by 

azotemic, undialyzed patients was found to be signifi

cantly, but weakly, correlated with serum Cr levels {r_ = 

.39, £ < .05). The reason for the low correlation on this 

measure, as well as other behavioral measures (e.g., CRT) 

employed by these investigators, appears to be due to the 

heterogeneity of the sample, especially with regard to 

age. For instance, age was found to significantly corre

late (£ = .47, £ < .05) with patients' CRT performance. 

Since these tasks were used in a repeated measure design, 

this variable is held constant and not considered to be a 

problem. Despite this source of variance, these inves

tigators note that the effect of renal failure is still 
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sufficiently consistent to achieve a degree of statistical 

significance. That is, the effects of renal failure are 

not easily obscured, even by the considerable heterogene

ity of the sample population. Again, it needs to be noted 

that these studies, with the exception of Teschan et al. 

(1979) , used very small sample sizes, and in some cases 

(Ginn, 1975) the size of the sample was not specified. 

Traditional, clinical memory tests also have been 

utilized for assessing memory dysfunction in this patient 

population. Heilman et al. (1975) found, using azotemic 

patients (N = 24) who had been uremic for at least two 

months, that verbal memory functions are more sensitive to 

uremia than are other functions, such as intelligence as 

measured by WAIS Vocabulary and Arithmetic subtests. 

These investigators using the Wechsler Memory Scale (WMS) 

found that not only were uremics' mean immediate memory 

score significantly abnormal when compared to non-uremic 

controls (N = 12) , but the scores also were lower than 

would be predicted from the WAIS Vocabulary subtest. 

While "there is also a significant difference between 

groups in the delayed portion of the test, when one looks 

at the loss from immediate to delayed condition there is 

no significant difference and this suggests that the 

delayed portion is abnormal because the immediate portion 

is abnormal" (p. 247) . While the reason for impaired STM 

is unclear, it appears that many of the STM control 
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processes such as attention and concentration, as measured 

by the CMT, CPT, Vigilance, Digit Symbol, and the TMT, are 

affected adversely by uremia. Furthermore, given the 

evidence of decreased arousal of the CNS, as measured by 

EEG recordings, it is conceivable that the difficulties in 

attention and alertness may prevent adequate rehearsal, 

which in turn may lead to deficits in STM (Heilman et al., 

1975) and insufficient time to encode and consolidate 

information in LTM. 

Hart et al. (1983) found that azotemic, undialyzed 

patients were significantly more impaired on short-term 

verbal memory, as measured by the WMS, then dialysands and 

normal controls. Using the 0-5 impairment rating scale 

based on Russell, Neuringer, and Goldstein's (1970) norma

tive data, where the higher rating indicates greater 

impairment, the mean impairment rating for these patients 

was 3.5, suggesting moderate to, perhaps, moderately-

severe impairments. While these investigators found 

significant negative correlations between severity of 

renal failure and measures of speed, alertness, attention, 

and visuo-motor coordination, no correlation between 

severity of renal failure and memory test performance was 

found. Although delayed memory was not measured by Hart 

et al. (1983), it is interesting to speculate based on the 

findings of Heilman et al. (1975) that if acquisition were 
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initially impaired as reflected by impairments in immedi

ate memory, delayed memory would as a result be likewise 

impaired. 

Memory Functioning After Onset 
of Maintenance Dialysis 

The relationship between various modes of treatment 

for renal failure and changes in memory function also has 

been investigated. Teschan et al. (1979) found that the 

response times on the ASTM task significantly improved in 

each of the six patients who were administered the task 

prior to and after dialysis onset. Using a CMT, Teschan 

et al. (1974) found that each of eight dialysis patients 

tested while undergoing dialysis therapy, and subsequently 

after renal transplantation, showed significant improve

ment in performance. Performance in the latter case was 

indistinguishable from performance of normal controls. In 

a more carefully controlled study, improvement of verbal 

short-term memory was noted following dialysis therapy 

onset. Haberg (1974) followed 23 patients, ranging in age 

from 13 to 60 years, both prior to and six months after 

dialysis onset. Immediate verbal recall was assessed by a 

paired-associate task which was administered prior to 

dialysis and six months after treatment onset. Alternate 

forms were used. At pretest, short-term verbal memory was 

significantly lower than would have been expected by the 
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patients' verbal ability. However, a consistent trend 

toward improvement after dialysis onset was demonstrated. 

Support for the aforementioned findings comes from 

the work of McKee et al. (1982) . These investigators, 

using the Wechsler Memory Scale-Russell Revision (WMS-RR) 

found significant improvement in short- and long-term 

verbal memory from pre- to postdialysis onset. Although 

the pre-onset group in this study was very small (N = 5), 

three of the five patients received four test adminis

trations over a 22-month period. Practice effects, 

according to the authors, do not seem to have contributed 

to the variance, insofar as alternate forms of these tests 

were administered in random fashion, and testing intervals 

were about six months apart. Although these patients 

demonstrated significant verbal memory improvement after 

dialysis onset, their performance remained consistently 

within the moderate range of impairment. Examination of 

those patients who had been on dialysis less than one year 

and patients who had been on dialysis for an average of 

4.3 years over the same time period showed no improvement 

on short- and long-term verbal memory (WMS-RR) tasks. 

Although these authors did not use impairment ratings to 

determine the severity of deficits, using Russell's (1975) 

memory impairment index, dialysands in this study were 

found to be functioning within the mild to moderate range 

of impairment. It is interesting to note that difference 
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between iimnediate and delayed recall scores on the WMS-R 

in this study was remarkably similar to the difference 

between the immediate and delayed recall scores obtained 

by Heilman et al. (1975). While no statistical analyses 

were conducted to determine whether the loss from the 

immediate to delayed portion of the WMS-RR was significant 

in the former, as this was not the purpose of their study, 

given what appear to be insignificant differences, it can 

be speculated that the impaired delayed memory scores were 

the result of a failure to acquire the information ini

tially, as reflected by impaired immediate memory. 

On the basis of these studies, which are admittedly 

limited, it can tentatively be concluded that short-term 

memory for verbal material (Haberg, 1974; McKee et al., 

1982) and long-term memory for verbal material (McKee et 

al., 1982) in patients with renal failure are impaired 

prior to dialysis. While these functions continue to show 

mild to moderate impairment after dialysis onset, there 

appear to be significant gains in the areas of short-term 

(Haberg, 1974; McKee et al., 1983) and long-term verbal 

memory (McKee et al., 1982). 

Memory Functioning in Maintenance 
Dialysis Patients 

Memory functioning and its relationship with length 

of time on dialysis. The observation that verbal memory 

improves with a trend toward normalization after onset of 
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dialysis, but never achieving normal levels, is quite 

puzzling. Some investigators have hypothesized that the 

observed cognitive/memory deficits found in dialysis 

patients are associated directly with dialysis therapy 

itself—dialysis dementia (English et al., 1978; Ziesat, 

Logue, & McCarty, 1980)—as opposed to their uremic 

status. That is, the longer an individual undergoes 

chronic hemodialysis, the greater the probability that 

he/she will develop dialysis dementia. Considerable 

controversy exists between which one of these syndromes is 

responsible for the persistence of cognitive deficits in 

dialysands. While this study is not concerned with 

dialysis dementia per se, it is worthwhile to examine this 

issue in some detail, because length of time on dialysis 

is one of the variables over which experimenters have 

little control. Basically, proponents of the dialysis 

dementia hypothesis suggest that progressive decline in 

learning and memory associated with length of time on 

dialysis and intellectual and cognitive deficits in 

dialysands without clinical symptoms of encephalopathy are 

indicative of early dementia (English et al., 1978; Ziesat 

et al., 1980) . 

English et al. (1978) examined verbal and performance 

learning in 29 home dialysis patients using the Walton-

Black Modified Word Learning Test (MWLT) and the Block 

Design Learning Test. Overall, dialysis patients showed 
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deficits in their ability to acquire new information, 

particularly on the Block Design performance learning 

task. Moreover, these investigators found that although 

their patients' intellectual level was within normal 

limits, their ability to learn new tasks was inversely 

related to the length of time since treatment onset. That 

is, the longer the patients had been on dialysis, the 

worse their performance. However, the strength of the 

relationship between performance learning and duration of 

dialysis was not reported. Nevertheless, these authors 

concluded that the observed deficits in intellectual 

functioning indicate the dialysis patients are at a high 

risk for developing dementia. 

Ziesat et al. (1980) tested 28 dialysis patients, 

ranging in age from 20 to 73 years, with the WMS-RR. The 

average patient scored in the mildly to moderately im

paired range for short- and long-term memory for verbal 

and figural material. The range of impairment varied 

between nonsignificant to severe. Modest but significant 

correlations were obtained between short-term {r_ = -.39, 

£ < .05) and long-term (r = -.38, £ < .05) figural memory 

and number of treatments. However, significant corre

lations between length of time on dialysis and verbal 

memory functioning were not obtained. It is unclear why 

length of time on dialysis did not correlate with verbal 

memory. Nonetheless, these authors concluded that the 



39 

mild to, perhaps, moderate impairment evidenced by 

dialysis patients is consistent with early signs of demen

tia. In fact, the range of impairments observed argues 

for the hypothesis that dementia is distributed in sever

ity throughout the entire dialysis population. 

Gilli and De Bastiani (1983) found memory functioning 

to be impaired in 54 uremic patients who had been on 

dialysis for 3 to 96 months, as measured by the WMS. 

Significant inverse correlations (£ = -.43, £ < .01) were 

found between months of dialysis treatment and the WMS 

memory quotient (MQ) . Closer inspection of the data 

revealed that memory impairment was greater for dialysands 

who had been on dialysis for more than two years. These 

authors concluded that standard treatment of uremia with 

hemodialysis is not able to prevent the development of 

memory impairments in uremic patients. It is unclear just 

how impaired these patients' memory performance was on the 

WMS, because only the MQ was reported. The WMS MQ is a 

composite memory score reflecting an individual's perfor

mance on seven subtests: Information, Orientation, Mental 

Control, Verbal Memory, Visual Memory, and Associative 

Learning. Thus, difficulty on any one of these measures 

will adversely affect the MQ. A composite memory score 

provides little information with regard to performance on 

those subtests--Logical Memory and Visual Reproduction--

most often used by the clinician to determine memory 
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functioning. These results, nevertheless, do tend to lend 

support to the dementia hypothesis proposed by English et 

al. (1978) and Ziesat et al. (1980). 

Similarly, Hart et al. (1983) found short-term memory 

for verbal and figural material (WMS) to be mildly to 

moderately impaired. However, these investigators did not 

think that these deficits were signs of dementia attribut

able to length of time on dialysis. These authors noted 

that earlier studies (English et al., 1978; Ziesat et al., 

1980) which raised this possibility did not control for 

several potential sources of variance. For instance, 

English et al. (1978) and Ziesat et al. (1980) did not 

provide adequate statistical control for age and educa

tion, which were quite variable. This is important 

because the patients used in these studies may have 

differed significantly from the normative group used in 

standardizing the assessment instruments employed. Thus, 

no firm conclusions can be drawn over whether the memory 

deficits observed are signs of early dementia. The 

strongest evidence against the dementia hypothesis comes 

from the lack of correlations between the performance of 

dialysis patients on 14 neuropsychological tests of 

cognitive and memory functioning and years of dialysis 

(Hart et al., 1983). Age and education were specifically 

partialled out in the correlational analysis since it 

could not be stated with any degree of certainty that 
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these relationships are independent of these factors. 

Their results did not appear to be due to a restricted 

range in the number of years (M = 2.7; sd[ = 2.7) on 

dialysis. 

The results obtained by Hart and his colleagues find 

considerable support in the McKee et al. (1982) study. 

This study, it will be recalled, did not specifically 

address the issue of impairment, but rather concerned 

itself with cognitive gains as a function of dialysis. 

The most salient finding in this study, which strongly 

argues against the dialysis dementia hypothesis, was that 

there was no evidence of short- and long-term memory 

deterioration in patients undergoing dialysis for more 

than one year (M = 4.3 years). These authors concluded 

that the relative lack of change in memory functioning in 

dialysis patients suggests that cognitive/memory function

ing tends to stabilize at some level, and "that years of 

long-term maintenance hemodialysis does not necessarily 

lead to dementia" (McKee et al., 1982, p. 516). 

Jackson et al. (1987) assessed the cognitive func

tioning of two groups of dialysis patients who had been 

exposed to low concentrations of aluminum in the water 

used to manufacture dialysate. The two groups were 

divided into a long-term group (patients who had been on 

dialysis for more than five years) and a short-term group 

(patients who had been on dialysis for less than five 
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years). Cognitive functioning was assessed with selected 

tests from the WAIS, a graded difficulty arithmetic test, 

a graded naming test, and Raven Progressive Matrices. An 

index of cognitive deterioration was also employed. This 

measure was derived from the discrepancy in patients' 

current reading ability (a measure of optimum premorbid 

functioning) and current performance on the WAIS. Between 

group comparisons revealed no significant differences on 

any cognitive measure. No correlation was obtained 

between cumulative exposure to water-borne aluminum or 

duration of treatment and any of the cognitive tests 

administered. However, a significant negative correla

tion was obtained between the cognitive deterioration 

index and orally prescribed alilminum phosphate binding 

gels. These investigators note that the lack of associa

tion between time on dialysis and cognitive deterioration 

supports the notion that cognitive deterioration is not 

caused by hemodialysis per se. Furthermore, their results 

suggest that exposure to the low levels of aluminum in the 

water source in their study does not result in any degree 

of cognitive impairment. However, they, like other in

vestigators (Hart et al., 1983; McKee et al., 1982), do 

not rule out the possibility that dementia or more severe 

cognitive dysfunction may occur in a subgroup of dialysis 

patients, especially in those patients who have been 

taking aluminum phosphate binding gels for long periods of 
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time (more than 5 years). From the above, it would appear 

that uremic encephalopathy is responsible for a major 

portion of the observed deficits in the memory functioning 

in maintenance dialysis patients. However, there is also 

the possibility that the differences regarding impaired 

memory performance between the studies reviewed above 

might be due to nonspecific variables such as reactive 

depression secondary to physical disability (Hart et al., 

1983; Ziesat et al., 1980). Depression has been found to 

adversely affect mental status exam performance (Strubb & 

Black, 1981) and interfere with learning and memory 

(Strenberg & Jarvik, 1976). 

Mood in maintenance dialysands. The psychological 

stresses accompanying CRF and dialysis therapy are well 

documented (Anderson, 1975; Kaplan De-Nour et al., 1968; 

Sand et al., 1966; Wright, Sand, & Livingston, 1966). 

These stresses include: loss of bodily functioning, 

possible loss of bodily organs, loss of job and income, 

social withdrawal and alienation, sexual dysfunction, body 

image problems, severe dependency-independency conflicts, 

family/marital adjustment difficulties, intermittent 

hospitalizations, threat of injury secondary to cannula 

placement during each dialysis run, and the constant 

threat of death. Suicide is also quite prevalent among 

these patients, occurring 100 times more frequently than 

in the general population (Abrams, Moore, & Westervelt, 
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1971) . This figure, these authors contend, increases to 

at least 400 times the normal rate when deaths resulting 

from overt noncompliance (excess consumption of fluids and 

potentially lethal foods) are included. 

In view of these stresses, it would be expected to 

find depression present in this patient population and for 

this negative affective state to impact adversely on 

neuropsychological performance. The inclusion of measures 

of affective state in conjunction with measures of cogni

tive functioning have been reported infrequently. Hart et 

al. (1983) specifically included the Beck Depression 

Inventory (BDI) in their test battery to rule out the 

effects of depression secondary to chronic disability. 

These authors compared the levels of depression and test 

performance in azotemic undialyzed and dialyzed patients 

with those of control subjects composed of patients with a 

variety of physical disabilities. BDI scores were only 

mildly elevated for all groups. No significant corre

lations were obtained between BDI scores and performance 

on any of these tests (cognitive and memory) in their 

neuropsychological battery. Nevertheless, these authors 

concluded that impaired performance on memory tasks may, 

at least in part, be attributable to depression. Although 

the mild levels of depression found by Hart et al. (1983) 

appear at odds with expected levels of distress given the 

stresses these patients are confronted with, they are 
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generally consistent with the relatively infrequent 

reports of depression and anxiety in the literature 

(Kutner, Fair, & Kutner, 1985) . 

There appear to be several important reasons for the 

apparent discrepancy between expected levels of distress 

and levels of distress actually reported by dialysis 

patients. First, dialysis patients as a whole exhibit "a 

pattern of psychological adaptation characterized by 

increased ego defensiveness and lessened affect associated 

with the longitudinal course of chronic dialysis" (Gentry 

& Davis, 1972, p. 545). Denial and repression are the two 

most often cited defenses mobilized in mediating the 

stresses associated with dialysis treatment (Anderson, 

1975; Gentry & Davis, 1972; Haberg, 1974; Kaplan De-Nour 

et al., 1968). Osberg, Meares, McKee, and Burnett 

(1982b), in an extensive review of the literature on the 

MMPI as a measure of the emotional correlates of mainte

nance dialysis, found that the typical MMPI profile is 

elevated on scales l^ (Hypochondriasis) , 2̂  (Depression) , 

and 2 (Hysteria) above a t score of 60, and not infre

quently above t. score of 70. Scale 2̂  is often seen to be 

somewhat lower than scales I and 2 (M^her et al., 1983) 

and the repression (R) scale is also seen to be elevated. 

No other scales are consistently elevated for dialysis 

patients (Osberg et al., 1982b). This configuration 

commonly is termed the "neurotic triad." While the exact 
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meaning of this configuration for dialysis patients is 

unclear, especially in the absence of premorbid person

ality characteristics, it can be concluded tentatively 

that these patients are preoccupied with their bodily 

functioning, suffer from mild to moderate dysphoria which 

is likely not be expressed overtly, and their defenses are 

heavily reliant on denial and repression (Osberg et al., 

1982b). The pervasiveness of these defenses can, perhaps, 

be best illustrated in the findings of Kaplan De-Nour et 

al. (1968). These investigators intensively followed nine 

dialysis patients in different stages of treatment for one 

year using psychiatric interviews and several psychologi

cal tests. The most striking finding was that these 

patients were content, functioning relatively well in 

everyday life, and were relatively free of psychiatric 

symptoms, despite their life threatening illness and life 

sustaining treatment. 

A second factor associated with dialysis patients' 

adaptation, only alluded to earlier, is length of dialy

sis. Prolonged exposure to dialysis has been found to 

positively impact on dialysands' psychological adaptation. 

Kaplan De-Nour (1982) , using the Multiple Affective Adjec

tive Checklist (MAACL) on a sample of 102 dialysands who 

had been on dialysis for an average of 3.8 years, found 

anxiety and depression to be within normal limits. Gentry 

and Davis (1972), using the Zung Depression Scale and the 
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Speilberge State Anxiety Inventory, found modest but 

significant correlations between test scores (£ = -.62, £ 

< .05; £ = -.45, £ < .05, respectively) and total number 

of dialysis treatments. According to these authors, 

patients who had received more treatments and who had 

subsequently been on dialysis longer reported much less 

affect than those patients who had been on dialysis for 

shorter periods of time and had received fewer treatments. 

Kutner et al. (1985) found that slightly more than half of 

their sample could be classified as depressed based on the 

Zung Self-Rating Depression Scale, and slightly less than 

half of their sample could be classified as being anxious 

based on the Zung Self-Rating Anxiety Scale. Approximate

ly half of their sample, then, evidenced no symptoms of 

depression or anxiety. Those experiencing little or no 

depression or anxiety were found to have been on dialysis 

for significantly longer periods of time. 

McKee et al. (1982), using a widely employed symptom 

checklist, the SCL-90-R, which assesses current psycho

logical symptoms, found that dialysis patients who had 

been on dialysis for less than one year experienced a 

dramatic reduction in psychological distress over a 

22-month follow-up period. Significant decreases were 

found on 8 of the 12 scales and each correlated with time 

on dialysis (e.g., Obsessive-Compulsive, index = -.47, £ < 

.001; Anxiety index = -.41, £ < .007; Phobic Anxiety, 
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index = -.70, £ < .70, £ < .0003; Paranoid Ideation, index 

= -.51, £ < .001; Psychoticism, index = -.63, £ < .01; 

Positive Symptom Distress Index, index = -.39, £ < .02; 

and Positive Symptom Total, index = -.42, £ < .005). 

Surprisingly, significant reduction in psychological 

distress also was noted for those patients who had been on 

dialysis for more than one year (M = 4.3 years). Signifi

cant correlations were obtained for Paranoid Ideation 

(index = -.53, £ < .0003), Somatization (index = -.40, £ < 

.01), and General Severity Index (index = -.40, £ < .01). 

While the reduction in the former group indicates that 

symptom reduction occurs during the initial stages of 

therapy, they conceded that these latter findings were 

difficult to interpret. Nonetheless, these findings tend 

to reflect a "combination of actual reduction in emotional 

distress and denial of psychological problems" (McKee et 

al., 1982, p. 516). 

Still another factor which further reduces the 

possibility that significant levels of depression will be 

found in research-dialysis populations is patient selec

tion. Devins, Binik, Hollomby, Barre, and Guttman (1981) 

found that very few dialysis patients in their sample 

could be classified as clinically depressed based on 

scores from the BDI, because the patients selected were in 

relatively good health. That is, they were not experienc

ing intercurrent illness often accompanying CRF. 
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In light of these factors--patient selection, length 

of time on dialysis (greater than one year) , ego defen

siveness, all of which potentially operate simultaneous

ly— it is not surprising that depression and anxiety are 

found only in a small percentage of dialysis patients 

(Kutner et al., 1985). As a result, the probability of 

finding a sizable relationship between test performance 

and depression in dialysands participating in research is 

reduced considerably. This does not mean that depression 

and anxiety do not exist in dialysis patients, but rather 

this combination of factors appears to make it very 

difficult for self-report inventories to accurately assess 

dialysands' affective states, especially for those partic

ipating in research. The utility of these self-report 

inventories is questioned further, insofar as they include 

somatic items which overlap and are often a part of the 

spectrum of disease related somatic symptoms associated 

with CRF (Kutner et al., 1985). Endorsement of these 

items may reflect nothing more than an accurate descrip

tion of their current state of physical functioning 

(Goldstein & Reznikoff, 1972). The contribution of these 

items to the total depression score, for instance, may 

lead to the erroneous conclusion that these patients are 

depressed and that depression adversely affects neuro

psychological performance. The inability of such instru

ments to differentiate between disease-related somatic 
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symptoms and vegetative signs of depression limits their 

interpretability and usefulness in determining the pres

ence, extent, and severity of depression, and its subse

quent effect on neuropsychological functioning in dialysis 

patients. 

Given these findings, it appears unlikely that, using 

conventional assessment techniques, dialysis patients will 

be found to be significantly depressed or anxious, unless 

they are in acute distress. Perhaps a more useful method 

would employ current measures of subjective feelings or 

mood states. Measurement of affective states in this 

manner would minimize the contaminating effect and overlap 

between somatic items in depression and anxiety inven

tories and disease-related symptoms. The Profile of Moods 

Scale (POMS) is one such instrument. The POMS not only 

has the advantage of assessing dialysands' current affec

tive state, but it also has the advantage of examining the 

potential relationship between daily biochemical/metabolic 

fluctuations and their effect on mood. 

For instance, the POMS has been used extensively and 

found to be quite sensitive to alterations in mood secon

dary to the administration of neurotransmitter precursors 

(e.g., tryptophan and tyrosine) via high carbohydrate and 

high protein meals, respectively (Leiberman, Corkin, 

Spring, Growdon, & Wurtman, 1983; Spring, 1984; Spring, 

Mailer, Wurtman, Digman, & Cozolino, 1983). The mechanism 



51 

by which dietary neurotransmitter precursors affect the 

synthesis of serotonin and dopamine and norepinephrine is 

beyond the scope of this review. The reader is referred 

to Wurtman (1982) and Spring (1984) for an excellent 

review of how these dietary nutrients compete for uptake 

into the brain with other large neutral amino acids 

(LNAAs) and subsequently modify brain neurotransmitter 

synthesis. The POMS also has been found to be sensitive 

to alterations in mood resulting from the administration 

of a variety of psychotropic drugs, such as anxiolytic-

sedative agents and stimulants such as caffeine (File, 

Bond, & Lister, 1982). 

Memory Functioning as a Function of 
Reduced Time on Dialysis 

Ginn et al. (1978) , using a reversal design, looked 

for alterations in memory functioning as a function of 

reduced time on dialysis. A CMT was utilized to assess 

changes in STM. Memory functioning varied in direct 

proportion to the amount of dialysis received. Patients 

performed significantly poorer, committing a greater 

number of errors, when dialysis time was reduced from five 

hours during a three-month control period to four hours 

during a six-month experimental period. Poor performance 

during the experimental phase also was accompanied by 

increases in serum Cr. The observed decrement in perfor

mance appears to be the result of inadequate dialysis. 
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Memory Functioning Across the 
Interdialytic Cycle 

In addition to studies examining cognitive improve

ment after dialysis onset and changes in memory function

ing as a function of reduced time on dialysis, fluctu

ations in memory functioning in relation to individual 

dialysis treatments also have been investigated. Teschan 

et al. (1974) administered an ASTM task prior to dialysis 

(Dl), 24 hours after dialysis treatment (D2), and again 42 

hours after the last dialysis treatment (Dl) . These in

vestigators found that regardless of the absolute level of 

performance immediately before dialysis treatment, per

formance improved 24 hours after the last dialysis treat

ment when their uremic status is likely to be least toxic, 

and then regressed to previous levels 42 hours prior to 

their next dialysis treatment, when their uremic status is 

again at its most toxic level. It should be noted that no 

statistical procedures were employed; however, Teschan et 

al. (1974) were able to replicate these findings seven 

times (e.g., N = 7) . Similar findings were reported by 

Spehr et al. (1977). Using tachystoscopic presentation of 

numbers to assess STM in 20 dialysands, they found that 

performance improved significantly from the initial scores 

obtained 14 hours prior to dialysis to 14 hours post

dialysis . 

These findings are not unchallenged in the litera

ture. Rasbury, Fennell, Eastman, Garin, and Richards 
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(1979) , using a paired-associate task, tested adolescent 

dialysands (n = 14) and control subjects (n = 14) . The 

mean age of the dialysands was 14.2 years (sd̂  = 2.9). The 

mean age of the control subjects was 13.6 years (sd_ = 

1.9). Because of logistical problems, these investigators 

tested patients immediately before dialysis and one hour 

after dialysis over a three-week period. Alternate forms 

and counterbalancing procedures were used. No subject 

was tested pre- and postdialysis on the same day. There 

were no significant differences in the test performance of 

dialysands and control subjects, nor were there any pre-

to postdialysis (within group) performance differences. 

Significant correlations between BUN and test performance 

were not observed. These results are not easily recon

ciled with previous findings. Although it is duly noted 

by Rasbury et al. (1979) that cross-study comparisons are 

difficult to make because of the obvious methodological 

differences (e.g., comparisons between children and 

adults, time of administration, type of tests adminis

tered) , they feel that lack of pre- to postdialysis 

differences in their study reflects an optimal dialysis 

treatment regimen. For instance, these investigators 

point out that pre- to postdialysis BUN levels were much 

higher in adult studies than those found in their study. 

Thus, "to the extent that BUN reflects the severity of the 

uremic state" (Rasbury et al., 1979, p. 237), it is 
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possible that subjects in those studies were experiencing 

greater cognitive impairment at the beginning of a dialy

sis run and, thus, were more likely to experience greater 

postdialysis improvement than their subjects. Given that 

their subjects, by comparison, were less uremic prior to 

dialysis, these authors suggest that the level of uremic 

toxicity may not have been sufficient to interfere with 

their test performance. Consequently, few pre- to post

dialysis performance differences would be expected. 

Furthermore, the lack of differences between dialysis and 

control subjects adds support to their suggestion that 

their sample of dialysis patients was being optimally 

dialyzed. 

Lewis et al. (1980) employed a paired-associate 

learning task patterned after the WMS and Digit Span to 

assess short-term verbal memory and immediate memory span 

for numbers, respectively, in six dialysis patients across 

four time intervals (e.g., 1, 24, 42, and 66 hours after 

dialysis) . No significant improvements were noted in 

short-term verbal memory across these four time intervals. 

As in other studies (e.g., Ratner et al., 1982), no 

significant improvement was observed in patients' immedi

ate memory span for numbers (Digit Span) across the inter

dialytic cycle. These investigators concluded that unlike 

electrophysiologic and behavioral measures of cortical 

efficiency, tests stressing "cognition" (Digit Span, 
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paired-associate learning) are not susceptible to short-

term fluctuations in uremic status. In view of the small 

sample size (N = 6) , the lack of counterbalancing pro

cedures, and the lack of adequate statistical procedures, 

such a broad and sweeping conclusion is clinically con-

traindicated. In fact, closer inspection of the data 

revealed dialysands' paired-associate learning performance 

was, on the average, better 42 and 66 hours after their 

last dialysis treatment, a time when their uremic status 

is likely at its most toxic level, than 1 and 24 hours 

after their last dialysis treatment, a time when their 

uremic status is at its least toxic level. This inconsis

tent performance pattern and the relative lack of experi

mental control precludes any definitive statement about 

dialysands' learning and memory functioning. 

In summary, those studies examining memory function

ing in patients with CRF generally have found that short-

and long-term memory for verbal information is impaired in 

azotemic, undialyzed patients, and then significantly 

improves after onset of dialysis. Although memory func

tioning improves after dialysis onset, residual memory 

deficits persist in the mild to, perhaps, moderate range 

of impairment. Additionally, it has been demonstrated 

that memory functioning is not only dependent on dialysis 

treatment, but varies as a direct function of the amount 
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of dialysis received (4-hour treatments vs. 5-hour treat

ments) . Furthermore, there is evidence to suggest that 

the systemic accumulation of toxic renal metabolites 

during the interval between dialysis treatments has an 

adverse effect on dialysands' memory functioning. Al

though there is evidence to the contrary, this evidence 

comes from one study with serious limitations in method

ology and another study using children. In regard to the 

latter, it is not known whether the neurobehavioral 

effects of CRF in children are similar to those of adults, 

or whether the consequences of CRF are the same for both 

(Rasbury et al., 1979). Until such time as previous 

findings are replicated, the preponderance of the data 

holds that memory functioning fluctuates from one dialysis 

treatment to the next. 

However, several problems exist with regard to the 

assessment of memory functioning in dialysis patients. 

The most salient problem and the one with which the 

present study is concerned has to do with questions over 

whether the assessment instruments used to assess memory 

(a) adequately measure the construct of memory, and (b) 

help in addressing the questions clinicians and counselors 

often raise in a useful and practical manner. With regard 

to the first point, it cannot be assumed that the instru

ments used by Teschan and his colleagues (e.g., ASTM and 

CMT) adequately measure memory. The effects of response 
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bias and guessing (Klatzky, 1975; Zechmiester & Nyberg, 

1982) were not controlled. Moreover, Teschan et al. 

(1979), in what appeared to be the last of a series of 

studies beginning in 1974, point out that there is ambigu

ity as to what the ATSM task actually measures. It could, 

these authors mention, "potentially measure either of two 

cognitive functions: speed of decision making or accuracy 

of short-term memory processes" (Teschan et al., 1979, p. 

686), but which one cannot be determined because of 

particular response strategies adopted by patients. 

While there is little doubt that the WMS is the most 

widely used neuropsychological instrument in the assess

ment of memory, there is some question as to whether this 

test is useful in distinguishing between memory deficits 

or deficits in learning ability. For example, if an 

individual on iirmiediate recall of the paragraphs achieves 

a raw score 6 out of 27 possible memories, to conclude 

that memory is impaired would be unfair, since delayed 

recall is abnormal because immediate recall is abnormal 

(Heilman et al., 1975). Stated somewhat differently, one 

cannot forget what has not been acquired. Furthermore, 

dialysis patients consistently have shown difficulties on 

tasks of attention and alertness. These functions, as 

nott-'d earlier, are necessary for rehearsal. Thus, it may 

be th.it patients require more time for rehearsal in order 

to acquire information. Dialysis patients then may be 

http://th.it
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unfairly discriminated against on memory tasks where the 

information is presented only once. Without controlling 

for original learning, it becomes difficult to determine 

how much is actually retained. While the use of stan

dardized assessment instruments in the literature allows 

for more direct comparisons between studies, it is evident 

from the studies reviewed to date that original learning 

was not controlled, and consequently, the testing instru

ments do not provide an adequate measure of memory or 

retention. As such, these studies do not provide useful 

information to the clinician to assist with patient 

management. Furthermore, the WMS appears to be more 

closely associated with a test of one trial learning than 

a measure of retention. This issue has been addressed by 

Irene Hulicka in a series of studies (Hulicka, 1966; 

Hulicka & Weiss, 1965) with the aged. In the first of 

these studies (Hulicka & Weiss, 1965), the WMS was not 

used. However, the results from this study were extended 

and related to the WMS in her subsequent study (Hulicka, 

1966). To preserve the logical progression of these 

studies, the former will be discussed in some detail here. 

It should be noted that these studies are critical to the 

present study. 

Hulicka and Weiss (1965) tested the hypothesis that 

deficits in retention, a finding prevalent in the aging 

literature, were primarily associated with the degree of 
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acquisition rather than retention per se. These authors 

used two groups of young and elderly subjects (Group 1 and 

Group 2) who were assigned to three experimental condi

tions: an equal learning condition (i.e., each group 

given same number of trials) , a learning to criterion 

condition, and an overlearning condition. For purposes of 

the present study, only the performance of subjects in the 

equal learning and learning to criterion conditions will 

discussed. Retention was measured at five minutes, twenty 

minutes, and one week. Not unexpectedly, for the equal 

learning condition. Group 1 made significantly greater 

correct responses and, thus, earned significantly higher 

recall scores than Group 2. However, once the differences 

in levels of learning were partialled-out, the two groups 

did not differ for the number of items recalled. A 

significant correlation (£ = .92) was obtained between the 

number of correct responses during acquisition and the 

number of items recalled, which clearly demonstrates that 

recall is highly dependent on acquisition. For the learn

ing to criterion condition, significant differences were 

obtained for number of trials to criterion, with elderly 

subjects taking longer to achieve criterion. However, the 

differences in recall across the three retention intervals 

did not differ significantly between the two groups. To 

rule out the possible confound of overlearning in Group 2, 

as they took longer to achieve criterion, subgroups of 
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Group 1 and Group 2 were matched for trials to criterion, 

and they found no significant differences for recall. 

According to these authors, the lack of group differences 

for recall of information learned to criterion across the 

retention intervals was not attributable to prolonged 

exposure of Group 2 to the material during acquisition. 

Overall, these authors concluded that "inadequate acquisi

tion rather than impaired memory functioning is the 

primary source of deficit in recall scores of elderly 

subjects" (Hulicka & Weiss, 1965, p- 128). They point out 

that although subjects learned less material during the 

equal learning condition, recall scores were not inferior 

to those of younger subjects when recall scores were 

tabulated relative to what they had learned. And while 

elderly subjects required significantly more trials to 

criterion, once they had learned the information to the 

same level as their younger counterparts, they recalled it 

equally well across all three retention intervals. 

Hulicka (1966) extended these findings to the WMS. 

In this study, she examined WMS scores (Information, 

Orientation, Mental Control, Logical Memory, Digit Span, 

Visual Reproduction, Paired-Associate Learning) for 

different age groups and predicted that at least three-

fourths of the age-related decline would be observed on 

the Logical Memory, Visual Reproduction and Paired-

Associate Learning subportions of the WMS. Furthermore, 
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since Logical Memory and Visual Reproduction are given 

only once, which makes it "impossible to partial-out 

contributions of learning and memory on performance" 

(Hulicka, 1966, p. 136), these tests would have higher 

correlations with independent measures of learning than 

with independent measures of recall. This experiment was 

divided into two phases. In phase 1, subjects were 

administered the WMS. In the second phase, these same 

patients participated in a learning-retention study. The 

learning-retention portion of this study was similar to 

the paradigm used by Hulicka and Weiss (1965) discussed 

above. A paired-associate learning task with pictures as 

the stimulus and names as the response was used. Since 

the learning conditions were essentially identical up to 

the fifth trial for all subjects, the author used the 

number of correct responses for the first five trials as 

the learning score. This learning score was then used for 

correlation with the WMS scores. The recall score used 

for correlation with the WMS was the number of names 

recalled correctly 20 minutes after acquisition of the 

list. It should be noted that recall scores for subjects 

in the equal learning opportunity aroups varied directly 

with the number of correct responses during acquisition. 

Because of this overlearning confound, recall data from 

tht.'se groups were not included in the correlational 

iina lysis. There was a significant and not unexpected 
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age-related drop in WMS raw scores. This drop was primar

ily the function of an age-related decline in performance 

on Logical Memory, Visual Reproduction, and Paired-Associ

ate Learning tests. Moreover, these tests correlated more 

highly v;ith independent measures of learning than with 

independent measures of recall. These data, the author 

concludes, suggest "that the WMS may be primarily a 

measure of learning rather than memory" (Hulicka, 1966, p. 

143) , and the decline in performance on these tests as a 

function of age reflects an age-related decline in learn

ing ability rather than impaired memory functioning. 

Although paired-associate tasks were employed in 

several studies to assess STM, the data from these studies 

could have conceivably shed some light into dialysands' 

learning ability since word pairs are presented more than 

once. However, most studies, in keeping with their 

objectives, reported composite scores rather than number 

of trials taken to learn the word pairs (Haberg, 1974; 

Lewis et al., 1980). Similarly, English et al. (1978) 

reported only a deterioration quotient. In general, these 

studies have contributed little to our understanding of 

the learning ability in dialysis patients. Even if these 

investigators had reported the number of trials taken to 

learn word pairs, paired-associate learning tasks with 

only three repetitions give, at best, only a cursory look 

at learning ability (Erickson & Scott, 1977) . 
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Statement of the Problem 

Based on the literature reviewed to date on the 

memory functioning in dialysis patients, there appears to 

be a general consensus among researchers that memory 

functioning in chronic hemodialysands is mildly to moder

ately impaired. Furthermore, these patients' memory 

functioning is largely dependent on the patients' meta

bolic state. While there is enough evidence to support 

the contention that individual patients' memory function

ing is modulated by their metabolic state, exception is 

taken with conclusions that memory is impaired in this 

patient population. First, as noted above, retention 

intervals between test administration of the WMS (Hart et 

al., 1983) are so short that no operational distinction 

can be made between learning and memory (Botwinick & 

Strodant, 1974) . Even with adequate retention intervals 

of 30 minutes, as is commonly used with the WMS-R (McKee 

et al., 1982; Ziesat et al., 1980), the presentation of 

information only once makes it impossible to determine 

whether impaired performance was the result of poor learn

ing ability or memory dysfunction (Hulicka & Weiss, 1965). 

In most of these studies, there appeared to be a floor or 

basal effect which essentially means that very little 

information was initially acquired. If information was 

not initicilly acquired, it follows that there is not 

sufficient information in storage to accurately assess 
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memory. This conclusion is consistent with Heilman et al. 

(1975) , who found that immediate recall scores and delayed 

recall scores did not differ and as such delayed recall or 

LTM is impaired because the immediate portion of the test 

is abnormal. 

The reason for impaired STM is unclear at this time. 

Hemodialysands are known to perform poorly on tests of 

attention, alertness, and vigilance. EEG recordings show 

abnormal slowing, indicating a decrease in CNS arousal is 

consistent with poor performance of these patients on 

measures of attention and vigilance. Given these factors, 

it is conceivable that these patients do not evidence 

memory impairment per se, but rather display problems in 

acquiring or learning material. If attention is below 

expected levels, it could be hypothesized that these 

patients require more rehearsal to acquire information 

(Heilman et al., 1975) and develop organizational strate

gies, and that their ability to acquire and encode infor

mation into storage for later recall is dependent on their 

uremic status. 

By the investigators' failure to address and distin

guish between learning ability and retention, several 

questions of practical and clinical utility remain unan

swered. As previously noted, these questions include the 

following: 
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1. How fast will a patient learn? 

2. How much is he/she likely to carry-over what has 

been learned (Erickson & Scott, 1977)? 

3. When is the best time during the dialysis cycle 

for patients to acquire information? 

The primary purpose of the present study is to 

examine the temporal effects of chronic hemodialysis 

treatment on acquisition and retention. Specifically, 

this study examined whether there are significant changes 

in dialysands' immediate recall, acquisition, and reten

tion across the interdialytic cycle, i.e., the period 

representing the build-up of uremic toxins (predialysis) 

and the elimination of metabolic waste products via 

hemodialysis (postdialysis). These two dialysis periods 

were chosen for observation because hemodialysands, with 

the exception of few patients with residual kidney func

tion, dialyze three times per week. Thus, measurements at 

both these periods are necessary to obtain a representa

tive sample of their learning ability and memory function

ing. This study, then, will attempt to determine whether 

significant changes occur in dialysands' ability to 

acquire and retain information when pre- and postdialysis 

(Dl and D2) performances are compared. Organizational 

strategies, namely subjective organization and its impli

cations for learning and recall, were also examined. It 

should be noted that this aspect of the present study is 
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exploratory. The study will also seek to address whether 

the predicted changes in learning and memory performance 

are associated with changes in serum measures (BUN and 

Cr) . One important variable that needs to be measured is 

the patients' affective state because of its potentially 

adverse effect on dialysands' memory functioning. How

ever, as previously discussed, a number of variables, such 

as ego-defensiveness, length of time on dialysis charac

terizing psychological adaptation, patient selection, and 

the inability of depression inventories to discriminate 

between vegetative signs of depression and disease related 

somatic symptoms, have made it difficult to determine 

adequately dialysands' affective state and its potential 

contribution to neuropsychological performance. Thus, the 

POMS, a current measure of subjective mood states known to 

be sensitive to subtle alterations in mood secondary to 

dietary neurotransmitter precursors and psychotropic 

drugs, was employed. 

To investigate learning and memory functioning, 

multiple-trial free recall learning tests (FRLTs) were 

utilized. A free recall task was chosen for several 

primary reasons: 

1. It allows for examination of immediate memory 

span from the patients' recall after the first trial. 
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2. It allows for inspection of organizational 

tendencies that occur when the order of presented list 

items and the order of recall are discrepant. 

3. Original learning can be controlled by using a 

learning to criterion condition, thus allowing for exam

ination of acquisition. 

4. It allows for examination of recall for learned 

information stored in LTM (Klatzky, 1975). 

The study was designed to test the following hypothe

ses : 

1. Immediate memory span, as measured by recall 

after the first trial, will be significantly worse pre

dialysis (Dl) when dialysands' uremic status is likely at 

its most toxic level than postdialysis (D2) when their 

uremic status is at its least toxic level. 

2. Dialysands, when tested predialysis (Dl) , will 

have greater difficulty learning the FRLTs and thus take 

significantly more trials to achieve the criterion of one 

errorless trial than when tested postdialysis (D2). 

3. Controlling for original learning by having 

dialysands learn verbal material presented auditorially 

(FRLTs) to criterion of one errorless trial, there will be 

no differences in their ability to recall the to-be-

remembered material across the interdialytic cycle. 

4. Dialysands' uremic status will differentially 

affect their efficiency in developing organizational 
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strategies, which will in turn account for the expected 

difficulties in acquisition. 



CHAPTER II 

METHODOLOGY 

Subjects 

Thirty-four chronic hemodialysis patients currently 

under treatment at the South Plains Dialysis Center and 

South Plains Kidney Disease Center in Lubbock, Texas, were 

asked to take part in the study. Of those patients 

approached, only 21 dialysands agreed to participate in 

the study. Three of the 21 participants were excluded by 

necessity from the data analyses. Basically, these three 

persons were either not motivated to complete the test 

tasks or could not complete the test protocol due to 

scheduling difficulties. 

The final research sample consisted of 18 dialysis 

patients (12 males and 6 females) with various types of 

renal disease, ranging in age from 23 to 59 years with 5 

to 18 years of education. The mean age and education were 

40.33 (sd = 11.71) and 12. 16 (sd = 3.60) years, respec

tively. The length of time on maintenance dialysis ranged 

from 12 to 226 months with a mean of 77.94 and standard 

deviation of 58.76. Eight of the 18 patients were Cauca

sian, five were Hispanic, and four were Black. The pro

portion of these demographic variables (age, education, 

69 
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gender, ethnic background) was dependent on the avail

ability of volunteers. Subjects with a history of cere

brovascular disease, brain injury, psychosis, or judged by 

the staff as being medically unstable, or who had been 

hospitalized for intercurrent illness prior to participa

tion in the study, were not included. Each subject was 

paid $30 for participation in the study. 

It should be noted that non-volunteers did not differ 

from volunteers taking part in the present study on the 

major demographic variables described above. Furthermore, 

the proportion and range of the demographic variables for 

non-volunteers were generally consistent with that found 

for the participants who volunteered for the study. For 

instance, of the 13 dialysis patients who declined partic

ipation, 9 were males and 4 were female. They ranged from 

28 to 53 years of age and from 8 to 13 years of education. 

Length of time on dialysis ranged from 22 to 144 months. 

In regard to ethnic background, 6 of the 13 patients were 

Caucasian, 3 were Hispanic, and 4 were Black. Inquiries 

were not made into the patients' reason for declining to 

participate in the study, nor were reasons freely volun

teered by the patients themselves. 

Materials 

Fre^ Rec£ill Verbal Learning Tests 

Two alternate Free Recall Learning Test forms (FRLT I 

and FRLT II), each consisting of 10 minimally related 



71 

nouns, were constructed from a larger list of 925 nouns 

scaled on Abstractness-Concreteness (C), Imagery (I), and 

Meaningfulness (M) (Pavio, Yuille, & Madigan, 1968), and 

classified A and AA according to the Thorndike-Lorge 

frequencies. These task variables, particularly M, are 

well documented as major factors affecting the rate of 

verbal learning (Ellis, 1972; Pavio et al., 1968; Under

wood, 1983) . Given the heterogeneity of the research 

sample, especially with regard to levels of formal educa

tion, and based on earlier work, the FRLTs for this study 

were constructed of words with values high (scores falling 

within a range of 6-7) on I, C, and M, and classified as 

either A or AA by the Thorndike-Lorge frequencies. 

Fifteen randomized orders of the 10 words in each FRLT 

were prepared. The mean and standard deviations of the I, 

C, and M scores for each word in each of the FRLTs are 

listed in Appendix A. The rationale for construction of 

alternate FRLTs of this type and size are several-fold. 

First, alternate forms control for the differential 

effects of these stimulus attributes on learning—some

thing that is often overlooked in the construction of word 

lists used to assess learning and memory abilities in 

clinical practice. Second, alternate forms ensure word 

familiarity and equates for verbal and "concrete sensory 

experience" (Pavio et al., 1968, p. 7) among subjects 

disparate in age and levels of education. Third, earlier 
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work with alcoholic patients undergoing treatment for 

alcohol abuse at Audie Murphy Veterans Memorial Hospital, 

San Antonio, Texas, who, like hemodialysands, are reported 

to exhibit memory impairments—at least for the first 

three to four weeks of abstinence—indicated that FRLT I 

and FRLT II were learned with equal ease, regardless of 

educational achievement. Fourth, pilot data showed that 

the number of words (10) contained in each FRLT could be 

learned to a criterion of one errorless trial over a 

clinically feasible period of time and number of trials 

while still achieving some variance in performance. 

Finally, earlier work found that measures of subjective 

organization could be derived from these short FRLTs, 

allowing for examination of organizational strategies and 

their possible implication on the learning and memory 

abilities of the subjects. 

Profile of Moods Scale (POMS) 

The POMS is a self-report mood questionnaire yielding 

scores on six factors: Tension-Anxiety, Depression-

Dejection, Anger-Hostility, Vigor-Activity, Fatigue-

Inertia, and Confusion-Bewilderment (McNair, Lorr, & 

Droppleman, 1971). The test is composed of 65 adjectives, 

each of which is rated on a five-point scale. The adjec

tives contained in the POMS can be easily understood by 

individuals with as little as a seventh grade education. 

The "Right Now" version of POMS was used. The six scales 
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have an internal consistency of .90 or above, and test-

retest reliabilities of .65 to .74 over a median time of 

20 days in psychiatric outpatients. This test also shows 

concurrent validity correlation coefficients of .77 to .86 

between the Tension-Anxiety and Depression-Dejection 

factors and anxiety and depression as measured by the 

Taylor Manifest Anxiety Scale and Hopkins Symptom Distress 

Scales. Significant sex differences for most POMS fac

tors, using raw scores, were reported in the validation 

studies. To eliminate treatment by sex interactions from 

consideration, raw scores were converted to t̂  scores for 

use in the data analyses. 

Procedure 

All subjects were seen individually and administered 

the tests in the same order, POMS followed by a FRLT. The 

instructions on the POMS were modified to accommodate the 

"Right Now" version of the test and were read verbatim to 

each subject to make sure that the patient understood the 

task requirements. On those occasions when the patient 

asked for the meaning of a word, a brief definition was 

provided. The presentation of each FRLT followed a 

study-test paradigm, with each word during the study 

period presented orally at two-second intervals. After 

presentation of the last item of the study trial, subjects 

began the test trial under the instructions to recall as 

many of the previously presented words without regard to 
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the order of recall. Subjects were given one minute for 

recall and their responses were recorded on the test form 

in the order of output. The study test presentation of 

the FRLTs was repeated until each subject achieved a 

criterion of one errorless trial. Four learning and 

memory performance measures (immediate memory, acquisi

tion, retention, and subjective organization) were ex

tracted from the FRLT protocols for use in the data 

analyses. Immediate memory was defined as the number of 

words correctly recalled on the first test trial. Acqui

sition was defined as the number of trials needed to reach 

criterion of one errorless trial. Retention was defined 

as the number of correct responses recalled after a 

15-minute retention interval. Subjects were engaged in 

conversation during the retention interval to prevent 

rehearsal of the to-be-remembered material. Since sub

jects were tested on two consecutive days, they were 

informed of the delayed recall procedure on the first day 

of testing. The sequential ordering effect, subjective 

organization, was measured according to the Intertrial 

Repetition (ITR) method advocated by Bousfield and 

Bousfield (1966). This method has been found to be less 

cumbersome and more useful than Tulving's (1962) subjec

tive organization measure (Wood, 1972) . An ITR unit is 

defined as the unidirectional occurrence of two items 

appearing in succession during recall on the first trial 
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(Trial t) and again on the second trial (Trial t + 1) . 

Thus, measures of ITR can be computed for a given subject 

for any trial after the first. The obtained ITR's (0-ITR) 

corrected for expected ITR's (E-ITR), or chance occur

rences, represent the total amount of organization in the 

subjects' recall for each successive trial pair. This 

number was designated as O-E ITR. The sum total of O-E 

ITRs for each subject was used to make the comparison 

among means between treatment days. 

Each subject received the test battery on two con

secutive days. As mentioned above, the subjects partici

pating in this study were on a three times per week 

dialysis regimen. Patients dialyze either Monday, Wednes

day, Friday (MWF), or Tuesday, Thursday, Saturday (TThS). 

It is evident that Monday, for patients dialyzing on an 

MWF schedule, and Tuesday, for patients dialyzing on TThS, 

are preceded by two days of no dialysis. Thus, each MWF 

and TThS subject was tested only after they had undergone 

their first weekly dialysis treatment (e.g., Monday or 

Tuesday). The testing schedule for MWF and TThS patients 

is outlined in Table 1. Predialysis (Dl) testing was 

carried out approximately one hour before the patients' 

dialysis treatment. Those patients tested on the days 

between their dialysis treatments (D2) were administered 

the tests between 19 and 27.25 hours after their last 

dialysis session. This period of approximately 24 hours 
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Table 1. Testing Schedule. 

Predialysis Postdialysis Predialysis 

Testing (Dl) Testing (D2) Testing (Dl) 

M, W, F Subjects Wednesday Thursday 

Tuesday Wednesday 

Thursday Friday 

T, Th, S Subjects Thursday Friday 

Friday Saturday 
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was chosen because patients are relatively clean, meta-

bolically, and it allows the patient sufficient time to 

recover from the disequilibrium effects often associated 

with dialysis treatment. All patients were tested at 

approximately the same time each day in order to minimize 

diurnal performance variations (Ratner et al., 1983). 

The two treatment orders identified for this study 

were completely counterbalanced. Subjects were randomly 

assigned to the different treatment orders. However, 

complete counterbalancing of the FRLTs was not possible. 

Table 2 illustrates the counterbalancing arrangement. It 

will be noted that only four complete replications of the 

proposed sequence possible, accommodating 16 subjects. 

Only one half of the proposed fifth sequence was com

pleted. This does not appear to be problematic with 

regard to data analyses for several reasons: 

1. The treatments (Dl and D2) were completely 

counterbalanced. 

2. Examination of the sequence given subject 17 and 

18 indicates that although a complete replication of the 

entire fifth sequence was not possible, tho FRLTs like the 

associated treatment were counterbalanced. The experi

mental design is outlined in Figure 1. 

Blood Analysis 

Blood samples were taken on both testing days. In 

ordt3r to approximate as closely as possible the patients' 
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Table 2. Counterbalancing Arrangement of Treatments and 
Test Administration. 

Complete 
Replication 

n = 16 

Incomplete 
Replication 

n = 2 

Subjects 

SI 

S2 

S3 

S4 

S17 

S18 

Order 1 

Dl 

D2 

Dl 

D2 

D2 

Dl 

FRLT 

FRLT 

FRLT 

FRLT 

FRLT 

FRLT 

I 

I 

II 

II 

I 

II 

Order 2 

D2 

Dl 

D2 

Dl 

Dl 

D2 

FRLT 

FRLT 

FRLT 

FRLT 

FRLT 

FRLT 

II 

II 

I 

X 

II 

I 

Pre-postdialysis 
Dl D2 

Order 

Days 

n = 9 n = 9 

Post-predialysis 
D2 Dl n = 9 n = 9 

Figure 1. Experimental Design. 
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predialysis (Dl) metabolic state at the time of testing, 

blood samples on Dl were drawn after the testing had been 

completed, while the patient was being placed on the 

dialysis machine, but before commencement of the actual 

treatment. Blood was drawn by the patient's primary 

nurse. On D2, blood was drawn after completion of the 

testing session by a registered nurse or registered 

bio-medical technician. Authorization to draw the neces

sary 7-10 mis of blood for serum analysis from each 

patient on each of the two treatment days was obtained 

from each facility medical director. Serum analyses were 

conducted by independent laboratories (Southwest Clinical 

Laboratories, Lubbock, Texas, and International Clinical 

Laboratories, Inc., Dallas, Texas) under contract to the 

SPDC and West Texas Renal Laboratory, respectively. 

Laboratory costs were paid from research monies. Because 

of the critical role BUN and Cr play in the uremic syn

drome (Glenn Stanbaugh, MD, personal communication) , only 

these chemistries were selected for inclusion in the 

study. 

Informed consent was obtained by having each subject 

sign a consent form approved by the Texas Tech University 

Human Subject Welfare Committee (Appendix B) . The consent 

forms were read to each patient to ensure a complete 

understanding of what was required of them. 



CHAPTER III 

RESULTS 

A single-factor analysis of variance (ANOVA) with 

repeated measures was used to determine whether signifi

cant differences occurred in serum chemistry levels across 

the interdialytic cycle (e.g., the predialysis [Dl] build 

up of renal metabolites and subsequent reduction of uremic 

toxins postdialysis [D2]). A two-factor ANOVA with one 

repeated measure was used to separately determine pre- and 

postdialysis (D1-D2) performance differences on learning 

and memory tasks and mood. Before reporting the obtained 

results, it is necessary to elaborate on the problems of 

statistical inference and the decision rules adopted to 

deal with the increased vulnerability to Type I error 

because of the number of analytical comparisons performed 

in this study. 

The results of the ANOVAs presented in the summary 

tables are reported with both adjusted and unadjusted 

alpha levels. Adjusted alpha levels are reported in order 

to exert some control over the probability of committing a 

Type I error. Fixing the Type I error at the .05 level of 

significance yielded an experiment-wise alpha level of 

.659. A experiment-wise error rate of 4.9 percent was 

80 
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obtained by setting alpha at .002. An alternative cor

rective method for controlling the cumulation of Type I 

error when several comparison are analyzed requires that 

an a priori determination of comparisons of primary and 

secondary importance be made. This method assumes that 

the consequences of committing a Type I error among all 

the comparisons are not equally serious. Thus, a set of 

alpha levels can be allocated unequally among the dif

ferent comparisons, with the greatest probability of 

committing a Type I error being shared by the comparisons 

of primary importance (Keppel, 1982; Kirk, 1968). A 

priori determinations of the relative im.portance of the 

dependent measures, with the possible exception of the ITR 

measure, were not possible because of the suspected 

interdependence of variables under study. However, this 

corrective measure is not entirely satisfactory because 

the probability of committing a Type II error is now 

increased. By far, independent replication of this 

experiment would provide the most satisfactory solution to 

this problem. As noted by Keppel (1982), "the ultimate 

test of any significant finding is its repeatability" (p. 

74) . Although the results are reported with both unad

justed and adjusted alpha levels, they will be discussed 

at the unadjusted alpha level of .05 with the full reali

zation that confirmation and/or disconfirmation of the 

observed phenomena will have to await future replication. 
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In regard to hypothesis number two, which specifically 

sought to retain the null hypothesis, a more stringent 

probability level of .25 was adopted. Utilization of a 

higher probability level substantially adds a measure of 

confidence in accepting the null hypothesis. 

Pre- and postdialysis (D1-D2) means and standard 

deviations for each dependent variable are presented in 

Table 3. Pre- and postdialysis means and standard devi

ation for each POMS factor are presented in Table 4. 

Inspection of the mean BUN and Cr values shows that these 

serum measures are higher on Dl (predialysis) than on D2 

(postdialysis) , and that they are well above the normal 

range. The normal range for BUN and Cr is between 6-26 

mg/dl and 0.6-1.5 mg/dl, respectively. It should be noted 

that one subject had BUN values within the normal range; 

Cr values were, however, clinically elevated (Dl: 4.7 

mg/dl; D2: 4.3 mg/dl). The relative pattern of fluctuat

ing BUN levels for this subject (predialysis [Dll in

creases and subsequent postdialysis [D2] decreases) 

closely paralleled that of his clinical counterparts. 

Post-hoc examination of predialysis (Dl) BUN values for 

the remaining sample showed that BUN values ranged from 

56-105 mg/dl, values typical of adequately dialyzed 

patients (Ratner et al., 1983). 

Before the hypotheses concerning the effect of 

change in serum chemistry on learning and memory abilities 
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Table 3. Means and Standard Deviations for Pre- and 
Postdialysis Blood Chemistries and Learning 
and Memory Performance Measures. 

Dependent Variables Dl D2 

Blood Urea Nitrogen (BUN) 
Mean 
SD 

Creatinine 
Mean 
SD 

Immediate 
Mean 
SD 

'• (Cr) 

Memory 

Acquisition 
Mean 
SD 

Retention 
Mean 
SD 

O-E ITR 
Mean 
SD 

68.72 
17.27 

14.21 
3.87 

5.83 
1.58 

6.16 
3.83 

8.66 
1.08 

2.21 
3.68 

48.38 
13.62 

10.92 
3.42 

5.83 
1.42 

6.72 
3.86 

8.72 
1.07 

2.98 
4.45 
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Table 4. Means and Standard Deviations for Pre- and 
Postdialysis POMS Factors. 

Dependent Variables Dl D2 

Tension 
Mean 
SD 

Depression 
Mean 
SD 

Anger 
Mean 
SD 

Vigor 
Mean 
SD 

Fatigue 
Mean 
SD 

Confusion 
Mean 
SD 

3 6 . 8 3 
7 . 0 1 

3 7 . 0 5 
5 . 5 0 

4 0 . 1 6 
5 . 7 2 

6 1 . 7 2 
1 0 . 9 4 

4 7 . 0 5 
9 . 1 4 

3 6 . 6 6 
2 . 5 8 

3 4 . 2 2 
5 . 3 5 

3 5 . 8 8 
3 . 1 2 

4 0 . 0 0 
6 . 1 3 

6 2 . 5 0 
1 1 . 4 2 

4 4 . 7 7 
9 . 3 5 

3 5 . 6 6 
3 . 5 4 



85 

can be evaluated, it is necessary to first determine if 

there was a change in BUN and Cr across the interdialytic 

cycle. ANOVA summary tables are presented in Table 5. As 

expected, significant pre- and postdialysis (D1-D2) dif

ferences were observed for both serum measures (BUN: F = 

85.37, df = 1, 17, £ = < .001; Cr: F = 70.57, df = 1, 17, 

£ < .001). Unquestionably, these results demonstrate that 

dialysands' metabolic condition is in a constant state of 

flux. Given these dramatic changes in serum chemistry, 

inquiry into the effect of these changes in serum chemis

try on learning and memory functions is warranted. ANOVA 

summary tables for each learning and memory measure are 

presented in Table 6. 

The first hypothesis predicted that immediate recall 

performance would be worse predialysis (Dl), when dialy

sands ' uremic status is likely at its most toxic level, 

than postdialysis (D2), when their uremic status is at its 

least toxic level. No significant main effect in dialy

sands' ability to immediately recall the word lists was 

observed (F = 0.0, df = 1, 16, £ = 1.00). No significant 

Order X Days (pre- and postdialysis) interaction was 

observed (F = 1.45, df = 1, 16, £ = .25), suggesting that 

practice secondary to repeated administrations exerted 

little effect. Thus, the first hypothesis received no 

support. 
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Table 5. Summary for Single-Factor Analysis of Variance 
with Repeated Measures for BUN and Cr. 

Days 

Subject 

Error 

Total 

Cr 

Days 

Subject 

Error 

Total 

Source SŜ  df 

BUN 

ms 

3721.00 1 3721.00 85.37 < .001 

7488.89 17 440.53 

740.99 17 43.59 

11950.88 35 

97.02 1 97.02 70.57 < 001 

431.24 17 25.367 

23.37 17 1.37 

551.63 35 

Note: Significant with adjusted alpha at .002. 
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Table 6. Summary for Two-Factor Analysis of Variance with 
One Repeated Measure for the Learning and Memory 
Performance Measures. 

Source SS df ms 

Immediate Memory 

Order (A) 1.78 

Error 

Days (B) 

A X B 

Error 

Total 

63.22 

0 

0.99 

11.00 

76.99 

16 

16 

35 

1.78 

3.95 

0 

.99 

.69 

0.45 .51 

0 1.00 

1.45 .25 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 

Acquisition 

Order (A) 

Error 

Days (B) 

A X B 

2.78 

359.11 

2.78 

7.11 

1 

16 

1 

1 

2.78 

22.44 

2.78 

7.11 

0.12 

— 

0.32 

0.84 

.73 

— 

.58 

.38 

Error 

Total 

135.11 

506.89 

16 

35 

8.44 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 
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Table 6. (Continued) 

Source SS df ms 

Retention 

0 . 0 3 

1 .38 

0 . 0 3 

0 . 6 9 

0 . 0 2 

— 

0 . 0 3 

0 . 6 6 

. 8 6 

— 

. 8 5 

. 4 3 

Order (A) 0.03 1 

Error 22.11 16 

Days (B) 0.03 1 

A X B 0.69 1 

Error 16.78 16 1.05 

Total 39.64 35 

Note: No significant differences with adjusted alpha 
of .25. 

O-E ITR 

Order (A) 21.63 1 21.63 0.80 .39 

Error 433.43 16 27.09 

D a y s (B) 

A X B 

T o t a l 

5 . 3 1 

0 . 2 6 

5 7 4 . 2 1 

iH
 

1 

35 

5 . 3 1 

0 . 2 6 

0 . 7 5 

0 . 0 4 

. 4 0 

. 8 3 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 
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The second hypothesis stated that dialysands, when 

tested predialysis (Dl), would have greater difficulty 

learning the FRLTs and, thus, take significantly more 

trials to achieve the criterion of one errorless trial 

than when tested postdialysis (D2) . No significant 

differences were noted in dialysands' ability to learn the 

FRLTs across the interdialytic cycle (F = .32, df = 1, 16, 

£ = .58) . The lack of observed differences does not 

appear attributable to order or practice effects (Order: 

F = .12, df = 1, 16, £ = .73; Order X Days interaction: F 

= .84, d^ = 1, 16, £ = .38). This hypothesis was reject

ed. 

The third hypothesis predicted that if one controls 

for original learning by having hemodialysands learn 

verbal material presented auditorially (FRLTs) to a 

criterion of one errorless trial, there would be no dif

ferences in their ability to recall the to-be-remembered 

material across the interdialytic cycle. Stated another 

way, dialysands, regardless of their uremic status, would 

have no difficulty in remembering previously learned 

material. Because of the potential confound of overlearn

ing (e.g., increased retention scores secondary to differ

ential or increased exposure to the learning material) an 

analysis of covariance (ANCOVA) was originally proposed to 

test this hypothesis. Pearson product-moment correlations 
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(£) were computed to clarify this issue. The intercorre

lations between learning and memory measures are presented 

in Table 7. It can be seen that the concomitant relation

ship between the number of trials required to criterion 

and number of v̂ ords correctly recalled (predialysis [Dl] : 

jr = -.13; postdialysis [D21 : r = .04) was not significant. 

The small magnitude of the correlations between acquisi

tion and retention suggests that whatever variations are 

present in dialysands' retention performance, they cannot 

be substantially accounted for by the differences in 

acquisition scores. Given that the magnitude of concomi

tant relationship between these variables is small and 

well below the prerequisite of .60 for ANCOVA, an ANOVA 

was utilized to evaluate this hypothesis. Adopting a more 

stringent alpha level at .25, hemodialysands were shown 

not to vary in their ability to recall previously learned 

material (F = .03, d^ = 1, 16, £ = .85). Neither order 

nor practice effects were observed to be contributing 

factors (Order: F = .02, df̂  = I, 16, £ = .86; Order X Days 

interaction: F = .66, d^ = 1, 16, £ = .43). Therefore, 

this hypothesis received full support. 

The fourth hypothesis predicted that the dialysands' 

uremic status would differentially affect their efficiency 

in developing organizational strategies (ITR), which in 

turn would account for the expected difficulties m 

acquisition. It will be recalled that an ITR was defined 
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Table 7. Intercorrelations (r) Between Immediate Memory, 
O-E ITR, Acquisition, and Retention. 

Immediate 

O-E 

Dl 

D2 

ITR 

Dl 

Immediate O-E ITR Acquisition Retention 

72*** .41 

63** -.11 

.33 .18 

D2 -- .29 .18 

Acquisition 

Dl — -.13 

D2 — .04 

Retention 

Dl 

D2 

**£ < .01, two-tailed test. 
***£ < .001, two-tailed test. 
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as the unidirectional occurrence of a word pair on two 

successive recall trials. To test this hypothesis mea

sures of ITR were computed from the first through the last 

trial for each subject. The sum totals of O-E ITRs for 

each subject were used to make the comparison among means 

between treatment days. No significant predialysis (Dl) 

and postdialysis (D2) differences were found in their 

ability to form ITRs (F = .75, d^ = 1, 16, £ = .40). 

Order and the Order X Day interaction were nonsignificant 

(F = .80, d^ = 1, 16, £ = .39; F = .04, df = 1, 16, £ = 

.83; respectively). Furthermore, subjective organization, 

as assessed in this study, was not found to significantly 

impact dialysands' learning and memory functioning. Table 

7 lists the intercorrelations (Pearson product-moment 

correlations coefficients) between these measures. Thus, 

this hypothesis received no support. 

Additional analyses were undertaken to determine 

whether there was a progressive increase in subjective 

organization. This determination was done by comparing 

the O-E ITR scores obtained on the first and last two 

recall trials for Dl and D2, separately. To make these 

determinations, t-tests on correlated means were per

formed. Progressive increases in subjective organization 

were not noted for either treatment day (predialysis [Dl]: 

t = -1.84, df_ = 17, £ = .08; postdialysis [D2]: t = 

-1.29, d^ = 17, £ = .21). Inspection of the recall 
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protocols showed a very high degree of variability in the 

formation and maintenance of ITRs over trials. The O-E 

ITR values on Dl ranged from -.67 to 1.5 for the first two 

trials and from -.7 to 4.3 on the last two trials. The 

O-E ITR values for D2 ranged from -.62 to 3.4 for the 

first two trials and from -.8 to 4.2 on the last two 

trials. It can be seen from the examination of the last 

two trials for Dl and D2 that some subjects learned the 

FRLTs without the formation of any ITRs. A lack of 

consistency in the maintenance of previously formed ITRs 

over successive trials was also observed. For instance, 

subjects having formed several ITRs on a given recall 

trial failed to maintain previously formed ITRs or form 

new ITRs on subsequent trials. This phenomenon resulted 

in three or four intervening trials being devoid of ITRs 

in some cases. Resumption of ITR formation was in several 

cases equal to or lower than had been attained earlier. 

At other times, it was observed that the last trials were 

devoid of ITRs, though ITRs had been formed previously. 

Pearson product-moment correlations {r) of each 

learning and memory measure with each serum measure and 

number of months on dialysis treatment for Dl (predialy

sis) and D2 (postdialysis) are presented in Table 8. 

Correlations between pre- and postdialysis (D1-D2) imme

diate memory, acquisition, retention, and O-E ITR scores 

and BUN and Cr values were nonsignificant. The relative 
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Table 8. Correlation Between BUN, Cr, and Time on 
Dialysis with Pre- and Postdialysis Learning 
and Memory Performance Measures. 

Measure r with BUN r with Cr r with Time 

Immediate Memory 

Dl -.15 -.29 -.13 

D2 -.42 -.20 -.22 

Acquisition 

Dl -.08 .11 -.21 

D2 .38 .13 -.32 

Retention 

Dl .04 -.13 -.14 

D2 .27 .01 .26 

O-E ITR 

Dl -.26 -.01 .02 

D2 .07 .10 .08 
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lack of a significant concomitant relationship between 

serum chemistry and learning and memory tests is consis

tent with the results noted above. That is, the effects 

of changes in serum chemistry on learning and memory test 

performance in this study appear negligible. Similarly, 

no significant correlations were found between the number 

of months on dialysis therapy and performance on any test 

measure. 

On the other hand, education, and to a lesser extent 

age, did appear to have a significant effect on learning 

and memory test performance. Pearson product-moment 

correlation coefficients are presented in Table 9. More 

highly educated subjects (e.g., subjects with more than 12 

years education) had higher immediate recall scores 

(predialysis [Dl]: £ = .57, £ < .01; postdialysis [D2]: 

r_ = .64, £ < .01), and took fewer trials to learn the 

FRLTs to criterion (predialysis [Dl]: r_ = -.49, £ < .05; 

postdialysis [D21 : r_ = -.70, £ < .01) than less educated 

subjects. Although education was also seen to affect 

retention scores in the indicated direction, its effect 

was restricted to the dialysands' predialysis (Dl) per

formance (£ = .56, £ < .05). Age correlated significantly 

only with predialysis (Dl) immediate memory and acquisi

tion scores (£ = -.50, £ < .05; r = .46, £ < .05; respec

tively) . The correlation between age and predialysis (Dl) 

retention scores did, however, approach significance (r = 
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Table 9. Correlations Between Age, Education, and Time on 
Dialysis and Immediate Memory, Acquisition, and 
Retention. 

Retention 

0--E 

Dl 

D2 

ITR 

Dl 

D2 

Measure £ with Age £ with Education 

Immediate 

Dl -.50* .57* 

D2 -.31 .64** 

Acquisition 

Dl .46* -.49* 

D2 .13 -.70** 

-.43 .56* 

-.36 .04 

.05 -.10 

-.31 .09 

*p < .05, two-tailed test. 
**p < .01, two-tailed test. 
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-.43, £ = .07) . In regard to age, these results suggest 

that older subjects (e.g., subjects over 40 years of age) 

recall less information on tasks of immediate memory, take 

more trials to learn information to criterion, and tend to 

have poorer recall of previously learned information 

relative to their younger counterparts. It is curious 

that the correlations between age and learning and memory 

measures were, for the most part, observed when subjects 

were tested on their predialysis (Dl) day and not on 

postdialysis (D2) testing. While subject differences were 

held constant by using the same subject in each treatment 

condition, it is well known that the "same subject is not 

the same person each time he or she is tested" (Keppel, 

1983, p. 13). Thus, individual differences may have 

accounted for these results. While the effects of age and 

education on test performance are undesirable and unex

pected based on earlier work with alcoholics, they were 

perhaps inevitable given the heterogeneity of the sample 

population. It should be noted that the age and education 

cut-offs, while arbitrarily chosen, do divide the research 

sample into approximately equal halves. Furthermore, it 

should be kept in mind that of the eight subjects compris

ing the older group, five of them had fewer than 12 years 

of education. In fact, these five subjects comprise the 

low education subgroup. 
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Before discussing the possible effects of mood on 

repeated learning and memory test performance (e.g., 

across the interdialytic cycle), it is first necessary to 

determine whether significant changes in mood occurred 

from Dl to D2, and if so, are the changes in mood associ

ated with changes in serum chemistries (BUN and Cr) . 

Figure 2 shows the mean mood profile obtained on Dl and 

D2. With the exception of vigor, all clinical scales on 

the POMS were within normal limits (t score = 50 + 10) . 

Examination of the means for each mood factor listed in 

Table 4 indicates an increase in positive affect on D2 

relative to Dl. While these changes are in the indicated 

direction, only fatigue and confusion were found to 

significantly change across the interdialytic cycle. 

Although a significant main effect (£ = 5.04, d^ = 1 , 16, 

£ = .04) for fatigue was observed, interpretation of this 

finding must remain equivocal because of the presence of a 

significant Order X Days interaction (£ = 5.04, d^ = 1, 

16, £ = .039). These results suggest that while dialy

sands reported slightly more fatigue postdialysis (D2) 

when tested according to order one, they reported signifi

cantly less fatigue on D2 than on Dl when tested according 

to order two. While the main effect for confusion was not 

significant, a significant ordinal Order X Days inter

action was observed (F = 17.84, df̂  = 1, 16, £ < .001), 

suggesting an increase in mental efficiency on D2 relative 
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to Dl. The ANOVA summary tables are presented in Table 

10. Pearson product-moment (£) correlations between each 

mood factor and BUN and Cr for Dl and D2 are presented in 

Table 11. No significant correlations were observed on 

either day for any of these variables. Similarly, length 

of time on dialysis did not correlate significantly with 

any of the mood measures. Overall, these results suggest 

that mood is minimally affected, if at all, by changes in 

serum measures, the dialysis regimen itself, or length of 

time on maintenance dialysis. These findings are consis

tent with the mean profile noted in Figure 2. Dialysands 

tend to report a sense of ebullience and vigorousness and 

little, if any, negative affect, regardless of which day 

in their dialysis cycle they are assessed. 

As noted above, all the clinical scales on the POMS 

were within the normal range, with the exception of vigor, 

and as such would not be expected to significantly affect 

learning and memory test performance. Given that only one 

clinical elevation, that of vigor, was noted, it was 

deemed appropriate to compute a Pearson product-moment (£) 

correlation for vigor with each learning and memory 

measure on each day (D1-D2) , separately. Vigor was found 

to significantly correlate with performance on long-term 

retention (£ = -.68, £ < .01), but only on Dl (predialy

sis) . These results suggest that vigor appears to have an 

adverse effect on dialysands' ability to recall previously 
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Table 10. Summary for Two-Factor Analysis of Variance for 
Mood Factors. 

Source SS df ms 

Tension 

Order (A) 20.25 1 20.25 0.39 .55 

Error 828.22 16 51.74 

Days (B) 61.36 1 61.36 2.40 .14 

A X B 66.69 1 66.69 2.61 .12 

Error 408.44 16 25.53 

Total 1384.96 35 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 

Depression 

Order (A) 10.03 1 10.03 0.32 .58 

Error 498.44 16 31.15 

Days (B) 12.25 1 12.25 1.27 .28 

A X B 17.36 1 17.36 1.79 .20 

Error 154.89 16 9.68 

Total 692.97 35 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 
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Table 10. (Continued) 

Source 

Anger 

Order (A) 

Error 

Days (B) 

A X B 

SS 

17.36 

628.89 

0.25 

51.36 

df 

1 

16 

1 

1 

ms 

17.36 

39.31 

0.25 

51.36 

F 

0.44 

— 

0.01 

1.63 

£ 

.52 

— 

.93 

.22 

Error 504.89 16 31.56 

Total 1202.75 35 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 

Vigor 

Order (A) 

Error 

Days (B) 

A X B 

Total 

441.00 

3544.56 

5.44 

4.00 

4261.56 

1 

16 

1 

1 

35 

441.00 

221.54 

5.44 

4.00 

1.99 

— 

0.33 

0.24 

.17 

— 

.58 

.63 

Note: No significant differences with adjusted alpha of 
.002 or unadjusted alpha of .05. 
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Table 10. (Continued) 

Source SS ms 

Fatigue 

Order (A) 

Error 

Days (B) 

A X B 

Error 

Total 

124.69 

2588.56 16 

46.69 

46.69 

148.11 16 

2954.74 35 

124.69 

161.78 

46.69 

46.69 

9.26 

0.77 39 

5.04 .04* 

5.04 .04* 

Note: No significant differences with adjusted alpha of 
.002; *significance with unadjusted alpha at .05. 

Confusion 

Order (A) 

Error 

Days (B) 

A X B 

Total 

1.78 

224.22 16 

1.78 

14.01 

0.13 .72 

8.99 

53.78 

36.98 

1 

1 

35 

8.99 

53.78 

2.99 

17.84 

.10 

< .001* 

Note: No significant differences with adjusted alpha of 
.002; *significance with unadjusted alpha of .05. 
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Table 11. Correlations Between Mood Factors and BUN, Cr, 
and Time on Dialysis. 

£ with Time 
Measure £ with BUN r with Cr on Dialysis 

Tension 

Dl .02 .21 -.02 

D2 .16 .09 .21 

Depression 

Dl -.10 .20 .14 

D2 .03 .07 .29 

Anger 

Dl -.04 .17 .11 

D2 .11 .04 .30 

Vigor 

Dl -.20 -.15 -.15 

D2 -.16 -.19 -.19 

Fatigue 

Dl .02 .20 .10 

D2 .09 -.03 .16 

Confusion 

Dl .28 .31 .06 

D2 .15 .16 .21 

Note: No significant differences with alpha set at .05, 
two-tailed test. 
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learned material from long-term memory, at least on pre

dialysis (Dl) testing. However, the apparent relationship 

between vigor and dialysands' long-term recall ability is 

somewhat deceiving and misleading. As noted above, reten

tion was found to be significantly affected by dialysands' 

level of education and, to a lesser extent, by age. That 

is, older and less-educated subjects tend to recall, on 

the average, less of previously learned material than 

younger and better-educated subjects. Similarly, pre

dialysis (Dl) vigor scores were found to be significantly 

correlated with education (£ = -.68, £ < .01). As in the 

case with retention, the correlation of vigor with age 

approached significance (£ = .43, £ = .07). On the basis 

of these results, then, it appears that older and less-

educated individuals tend to have poorer long-term recall 

while reporting an increased sense of vigor than their 

younger and more-educated counterparts. To clarify the 

effects of vigor on dialysands' long-term recall ability, 

a second order partial correlation between predialysis 

(Dl) vigor and retention scores, with age and education 

held statistically constant, was computed. A significant 

correlation coefficient was obtained (£ = -.48, £ < .03). 

The presence of a significant relationship between vigor 

and long-term recall ability after controlling for age and 

education is puzzling. Closer examination of the POMS 

protocols suggests that other sources of uncontrolled 
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variance, specifically response bias, may account for the 

residual significant relationship. This possibility will 

be addressed in more detail below. 



CHAPTER IV 

DISCUSSION 

Discussion of the Study 

Although systematic and dramatic physiochemical 

changes in dialysands' uremic status were observed before 

and after dialysis, the results of this study indicate 

that dialysands' performance on the learning and memory 

tests used in the present study is relatively unaffected 

by the short-term effects of hemodialysis. Before con

sidering the possible reasons for the lack of pre- to 

postdialysis (D1-D2) performance differences on these 

measures and the discrepancies between these data and the 

results of previous investigations, it should be noted at 

the outset that direct comparisons between studies cannot 

be made because of differences in methodology, procedures, 

instrumentation, and time of testing. In drawing cross-

study comparisons, the best one can hope for is corrobo

ration, albeit indirectly. 

Immediate memory span performance in dialysands did 

not differ across the interdialytic cycle, nor was perfor

mance significantly related to serum Cr and BUN levels. 

These results are consistent with those investigations 

reporting Digit Span scores (Hart et al., 1983; Lewis 

107 
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et al., 1980; Ratner et al., 1982). In each case, the 

reported scores for dialysands were found to be within 

normal limits. Ratner and his colleagues reported the 

mean raw score for Digit Span—Forward to be 6.7 (sd = 

1.5), 6.5 (sd̂  = 0.9), and 7.1 (sd = 1.2) pre-, post-, and 

predialysis, respectively. Hart et al. (1982) reported 

mean postdialysis (D2) raw scores of 5.8 {sd_ = 1.0) for 

Digit Span—Forward and 4.7 (sd_ = 1.1) for Digit Span— 

Backward. Lewis et al. (1980) reported that the average 

combined raw scores for digits forward and backward was 

11.73 (^ = 1.47 one hour after dialysis and 11.91 (sd_ = 

1.63) 24 hours after dialysis. Admittedly, immediate 

memory for numbers is inherently different from immediate 

word span because of the introduction of a number of 

dimensions (i.e., verbal attributes such as C, I, M, and 

frequency of occurrence) . However, Lezak (1979) , in her 

review of memory tests and assessment techniques, notes 

that immediate memory for words in normal subjects tends 

to be within one to two points of Digit Span scores. On 

the basis of these, studies, it appears that the pre- and 

postdialysis (D1-D2) immediate memory span in dialysands 

does not differ from the norm, at least not on tasks 

utilizing familiar, everyday words. This is, perhaps, not 

surprising since immediate span for numbers does not 

distinguish brain damaged or aged from normals (Botwinick 

& Stordant, 1974) . Additional support for this conclusion 
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comes from the failure of Hart et al. (1982) to find any 

difference in the postdialysis performance ot dialysands 

and normal controls on their free verbal learning task, 

and the remarkable consistency between the performance of 

dialysands in the present study and the performance of 

normal subjects reported by Talland (1965, 1968). In the 

latter series of studies, normal subjects tested with 

lists composed of familiar one-syllable words had an 

average immediate recall score of approximately 5.0. In 

the present study, the average immediate recall of words 

on both Dl and D2 was approximately 5.8 (see Table 3). 

Similarly, no pre- to postdialysis differences in 

acquisition were observed. These results suggest that 

dialysands can learn familiar verbal material with equal 

ease across the interdialytic cycle. Moreover, the speed 

with which dialysands acquired/learned the FRLTs was 

relatively unaffected by the dramatic changes in their 

uremic status. The lack of pre- to postdialysis differ

ences in learning ability observed in the present study is 

consistent with previous investigations examining paired-

associate learning (Lewis et al., 1980; Rasbury et al., 

1979). The possible reasons for these negative findings 

will be explored in more detail below. Suffice it to say 

for now that the present findings suggest that the short-

term effects of uremia on learning are negligible. 
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Having ensured that the to-be-remembered material was 

stored in memory for later retrieval by having the dialy

sis patients learn the FRLTs to a criterion of one error

less trial, it was found that dialysands' ability to 

retain information across the interdialytic cycle does not 

differ. On the average, dialysands were able to retrieve 

approximately 87 percent of the to-be-remembered material 

from LTM after a 15-minute retention interval, regardless 

of their uremic status. These results suggest that memory 

functioning, at least in the present study, remains 

remarkably stable. 

It is important to note that although immediate 

memory span appeared to be within normal limits and did 

not differ from pre- to postdialysis, it did significantly 

and negatively correlate with acquisition. These findings 

highlight two interrelated and very important points rele

vant to this study. The first and most obvious point is 

that, in all cases, more than one trial was necessary for 

dialysands to learn the material to criterion. Second, 

ignoring the effects of age and education, these data 

suggest that individuals with low immediate recall require 

more rehearsal to acquire or learn verbal information. 

That is, dialysis patients are able to exceed their span 

of immediate memory and eventually learn the material; 

however, a greater number of trials is necessary for 

patients to fully learn the material when they evidence 
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shortened immediate memory spans. This finding speaks to 

the observations concerning the performance of uremic 

patients on the WMS-RR—if initial acquisition of verbal 

information (immediate memory) is abnormally low, there is 

not enough information in storage to accurately assess 

long-term memory (Heilman et al., 1975). Thus, on the 

basis of what has been presented thus far, it can be 

inferred that determinations about dialysands' memory 

functioning, based on presentation of material on a one 

time basis, especially if the amount of material exceeds 

their immediate memory span as with the WMS, probably have 

led to erroneous clinical impressions of memory dys

function. This is an important point, especially in view 

of the fact that dialysis patients took an average of six 

trials to learn the FRLTs in the present study, and that 

the Logical Memory portion of the WMS is more highly 

correlated with independent measures of learning than with 

independent measures of memory (Hulicka, 1966) . In regard 

to the latter point. Hart et al. (1983) also found dialy

sands' free verbal learning performance highly correlated 

(£ = .70, £ = .002) with their performance on the WMS 

Logical Memory subtest. 

The present findings, however, are not in total 

agreement with prior research on the short-term effects 

of hemodialysis on memory functioning. Teschan et al. 

(1974), using an ASTM, found that regardless of the 
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absolute level of performance immediately before dialysis 

(Dl) , performance temporarily improved (£ < .01) the day 

after their last dialysis treatment (D2) when their uremic 

status was felt to be at its least toxic level and re

gressed to lower levels (£ < .01) immediately before their 

next dialysis treatment (Dl). Spehr et al. (1977) found 

that visual discrimination and memory for numbers, as 

assessed by tachystocopic presentation, were significantly 

better 14 hours after dialysis (D2) when compared to 

performance levels obtained 14 hours prior to dialysis 

(Dl) . Furthermore, these authors found that improvement 

closely paralleled decreases in BUN, Cr, and potassium. 

Several factors may be responsible for the observed 

discrepancies. First, less adequate or complete dialysis 

in earlier studies may account for the observed discrepan

cy. Spehr et al. (1977) reported mean BUN predialysis 

(Dl) values of 91.3 in his sample. These levels, in all 

probability, would have been higher had they obtained 

serum measures immediately (one hour) before dialysis 

treatment. Nevertheless, these values contrast sharply 

with mean BUN levels (M = 68.7; M = 65.0) obtained immedi

ately (one hour) prior to dialysis (Dl) in this study and 

those obtained by Rasbury et al. (1979) , respectively. 

That is, the values in the latter two studies are consid

erably lower than those obtained by Spehr et al. (1977) , 

even though they were measured 13 hours later. One would. 
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of course, have expected higher BUN levels secondary to 

food and fluid ingestion over this time frame. Moreover, 

Spehr et al. (1977) used only patients on a twice a week 

dialysis schedule, while Teschan and his colleagues in 

their study included patients on a twice and thrice weekly 

dialysis schedule. If it is granted that BUN levels 

reflect the severity of renal failure and uremic status, 

it is conceivable, as postulated by Rasbury et al. (1979), 

that dialysands in previous studies were experiencing 

greater cognitive impairment prior to their dialysis 

treatment than the patients in the present study and, 

thus, were more likely to show postdialysis (D2) improve

ment. Thus, it is possible that the obtained predialysis 

(Dl) BUN levels in this study were not sufficient to 

interfere with the acquisition and retention of the FRLTs 

employed. On the basis of these findings, it could be 

argued that patients in this study are better and more 

completely dialyzed than patients 10-15 years ago. Addi

tional support for this argument comes from the failure to 

find significant performance differences between normal 

controls and dialysands (Rasbury et al., 1979) and from 

the lack of significant correlations between dialysands' 

performance on the learning and memory tasks and serum 

measures in the present study. However, the apparent 

support stemming from the lack of significant correla

tions between serum measures and immediate memory. 
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acquisition, and retention is less compelling. Of the 16 

Pearson product-moment correlation coefficients computed 

between each learning and memory measure with each measure 

of severity of renal failure (BUN, Cr) on Dl and D2, none 

was found to be significantly related (see Table 8) . Only 

one correlation, that of immediate memory with BUN on D2, 

approached significance (£ = -.42, £ = .08). While this 

correlation is in the indicated direction, there were many 

inconsistencies in the direction of many of the correla

tions obtained. These inconsistencies appear to be an 

artifact of the small sample size used in the study. That 

is, small changes (due primarily to intrasubject perfor

mance differences) serve to cause substantial alterations, 

or as is the case here, alter the direction of the sup

posed relationship. For example, negative correlations 

were obtained on Dl between acquisition (£ = -.08, £ = 

.73) and BUN, and positive correlations were obtained on 

Dl and D2 between retention (£ = .04, £ = .87; £ = .27, £ 

= .27) and BUN, respectively. The observed relationships 

are clearly opposite the expected direction. Examination 

of the data revealed that 50 percent of the subjects took 

slightly less trials to criterion on Dl than on D2, and 

about 34 percent recalled slightly fewer items on D2 than 

on Dl. In view of these observations, conclusions regard

ing the potential relationship between the severity of 

renal failure (as assessed by BUN and Cr) across the 
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interdialytic cycle in the present study must remain 

equivocal. 

Second, it could be argued that practice effects were 

responsible for postdialysis (D2) improvements relative to 

predialysis (Dl) performance levels found in earlier 

studies (Teschan et al., 1974) rather than inadequate or 

less complete dialysis. It will be recalled that in these 

studies, dialysands were tested before dialysis (Dl) , 

again on the morning after dialysis (D2), and again before 

the next dialysis treatment (Dl). Certainly, the effects 

of practice (due to prior exposure to the task) would be 

expected to be operative, and as such might have poten

tially contributed to the observed improvement from Dl to 

D2. However, in order to attribute their findings to 

practice effects rather than inadequate dialysis, it must 

be demonstrated that dialysands' performance continued to 

improve on their third predialysis (Dl) testing session. 

This, however, was not the case. Instead, performance 

regressed to original Dl levels. These findings provide 

some support, albeit indirectly, to the possibility that 

dialysands might not have been adequately or completely 

dialyzed in earlier studies. It should be noted at this 

point that although practice effects appear to have been 

minimal in these studies, perhaps because of the nature 

of the task, one should not assume that practice effects 

will be negligible, especially in learning and memory 
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studies utilizing repeated measures. The present study, 

specifically designed to minimize and/or examine practice 

effects, found that the use of the counterbalancing 

procedures and alternate FRLT forms effectively controlled 

this source of variability. None of the Order X Days 

interactions were found to be significant (see Table 6) . 

The lack of significant Order X Days interactions suggests 

that order of the test administration and treatment day 

(Dl and D2) had an additive effect on learning and memory 

functioning. As such, the performance of dialysands on 

any given treatment day can be estimated from the sum of 

the main effects (Kirk, 1968; Winer, 1971). 

Third, it could be argued that the task employed was 

too easy and what was being observed is a ceiling effect. 

As a consequence, this task would not be sensitive to 

subtle learning and memory deficiencies. This does not 

appear to be the case. Patients reported that the task 

appeared deceptively easy because of the highly familiar 

nature of the words. However, as in the pilot study, 

patients reported that the random presentation of the list 

on each study trial made the task difficult. Inspection 

of the FRLT protocols showed a high degree of variability 

in trials to criterion. The range for trials to criterion 

was 3-18 and 3-14 on Dl and D2, respectively. This vari

ability appeared to be the result of patients' tendency 

toward "response oscillation" (Bousfield, Puff, & Cowan, 
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1964, p. 491). It was noted that dialysands, having 

recalled nine stimulus words, would drop to seven or eight 

for several trials before achieving criterion. Inter

ference might account for the variability and reported 

difficulty. However, this result was not anticipated and, 

therefore, not assessed. A cursory look at the frequency 

distribution showed that approximately 55-60 percent of 

the subjects had achieved criterion by trial five on Dl 

and D2, respectively. Although the cumulative frequencies 

are higher than one would want, there was still sufficient 

room (approximately 40-45%) for the remaining subjects' 

performance to vary (Philip Marshall, personal communica

tion, August 4, 1988). 

A fourth factor, alluded to earlier, which might 

account for the discrepant findings probably has to do 

with the different neuropsychological functions and skills 

being assessed. Earlier findings of postdialysis (D2) 

memory improvement relative to predialysis (Dl) perfor

mance levels utilized auditory-verbal tasks (ASTM) or 

discrimination tasks (tachystoscopic presentation of 

numbers), all of which emphasize speed of decision making 

and accuracy of response (Spehr et al., 1977; Teschan et 

al., 1974). Moreover, Teschan et al. (1979) notes that 

the ASTM test taps the same functions as the TMT, CRT, and 

CPT—tests used to assess cortical efficiency. If, as 

suggested by Heilman et al. (1975), it is granted that 
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disorders of acquisition are primarily associated with 

limbic (subcoritical) systems, then these memory instru

ments are not acceptable. Using speed of decision making 

and responding as the dependent variables, these tasks 

appear to be more a measure of cortical efficiency than of 

acquisition or memory. 

Earlier studies raised the possibility that the 

observed learning and memory impairments (English et al., 

1978; Gilli & De Bastiani, 1983; Ziesat et al., 1980) were 

evidence of dementia attributable to dialysis treatments. 

In the present study, dialysands were able to learn the 

FRLTs to a criterion—some faster than others—and were 

able to recall on the average approximately 87 percent of 

the learned material. The fact that these patients were 

able to actively and successfully learn a difficult FRLT--

difficult by virtue of the randomization of stimulus items 

on each study trial—and establish new memories argues 

against the presence of a dementing process. On such a 

task, one would expect that the randomization of each 

study trial would be too stressful and overtaxing on a 

decompensating memory system. The strongest argument 

against the dementia hypothesis in the present study is 

that performance of learning and memory measures did not 

significantly correlate with number of months of dialysis 

(see Table 8) . These findings clearly do not provide 

evidence of dementia. Direct support for this contention 
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comes from the work of Hart et al. (1983), Ratner et al. 

(1982), and Jackson et al. (1987). These investigators 

similarly failed to find any significant relationship 

between length of time on dialysis treatment and perfor

mance on any of the neuropsychological instruments em

ployed, including the WMS in the Hart et al. (1983) study. 

Further support comes from the findings of McKee et al. 

(1982) , who followed patients undergoing dialysis treat

ment longitudinally (M = 4.3 years) and failed to find 

deterioration in memory functioning, as assessed by the 

WMS-RR. While evidence of dementia was not found in the 

present study, the possibility that dementia may occur in 

a subgroup of dialysis patients cannot be ruled out (Hart 

et al., 1983; McKee et al., 1982), especially in those 

patients who have been on long-term (five years) orally 

prescribed aluminum-based gut phosphate binders (Jackson 

et al., 1987). As noted by Hart et al. (1983), the 

dementia hypothesis was derived primarily from uncon

trolled studies in which dialysands may have significantly 

differed in age and education from the normative groups. 

In the present study, education was found to have a 

significant impact on dialysands' immediate memory and 

acquisition performance. Dialysis patients with greater 

than a 12th grade education had better immediate recall 

and took fewer trials to achieve criterion than dialysis 

patients with less than a 12th grade education. The 
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effects of age on immediate memory and acquisition, and of 

age and education on retention are less clear. It will be 

recalled correlations between age and retention (£ = .08) 

and education and retention (£ = .02) were found only for 

predialysis (Dl) testing performance. Similarly, it was 

found that age correlated significantly only with pre

dialysis (Dl) immediate memory and acquisition scores. It 

is curious that age would differentially affect test 

performance on one day but not on the next. One explana

tion could be that older dialysis patients, having been 

sensitized to the task by D2, did equally as well as their 

younger counterparts, thus the lack of significant D2 

correlations. This explanation would assume that the 

older dialysands' on Dl performance was more adversely 

affected by the novelty and/or anxious anticipation of 

task than that of their younger counterparts. If so, one 

would expect older dialysis patients to report greater 

anxiety and tension than younger dialysis patients on Dl. 

Examination of these data revealed just the opposite— 

younger dialysis patients reported more tension and 

anxiety, albeit subclinically, than older dialysis pa

tients. A more plausible explanation for the lack of 

significant postdialysis (D2) correlations between age and 

the learning and memory measures appears, as previously 

discussed, to be the result of the small number of sub

jects employed in this study. That is, given a N = 18 
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slight changes in performance on these measures by a few 

subjects can cause substantial alterations, or as in the 

case here, decrease the size of the obtained correlation 

coefficients on D2. This principle can be best illustrat

ed by the following examples. Inspection of the immediate 

recall data showed 5 of the 10 subjects comprising the 

younger subgroup recalled fewer words on postdialysis (D2) 

testing, whereas 4 of the 8 subjects in the older subgroup 

improved their postdialysis (D2) recall scores. 

Similarly, examination of their acquisition scores re

vealed that while older subjects still took longer to 

acquire the FRLTs, 6 of the 8 (75%) older subjects showed 

slight improvements from Dl to D2 (e.g., requiring fewer 

trials to achieve criterion), while 7 of the 10 younger 

subjects showed a slight worsening in performance from Dl 

to D2 (e.g., requiring more trials to achieve criterion). 

A similar pattern was observed for the retention with age 

and education postdialysis (D2) correlations. While the 

potential confounding effects of age and education were 

held constant by using the same subject in each treatment 

condition, the fact that older and less-educated dialysis 

patients tend to have poorer iimnediate recall, require 

more trials to learn material to criterion, and tend to 

have poorer recall of previously learned information than 

younger, more-educated dialysis patients, highlights the 

importance of exerting some form of experimental or 
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statistical control over these variables, especially in 

between-subject designs where patients are tested only 

once and inferences are drawn about memory dysfunction/de

menting processes. 

Subjective organization was not adversely affected by 

dialysands' uremic state, nor was it found to influence 

performance on measures of acquisition and retention. In 

fact, examination of the FRLTs revealed that a substantial 

number of dialysands in the present study were able to 

acquire the to-be-remembered material to criterion and 

recall the learned material with relatively little orga

nization. To illustrate this point, dialysands were 

arbitrarily divided into three groups—high, moderate, and 

low organizers. This division is based on dialysands' 

overall organization scores. Those with O-E ITR scores of 

greater than five (scores ranged from 5.03 to 17.31) were 

classified as high organizers (Dl: n = 3; D2: in = 4) ; 

those with scores between one and four (scores ranged from 

1.2 to 4.8) were classified as moderate organizers (Dl: n 

= 6; D2: n = 6) ; and those with negative organization 

scores (scores ranged from 0 to -2.5) were classified as 

low organizers (Dl: n = 9; D2: n = 8). Negative O-E ITR 

values represent a sequential ordering effect that is less 

than would have been expected by chance (E-ITR minus O-ITR 

scores of zero). In regard to acquisition, collapsing 

across both days, the mean number of trials to criterion 
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for high organizers was 8.1; for moderate organizers, the 

mean number of trials to criterion was 6.0; and for low 

organizers, the mean number of trials to criterion was 

6.0. Thus, it can be seen that a substantial number of 

dialysands were able to learn the FRLTs with relatively 

little organization. Moreover, it can be seen that low 

organizers, on the average, learned the material as fast 

as moderate organizers and faster than high organizers. 

In regard to recall, high organizers had a mean recall of 

8.8 words, moderate organizers recalled an average of 8.2, 

and low organizers had a mean recall of 8.1. As with 

acquisition, it can be seen that substantial recall of 

learned material occurs regardless of the amount of 

organization. Overall, these observations suggest that in 

many cases substantial learning and recall of learned 

material tends to occur despite relatively little organi

zation. Furthermore, it appears, at least for some 

subjects, that organizational strategies develop gradually 

and over time—prolonged exposure to the FRLTs. 

Two major factors are felt to have played a role in 

the lack of significant results in this research. One 

reason is that the randomization of each presentation 

order basically pits an experimenter-imposed organiza

tional structure (e.g., varied order of presentation) 

against subject-imposed organization (Wood, 1972) . Wood 

(1972) points out that in multitrial free recall learning 
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tasks the use of unrelated words permits and encourages 

subjects to organize the material in a number of different 

ways. However, by varying the order of presentation on 

each trial, 

the experimenter discourages the formation of a 
single organization. Since the subjective 
organization measures are designed to assess the 
extent to which subjects use a single organiza
tion, it follows that the correlation between 
subject organization and recall may not be very 
high. (Wood, 1972, p. 54) 

According to Wood (1972) , if one were to use constant 

versus varied order of presentation in multitrial free 

recall learning tasks, the investigator is more likely to 

encourage and, thus, find the use of a single organiza

tional strategy which, in turn, would result in a higher 

relationship between organization and recall. In a 

personal communication to Wood in 1972, Wallace provided 

post-hoc correlational analyses of their study (Wallace & 

Nappe, 1970), wherein order of presentation (constant and 

varied) was experimentally manipulated. These investiga

tors found higher correlations between subjective organi

zation and recall when order of presentation was held 

constant rather than varied. Correlations ranged from .46 

to .83 for the constant order conditions, whereas, the 

correlations ranged from .11 to .26 for the varied order 

conditions. 

Another factor is interference. Bousfield et al. 

(1964) note that one of the major effects one encounters 
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in varying the order of presentation in multitrial free 

recall learning tasks is interference, which should 

adversely impact on subjects' subjective organizational 

ability. According to these authors, during learning each 

word acts as a "stimulus cue for an increasing number of 

competing responses" (p. 494). It could be speculated 

that this sort of interference was responsible for the 

lack of consistency or "response oscillation" (Bousfield 

et al., 1964, p. 494) in dialysands' ability to maintain 

previously formed ITRs over successive trials. This 

explanation would also account for the lack of systematic 

and progressive increases in subjective organization over 

trials. 

All the clinical scales on the POMS, with the excep

tion of vigor, were found to be within normal limits. 

Pre- to postdialysis (D1-D2) changes were observed only 

for the fatigue and confusion mood factors. Although the 

observed changes suggest that dialysands report less 

fatigue and an increase in mental efficiency on D2 rela

tive to Dl, these mood states, as mentioned above, were 

well within the normal range on both Dl and D2. While 

these changes are statistically significant, the changes 

were subclinical in nature and as such are felt not to 

have any clinical significance. Furthermore, the six mood 

factors assessed by the POMS were relatively unaffected by 

daily biochemical/metabolic fluctuations (e.g., BUN and 
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Cr) . Moreover, since all of the mood factors, with the 

exception of vigor, v/ere well within normal limits, it can 

be inferred that dialysis patients' mood state had little, 

if any, effect on their learning and memory abilities. 

The apparent adverse effect of the dialysands' increased 

sense of vigor on long-term retention will be discussed 

shortly. 

Although the psychological stresses accompanying CRF 

and dialysis therapy are quite severe, the relative lack 

of negative affective states found in the present study is 

in general agreement with the infrequent reports of 

distress (e.g., depression and anxiety) in dialysis 

patients (Kaplan De-Nour, 1982; Kutner et al., 1985). 

Several interrelated factors, potentially operating 

simultaneously, may be said to have contributed to the 

present findings. First, there is considerable evidence, 

primarily derived from objective personality instruments 

and clinical interviews, that dialysands rely heavily on 

denial, repression, and isolation of affect to mediate the 

psychological stresses associated with dialysis treatment 

(Anderson, 1975; Gentry & Davis, 1972; Kaplan De-Nour et 

al., 1968; Osberg et al., 1982b). Given the pervasiveness 

of these defenses, especially denial, in the "psycho

logical constitution" of dialysis patients (Maher et al., 

1983, p. S-50) , it is, perhaps, not surprising to find 
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little in the way of self-reported psychological discom

fort in the present study. Furthermore, the use of these 

defenses are not inconsistent with general feelings of 

vigorousness, ebullience, and high energy, regardless of 

treatment day, reported by this sample of dialysis 

patients. The general sense of well being reported by 

dialysis patients in this study is consistent with the 

findings of Kaplan De-Nour et al. (1968). These inves

tigators, it will be recalled, followed several dialysis 

patients for one year and found that they were relatively 

free of psychiatric symptoms, generally content and 

tranquil and continued to function as they did before 

becoming ill. Although all patients were reported to have 

adapted well to the stresses confronting them, their 

defenses, heavily reliant on denial, displacement, iso

lation of affect, projection, and reaction formation, 

probably assist in minimizing the impact of their life-

threatening illness and life-sustaining treatment and 

protect them from experiencing further personal distress. 

Second, it could be argued that the POMS was not 

sensitive enough to pick up changes in dialysands' subjec

tive mood states across such short time frames (e.g., from 

one day to the next). Examination of the stability 

coefficients between each mood factor on Dl and D2 pro

vides some support for this argument. Stability coeffi

cients are presented in Table 12. It can be seen that two 
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Table 12. Stability Coefficients (r, ) for Mood Factors 

Across Days. 

Tension Depression Anger Vigor Fatigue Confusion 

Tension .29 
Depression .57* 

Anger .07 

Vigor .87** 

Fatigue .87** 

Confusion .34 

*£ < .05, two-tailed test. 
**£ < .001, two-tailed test. 
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of the six mood factors (vigor: £ = .87, £ < .0001; 

fatigue: £ = .87, £ < .0001) have stability coefficients 

that are within the levels expected of stable personality 

traits. Stability coefficients for depression (£ = .57, £ 

< .02) were lower than those obtained for vigor and 

fatigue, but nevertheless, quite high for the small sample 

used in the present study. Such high stability coeffi

cients would hardly be expected of fluctuating states such 

as mood (McNair et al., 1981). While these results tend 

to argue for the lack of construct validity, it has been 

previously found that the POMS has been successfully used 

in detecting significant pre- to post-mood changes hours 

after ingestion of neurotransmitter precursors via high 

carbohydrate and protein meals (Leiberman et al., 1983; 

Spring, 1984; Spring et al., 1984) and after administra

tion of psychotropic drugs and stimulants (File et al., 

1982) . Thus, high stability coefficients obtained in this 

study do not appear to be the result of the POMS' lack of 

construct validity. Instead, the high stability coef

ficients obtained with the POMS in this study suggest that 

dialysands' consistency of response from one day to the 

next, reflects the pervasive and enduring use of ego 

defenses in coping with and adapting to the chronicity of 

their illness and treatment. Given this sort of response 

bias, it appears that accurate assessment of dialysands' 

affective state is difficult to obtain with the type of 
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clinical instruments currently available, unless, of 

course, they are in acute distress. The response bias 

noted on the POMS, in general, and the vigor subscale, in 

particular, help explain, at least in part, the signifi

cant relationship that remains between vigor and retention 

after age and education were partialled-out. This re

sponse bias was most obvious in the less-educated (all of 

whom fall into the arbitrarily designated older group) and 

older subjects. Close inspection revealed the less-

educated and older subgroup reported considerably higher 

vigor scores than their younger, more-educated counter

parts. That is, as a group, the latter reported scores 

that were within the normal range (x t_ score = 58) , 

whereas, the scores for the former subgroup were cli

nically elevated (x t̂  score = 72) . In fact, three of the 

five less educated subjects rated each adjective on the 

vigor subscale in the extreme. That is, on the four-point 

intensity scale (e.g., 0 = Not at all, 1 = A little, 2 = 

Moderately, 3 = Quite a bit, 4 = Extremely) used to rate 

each item on the POMS, less educated subjects used "Ex

tremely" to rate each adjective on the vigor subscale, 

thus, yielding t_ scores of 80+. According to McNair et 

al. (1981), 95 percent of the normative population fall 

between standard scores of 30 and 70 on any given scale. 

On the basis of these observations, it cannot be said that 

increased vigor and high energy negatively impact on 
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dialysands' ability to recall learned information from 

long-term memory. Rather, the correlation between vigor 

and retention on Dl appears to be a function of the less 

sophisticated response bias displayed by less-educated, 

older subjects. 

Third, it has been reported by several investigators 

that length of time on dialysis is differentially related 

to dialysands' psychological adaptation (Gentry & Davis, 

1972; Kaplan De-Nour, 1982; Kutner et al., 1985). That 

is, dialysis patients who have been on dialysis longer 

tend to report less negative affect than those who had 

been on dialysis for shorter periods of time. Moreover, 

McKee et al. (1982) found that emotional distress signifi

cantly decreased during the first year of dialysis, with 

relatively little decreases in discomfort thereafter. In 

the present study, no significant relationship was found 

between any of the mood factors and length of time on 

dialysis for either Dl or D2. It must also be noted that 

all participants had been on dialysis for one or more 

years. Thus, the lack of negative affects may, in part, 

be related to dialysands' adaptation to and acceptance of 

dialysis as an integral aspect of their lives. 

Fourth, patient selection in the present study may 

also have contributed to the lack of negative mood being 

expressed by dialysands. All participants were in good 

health and had adequate support systems in place and 
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maintained productive lifestyles (e.g., continuing with 

their occupations as before or working part time, going to 

school, taking care of households and raising children). 

Of course, this sample is not representative of the 

general population of dialysis patients. 

Overall, it appears that patient selection, the use 

of strong ego defenses to cope with their debilitating 

illness and stresses, a response bias that is probably a 

reflection of dialysands' defense structure, and possibly 

the length of time on dialysis potentially operated 

simultaneously to prevent an accurate assessment of affec

tive state. 

Critique of the Study, Clinical 
Implications, and Suggestions 

for Future Research 

Critique of the Study 

Perhaps the most significant problem with the present 

study has to do with the small sample size employed. This 

problem, however, is not peculiar to the present study but 

endemic to studies concerning themselves with the neuro

psychological sequelae of CRF. Nonetheless, the problem 

of small sample size was most clearly evidenced in the 

correlational analysis performed in the present study. 

That is, correlations were significant for a particular 

variable on one day and not the next (e.g., age and 

education with performance measures on Dl and D2). 

Clearly, it would not be expected that age and education 
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would differentially affect performance from one day to 

the next, especially since alternate forms of the FRLTs 

had been equated for difficulty and ease of learning. 

Similarly, the relative inconsistencies of correlations, 

particularly between performance measures and serum 

chemistries, from one day to the next appear to be an 

artifact of the small sample size, restricted range of 

performance, and individual differences (e.g., a mutual 

cancelling effect whereby some patients made slight gains 

on the second testing day and others showed a slight loss 

from the previous day's testing). In view of these 

factors, definitive conclusions regarding the relationship 

between memory performance and indices of severity of 

renal failure must await future clarification. 

Another problem has to do with generalization of the 

results of the present study. The dialysis patients who 

participated in the present study did so on a voluntary 

basis. It will be recalled that approximately 38 percent 

of the patients who were approached refused to participate 

in the study, despite an incentive of $30. It can be seen 

that a skewed rather than a random sample of dialysis 

patients participated in the study. This failure to 

sample randomly from the population of dialysis patients 

at large means that the results of the present study can 

only be generalized to those dialysis patients who volun

tarily participate in this kind of research. One could go 
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further, of course, and conclude that the results of the 

present study can only be generalized to paid volunteers. 

However, this generalization does not appear to be jus

tified since only a small minority of dialysis patients 

reported that money was the sole reason for participating 

in the present study. Most of the volunteers stated that 

they would "do it for nothing," while others added that 

they were consenting to participate in the study because 

they saw it as a worthwhile effort. Clearly, motivation 

for participating in the present study was different for 

different individuals, and while money was certainly an 

incentive, the results of the present study are not felt 

to be applicable, solely, to paid volunteers. 

Another difficulty has to do with the use of multiple 

statistical analyses. Although some control for the 

cumulation of Type I error was obtained by adjusting alpha 

so that its overall value remains close to .05, this 

adjustment was done only for the analysis of the variance. 

That is, the overall alpha level was adjusted only for the 

series of analyses requiring F_ tests. No adjustment of 

alpha was made with which to evaluate the series of 

Pearson product-moment correlations coefficients. Simi

larly, no adjustment of alpha level was made for the 

relatively few and judiciously used t.-tests. Thus, when 

all the analyses are combined, it is evident that the 

experiment-wise alpha level is not .05. As mentioned 



135 

previously, independent replication studies are needed to 

determine the validity of the present findings. However, 

it can be stated with some degree of certainty that true 

changes in learning and memory functioning, at least for 

familiar information, are not expected to change across 

the interdialytic cycle in adequately dialyzed dialysands. 

While the major problems of the present study have 

been addressed above, it is worthwhile to briefly examine 

the difficulties likely to be encountered in submitting 

the negative findings for publication. It is well known 

that there is an experimental bias in publishing negative 

results. However, the present results are felt to be 

important for a number of reasons. First, it is unclear 

what sources of variance might have contributed to the 

discrepant findings in the literature concerning memory 

difficulties because, as suggested by Ratner et al. 

(1982), "detailed specification of sample characteristics, 

methodological procedures" (p. 310) are often neglected in 

the research literature. Thus, the mere reporting of 

methodological procedures in the present study is seen as 

an important step in helping investigators elucidate 

factors responsible for discrepant results. Moreover, 

since most of the experimental procedures in the present 

study, including payment to volunteers, duplicated those 

employed by Ratner et al. (1982) and since learning and 
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memory measures were not included in their neuropsycho

logical battery, the present investigation can be con

sidered a replication as well as an extension of their 

work. That the results of the present study are consis

tent with the negative findings obtained by Ratner et al. 

(1982) add support and more firmly establish the validity 

of their findings. Thus, it is felt that the results of 

this study add significantly to the research literature. 

Second, it was previously suggested that suboptimal dialy

sis may have, at least in part, contributed to the dis

crepancies between the present study and previous findings 

(e.g., Spehr et al., 1977; Teschan et al., 1974). It is 

surprising that the research furor over determining the 

adequacy of dialysis treatment in reversing functional 

impairments of the CNS in the early 1970s has not per

sisted in the 1980s. Clearly, significant technological 

advances in the application of hemodialysis have been made 

over the past decade. If uremic symptoms are responsive 

to dialysis (Ginn et al., 1975) and if more efficient 

dialysis is currently available to patients suffering from 

CRF, then it is essential that research continue to focus 

on elucidating the existence and nature of cognitive/ 

memory deficits as a function of more efficient or optimal 

dialysis (Ratner et al., 1982). Without further research 

into the neuropsychological sequelae of CRF, previous 

findings of significant memory deficits--findings which 
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make up the bulk of the current literature—may be taken 

as the sine qua non of the uremic condition. Thus, it is 

important, as mentioned above, that independent replica

tion studies be performed so that we may begin revising 

our hypotheses concerning the effects of uremia in the 

adequately dialyzed patient. 

Clinical Implications 

The present study demonstrates that dialysands in 

general and less educated, older dialysands in particular 

require more than one acquisition trial to learn verbally 

presented information, even though it is of a highly 

familiar nature. It is, perhaps, fortuitous that neither 

day (e.g., the dialysis treatment day [Dl] or the dialysis 

"off" day [D2]) was found to be optimal in regard to 

dialysands' ability to acquire information because dialy

sis patients are usually seen only on their treatment 

day. Thus, any information that is to be given to them 

will be passed on during this time. While the present 

study is of limited scope (e.g., FRLTs composed of 

familiar, everyday words), certain recommendations can be 

made on the basis of these findings. First, treatment 

staff should present verbal information to dialysands 

several times and ask the patient to repeat the to-be-

remembered material to ensure that the patient has indeed 

committed the information to memory. Special attention 

should be paid to the fact that less-educated, older 
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dialysands will require a greater number of trials to 

fully acquire the information being conveyed. Second, it 

might be useful during the dialysis cycle, after initial 

acquisition of the material, to ask the patient to recall 

the previously learned information. The amount of infor

mation recalled by the patient would indicate whether or 

not further relearning trials are necessary, and would 

ensure that material is carried over from one treatment to 

the next. 

Suggestions for Future Research 

Murawski (1975) notes that "an effective treatment 

should produce a steady state in the organism (dialysands) 

even if return of function is not 100%" (p. S-208) . The 

lack of pre- to postdialysis differences in cognitive and 

learning/memory functioning found in the present study and 

in previous studies (e.g., Ratner et al., 1982) suggests 

that dialysis as currently applied may be more adequate 

than a decade ago, possibly the result of technological 

advances. As mentioned previously, future research on 

learning and memory functioning in dialysis patients 

should focus on determining intraindividual differences 

across the interdialytic cycle, which would serve as an 

index of treatment efficiency. While this study went 

beyond the mere assessment of memory dysfunction per se 

and provided descriptive information about dialysands' 

learning and memory capabilities, albeit for familiar 
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information, it did so in the most general way. In many 

ways, this was a preliminary attempt, a starting point if 

you will, from which to elicit information about learning 

and retention in dialysis patients. The next step is to 

examine memory processes in dialysands more closely. To 

make the research more meaningful, it is recommended that 

clinically useful memory tests be employed. From a 

practical standpoint, a clinically useful test would be 

able to assess learning ability and strategies, differen

tiate between encoding, storage, and retrieval processes, 

detect vulnerabilities to proactive and retroactive 

interference, and provide information about the role of 

organization (e.g., cued vs. noncued recall) in a brief, 

face valid, and reliable manner. In assessing memory with 

clinically valid instruments, much needed information 

concerning performance differences between dialysands and 

normal sample norms can be obtained. This type of infor

mation would assist in quantifying the existence, nature, 

and severity of memory difficulties (e.g., tells us 

something about the adequacy of dialysis) relative to 

normals. 

In regard to the experimental design of future 

studies, the continued use of repeated measures appears to 

be the most suitable design for conducting research into 

the adequacy of dialysis. The number of known and unknown 

patient variables is so great that a homogenous population 
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of dialysands for study is impossible to assemble 

(Freeman, 1975). Thus, the best way to hold these uncon

trolled sources of variability constant is to use the same 

subject in each treatment condition. Furthermore, the 

main focus of any study assessing the adequacy of dialysis 

treatment should be on determining levels of performance 

across the interdialytic cycle since dialysands, with a 

few exceptions, dialyze three times weekly. Ascertaining 

their level of performance during this time frame will 

allow us to get a more accurate sampling of their learning 

and memory functioning. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

This study sought to determine whether significant 

changes occur in dialysands' ability to: (a) immediately 

recall verbal information, (b) acquire verbal material to 

a criterion of one errorless trial, and (c) remember 

previously learned information after a 15-minute retention 

interval across the interdialytic cycle. Previous re

search indicates that memory functioning is mildly to 

perhaps moderately impaired and fluctuates from one 

dialysis treatment to the next. However, no study re

viewed to date was found to adequately assess memory. 

Investigators consistently failed to control for original 

levels of learning by having individuals learn the to-be-

remembered information to a criterion and then having 

subjects recall the original material after a prescribed 

period of time. Instead, determinations about memory 

dysfunction have been made after presentation of infor

mation only once. An exploratory examination of organi

zation strategies (subjective organization) was also 

undertaken in the present study. Since negative affective 

states are known to adversely impact on learning and 

memory performance measures, mood was also examined. 

141 



142 

Eighteen dialysis patients with various types of 

renal disease were administered alternate forms of a free 

recall learning test (FRLT) and the "Right Now" version of 

the Profile of Mood Scale (POMS) on two consecutive days: 

approximately one hour before their midweek dialysis 

treatment (predialysis) and between 19 to 27 hours after 

their dialysis treatment (postdialysis). Demographic 

variables (age, education, sex, ethnic background, length 

of time on dialysis) were dependent on the availability of 

volunteers. To minimize the effects of practice, treat

ment order was completely counterbalanced. Order of test 

administration, however, was incompletely counterbalanced. 

Serum chemistries (blood urea nitrogen and creatinine) 

were obtained after each testing session. 

Pre- to postdialysis performance differences in 

immediate memory, acquisition, retention, and subjective 

organization were not observed. Immediate memory span for 

words was found to be within normal limits. All subjects 

were able to learn the FRLTs and, on the average, recall 

87 percent of the originally learned material. Acquisi

tion and recall of the FRLTs occurred in a substantial 

number of subjects with relatively little organization. 

For some subjects, however, organizational strategies 

developed gradually over repeated exposure to the FRLTs. 

Overall, it appears that learning and recall of learned 

material in the present study precede the development of 
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organizational strategies. Serum chemistries did not 

correlate with any of the performance measures. Corre

lations between months of dialysis treatment and perfor

mance measures were also nonsignificant. Despite the 

significant daily changes in serum levels of toxic renal 

metabolites, there was no evidence to suggest that learn

ing and memory functioning fluctuate across the inter

dialytic cycle. Significant intercorrelations between 

immediate memory and acquisition were observed. This 

finding strongly cautions against making determinations 

about memory dysfunction in dialysis patients, especially 

if the material is presented only once and it exceeds 

their immediate memory span. While education and age were 

controlled through the use of a repeated measure design, 

it was found that older and less-educated subjects tend to 

have poorer immediate recall, require more trials to 

achieve criterion, and tend to have poorer recall after a 

15-minute retention interval than younger, more-educated 

subjects. This finding highlights the importance of 

controlling for these variables, especially in between-

subject designs where patients are presented information 

only once and inferences drawn about their memory func

tioning. Mood was not seen to play any role in dialy

sands' learning and memory performance. 

On the basis of these results, it can be concluded 

that: 
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1 . Learning and memory functioning in adequately 

dialyzed patients remains remarkably stable across the 

interdialytic cycle, despite daily build-up of toxic renal 

metabolites. 

2. Even for highly familiar information, more than 

one trial is required for adequate acquisition. Thus, 

treatment staff should be aware of the need for repetition 

in conveying information/instructions to dialysis pa

tients. Special attention should be paid to older, less 

educated patients because they require a greater number of 

repetitions. 

3. Accurate assessment of dialysands' affective 

state remains elusive. 

4. Independent replication is needed to more firmly 

establish the reliability of the present findings. 

Studies should specify in detail patient characteristics, 

methodological procedures, sample size, etc., in order to 

identify sources of variance responsible for discrepant 

results. 

5. Future research should continue to use a repeated 

measure design to evaluate the adequacy of dialysis. The 

focus should be on determining levels of performance 

across the interdialytic cycle since the majority of 

dialysands undergo treatment three times a week. 

6. The use of clinical memory tests that would be 

able to measure learning ability, differentiate between 
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encoding, storage, and retrieval processes, detect vul

nerabilities to interference, and provide information 

about the role of organization in a brief, face valid, and 

reliable manner is needed to make research efforts more 

clinically meaningful. Information obtained from clini

cally valid memory tests would yield much needed informa

tion about the performance differences between dialysands 

and normative samples. 
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Table 13. Means and Standard Deviations of Each Word in 
FRLT I for Imagery, Concreteness, Meaningfulness 
and Thorndike-Lorge Frequencies. 

Noun Imagery Concreteness Meaningfulness 
M SD M SD M SD F 

Apple 6.73 .56 7.00 0.00 7.67 2.24 A 

Bird 6.67 .73 6.69 .53 7.88 2.60 AA 

City 6.43 .70 6.41 1.00 7.72 1.40 AA 

Window 6.37 1.00 7.00 0.00 6.67 1.96 AA 

Flower 6.57 .79 6.69 .53 7.13 2.46 AA 

Picture 6.20 1.20 6.75 .69 7.11 1.91 AA 

Mountain 6.77 .49 7.00 0.00 7.58 2.86 AA 

Clock 6.50 .87 6.94 .55 7.08 2.58 A 

Arm 6.53 1.04 6.96 .53 6.92 2.62 AA 

Book 6.43 1.13 6.96 .53 7.68 1.97 AA 
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Table 14. Means and Standard Deviations of Each Word in 
FRLT II for Imagery, Concreteness, Meaningful
ness and Thorndike-Lorge Frequencies. 

Noun Imagery Concreteness Meaningfulness 
M SD M SD M SD F 

6.10 1.40 6.75 .69 7.00 2.70 AA 

6.70 .72 6.90 .57 7.04 2.49 AA 

6.87 .42 7.00 0.00 6.38 2.30 AA 

6.60 .86 6.94 .61 6.54 1.72 A 

6.73 .56 6.89 .58 7.28 1.90 A 

6.30 1.46 6.86 .63 7.68 2.97 AA 

6.63 .54 6.83 .61 7.52 2.22 AA 

6.63 .82 7.00 0.00 7.52 2.18 AA 

6.70 .77 6.73 .79 7.04 1.74 AA 

6.50 1.01 7.00 0.00 7.60 2.50 AA 

Animal 

Baby 

Car 

Flag 

Coffee 

Paper 

River 

Shoes 

Star 

Table 
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INFORMED CONSENT 

Name of Project: Hemodialysis: Its Effect on 

Acquisition and Retention 

You are being asked to take part in a research study 

of the effects of hemodialysis on learning and memory. 

Specifically, this study is designed to examine learning 

and memory functioning on two separate occasions—your 

dialysis treatment day and then again approximately 24 

hours later on your nontreatment or "off" day. This will 

be done by giving you a verbal learning and memory task to 

test your abilities on these two days. By examining your 

learning and memory functioning across a single dialysis 

cycle, we hope to find out (a) if there are any differ

ences in your learning ability between your treatment days 

and your nontreatment days, (b) if there are any differ

ences in your ability to remember the previously learned 

material after a 15-minute delay on these two days, (c) 

when is the best time during the dialysis cycle to learn 

and remember information, and (d) if there is a relation

ship between your learning and memory abilities and your 

uremic status. Mood has been found to affect performance 

on learning and memory tasks. Thus, you will be asked to 

fill out a mood questionnaire in order to determine what 

effect mood has on your ability to learn and remember. 

You are being asked to take part in this study because you 
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are currently being treated with maintenance hemodialysis 

for kidney disease. 

If you decide to participate, you will be asked (a) 

to learn a list of words in its entirety, (b) recall as 

many as possible of the words previously learned after 15 

minutes, and (c) fill out a mood questionnaire. The 

testing will need to be done on two consecutive days—your 

regular dialysis treatment day and, again, approximately 

24 hours later on your nontreatment day. Additionally, 

you will be asked on your nontreatment day to undergo an 

extra venipuncture. Approximately 10 teaspoons of blood 

will be drawn on your nontreatment day by one of the 

dialysis nurses (RN or LVN) at the center or the center's 

laboratory technician—the same individuals who routinely 

set you up on the dialysis machine or draw blood for 

laboratory analysis. The blood drawn will undergo labora

tory analysis to determine BUN and Cr levels. 

It should be noted that the laboratory results of the 

serum chemistries (BUN, Cr) obtained on your nontreatment 

day will not be entered in your medical chart or record 

since it is not part of your medical care or regimen. 

Rather, these levels will be statistically compared to the 

BUN and Cr levels obtained on your dialysis treatment day; 

the results of which are routinely entered in your medical 

record. In order to make these comparisons, however, the 

principal investigator (Guillermo E. Gonzalez, Jr.) will 
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need to have access to your medical records so as to 

examine the BUN and serum Cr levels obtained on your 

treatment day. Additionally, demographic information, 

such as age, education, and length of time on dialysis 

will also be taken from your medical records, again, for 

the sole purpose of data analysis. The entire procedure 

will take about 45 minutes to an hour on each of the two 

days. 

The psychological tests of learning, memory, and mood 

will not cause you any harm and should not be upsetting in 

any way. The risks of blood drawing include mild pain, 

bruising, or infection at the place of the needle stick. 

You will receive $15 per session for your participa

tion—or a total of $30 if you participate on both days— 

as compensation for your time, loss of wages, and travel 

expenses. 

If the research causes any physical injury to the 

participants in the project, treatment is not necessarily 

available at Texas Tech University or the Student Health 

Center, nor is there any program of insurance carried by 

the university or its personnel applicable to cover such 

injury. Financial compensation for any such injury must 

be provided by the participant's own insurance. Further 

information about these matters may be obtained from the 

Vice President for Academic Affairs and Research, Texas 

Tech University (742-2184). 
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Your decision to participate in the study is strictly 

voluntary. You are free to discontinue and/or withdraw 

your consent at any time without affecting your current or 

future treatment at this center. 

Everything we learn about you in this study will be 

kept in the strictest confidence. If we publish the 

results of the study in a scientific journal or book or 

present the results at a scientific meeting, you will not 

be identified in any way. 

Although you may not receive any direct benefits as a 

result of your participating in this study, this study may 

provide a better understanding of the effects of hemo

dialysis on learning and memory functions and thus lead to 

better rehabilitation efforts. 

If you have any questions now, feel free to ask us. 

If you have any additional questions later or require 

additional information, Guillermo E. Gonzalez, Principal 

Investigator (793-1414) or Dr. Robert Anderson, Professor 

of Psychology, Texas Tech University (742-3701 or 

793-1414) will be glad to talk with you. You may also 

contact the Texas Tech University Committee for the 

Protection of Human Subjects (742-3884) if you have any 

questions, comments, or concerns regarding the study or 

your rights as a research subject. 

You will be given a copy of this document to keep. 
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I HAVE HAD THE ABOVE INFORMATION READ TO ME AND I 

UNDERSTAND WHAT IS REQUIRED AND I GIVE MY CONSENT. 

Signature of Subject Date 

Signature of Investigator Date 


