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patients remain asymptomatic. Hampers notes that 70 - 75%
of his patients have become normotensive when treated with
hemodialysis and volume reduction.l4

Impairment of sodium and water metabolism in the
patient with chronic renal failure often leads to peripheral
edema. The condition is worsened by hypoproteinemia and
excess fluid intake in the presence of oliguria.l5 In the
presence of heart failure, pulmonary edema may develop.
Hemodialysis can remove excess fluid volume and produce

clinical improvement.l6

Pericarditis is a complication of chronic renal

failure. It occurs in 30 - 50% of patients with terminal

17,18

renal failure. Most patients are asvmptomatic altho




Gastrointestinal System

Anorexia, nausea, and vomiting are common symptoms in
the patient with chronic renal failure. Mouth ulcers,
gastritis, and duodenitis may develop. Presence of peptic
ulcer disease is common in these patients, although the
incidence may not be appreciably different from the general
population.go The etiology of the gastrointestinal symptoms
is still unknown. Most symptoms will clear when the patient
is treated with maintenance hemodialysis.21

The literature published regarding the incidence of
viral hepatitis is extensive. The incidence of viral
hepatitis, type B ranges from O - 100% varying from one
center to another.22 However, Schiff reports that over 80%
of dialysis centers in the United States have reported cases
of viral hepatitis.23 Descriptive reports indicate that the
incidence of viral hepatitis, type B is much higher in hemo-
dialysis patients, institutionalized mentally retarded
patients, and hematology-cncology patients., Transmission of
the virus in these environments is related

to inadvertant percutaneous inoculation

from contaminated instruments or objects,

entry of contaminated blood through sounds or
unprotected breaks in the skin, accidental

20

Ibid., p. 200,
21Hampers et al., Long-Term Hemodialysis, p. 137.
22Sellers and Massry, Uremia and Dialysis, p. 186.
23

Eugene R. Schiff, "Epidemiology of Virus B Hepa-
titis," Medical Clinics of North America 59 (July 1974):835.
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splattering or splashing of positive material
onto mucous membranes, or inapparent ingestion
of contaminated materials.

Hematopoietic System

The development of anemia is inevitable. Red cells
are normocytic and normochromic.25 Clinical signs of anemia
include shortness of breath, weakness, and anorexia. Hemo-
dialysis may provide some benefit to the uremic individual,
but treatment by dialysis rarely causes elevation of hemato-
crit levels to normal levels.26

A bleeding tendency is not uncommon in the uremic
patient. The coagulation defect is believed to be an
abriormality in platelet function.27 Bleeding from mucous
membranes is predominant. Correction of the platelet

abnormality can be achieved by routine hemodialysis.28

Metabolic and Endocrine Systems

Feldman and Singer have extensively reviewed the
endocrinology and metabolism in uremia and dialysis.
Chronic renal failure patients demonstrate derangement of

protein metabolism, glucose intolerance, and lipid

24David R. Snydman, John A. Bryan, and Richard E.

Dixon, "Prevention of Nosocomial Viral Hepatitis, Type B,"
Annals of Internal Medicine 83 (1975):838.

25

Wintrobe et al., Principles of Internal Medicine,
p. 1379.
26 . .
Hampers et al., Long-Term Hemodialysis, p. 120.
27Sellers and Massry, Uremia and Dialysis, p. 179.
28

Ibid., p. 183.
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abnormalities. Alferations in aldosterone, ADH, erythro-
pcietin, gastrin, growth hormone, glucagon, insulin, and
parathyroid hormone occur. Gonadal function is altered.
Females may experience amenorrhea, infertility, and decreased
libido. Males may present with infertility, gynecomastia,
and decreased libido.29 Hemodialysis may not reverse these

disturbances.3o’3l’32

Psychological Aspects

The psychological stresses of chronic i1llness and the
patients'! adaptation to chronic hemodialysis have been
examined by physicilans and nurses. In 1959 Schreiner
identified the mental and personality changes which manifest
in the uremic patient. Neuropsychiatric symptoms identified
include fatigue, apathy, inability to concentrate for long
periods, cyclic variations in the overall feeling of well-
being, decrease in sexual desires and performance, irrité—
bility, paranoia, compulsive behavior, and sensory hallucin-
ations. Schreiner described case studies of patients who
experienced a reversal of these symptoms following treat-

ment by hemodialysis.33

29Harvey A, Feldman and Irwin Singer, "Endocrinology

and Metabolism in Uremia and Dialysis: A Clinical Review,"
Medicine 54 (September 1975):345.

3OKurtzman and Martinez-Maldonado, Pathophysioclogy of
the Kidney, p. 865.

31Hampers et al., Long-Term Hemodialysis, p. 189,

32Seller‘s and Massry, Uremia and Dialysis, p. 273.

33George E. Schreiner, "Mental and Personality

Changes in the Uremic Syndrome," Medical Annals of the
District of Columbia 28 (June 1959):316.
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Wright categorized the psychological stresses experi-
enced by the patient with chronic renal failure on mainte-
nance hemodialysis. The three categories were: (1) actual
or threatened losses, including body function, membership in
social and work groups, changes in life style, and loss‘of
job and financial status; (2) injury or threat of injury;
and (3) frustration in drives, such as dietary restrictions
and changes in sexual potency and desires.34

Dr. Abram is a psychiatrist who has extensively
studied the effects of maintenance hemodialysis upon
patients, families, and dialysis staffs. Using psychologi-
cal testing and interviews, Abram identified four phases of
adaptation experienced by the patient on rcutine hemodial-
ysis.

He describes patients who have been treated by hemo-
dialysis for at least three months in Fhase IV: The
Struggle for Normalcy - "The Problem of Living Rather than
Dying." At this stage the patient has begun to acknowledge
the realities of his situation and continues to resolve the
cenflicts he is experiencing. Abram states that patients
in this phase who sleep through the dialysis procedure may
be exhibiting a decrease in their concern for injury or

complication during dialysis.35

34Robert G. Wright, Patricia Sand, and Goodhue
Livingston, "Psychological Stress During Hemodialysis for
Chronic Renal Failure," Annals of Internal Medicine 64
(March 1966):611.

5bHarry S. Abram, "The Psychiatrist, the Treatment of
Chronic Renal Failure and the Prolongation of Life: II,"
American Journal of Psychiatry 126 (August 1969):157.
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Levy found that the patient displayed marked fluctua-
ticns in his sense of physical and emotional well-being
during the period of long-term adaptation.36 A chronic
renal failure patient describes his treatment:

Though my contact with the machine is for

only thirty hours a week, it is seldom, 1if

ever, completely out of my mind. It main-

tains a powerful, almost frightening hold

on my life. Were it not for the kidney I

wouldn't be here to write this and yet 1

find it impossible to make friends with

the monster.37

Decreased kidney function affects all body systems.
Disturbances in body function may be prevented or reversed
by treatment on hemodialysis. However, despite the improve-
ment of body chemistries during dialysis, the patient may
experience a temporary and sudden decline in clinical
status during the dialysis procedure.

Although an improvement in the patient's clinical
status is expected during dialysis, the patient may experi-
ence symptoms which are similar to the manifestations of
chronic renal failure such as lethargy, nausea, vomiting,
confusion, muscle twitching, convulsions, and coma. These

clinical signs improve following termination of the pro-

cedure. The sudden onset of temporary symptoms occurring

36Norman B. Levy, "The Psychology and Care of the

Maintenance Hemodialysis Patient," Heart and Lung 2
(May/June 1973):400.

37Harry S. Abram, "The Psychiatrist, the Treatment
of Chronic Renal Failure and the Prolongation of Life: I,"
American Journal of Psychiatry 124 (April 1968):1354.
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during dialysis was first described by Kennedy. He referred

to the syndrome as the dialysis disequilibrium syndrome.38

Dialysis Disequilibrium Syndrome

The dialysis disequilibrium syndrome was first
described by Kennedy in 1962.. He observed a variety of
transient sympftoms which occurred during hemodialysis. The
symptoms included headache, muscle twitching and confusion.
Each patient who experienced these symptoms was a chronic
renal failure patient with a plasma urea level greater than
400 mg% prior to hemodialysis. Dialysis occurred over 3% -
5% hours, reducing the urea levels to 170 - 220 mg%.39

Subsequent reports substantiated Kennedy's find-
ings.4o Manifestations observed included headache, nausea,
vomiting, tremors, dJdisorientation, convulsive seizures, and
coma. The disorder characterized by these symptoms was
named the dialysis disequilibrium syndrome.

Although the symptoms of the syndrome were observed
routinely in dialysis centers, the etiology of the syndrome
remained controversial. In 1969 Wakim reviewed the current

concepts regarding the pathophysiological mechanisms

involved in the production of the clinical symptcms. The
concepts reported were: (1) cerebral edema due to the
38 " 1]
Kennedy et al., "Urea Levels," p. 410.
39Ibid., p. 410,
40

Wakim, "Dialysis Disequilibrium Syndrcme,'" p. 425.
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4]
"reverse urea effect,"

(2) hypoglycemia, (3) alterations
in pCO, tension, (4) increase in potassium/calcium ratio and
shift in electrolytes, (5) overhydration, and (6) signifi-
cant hyponatremia. The common mechanism of each concept is
the rapid biochemical changes which occur during dialysis.42
Tyler noted that neurologic symptoms which occurred during
hemodialysis were caused by rapid changes in pH or shifts
in electrolytes, regardless of whether the shift was in the
direction of improvement.43 In 1976 Klinkman documented
certaln biochemical changes which occurred in uremia and
during dialysis. He found that hemodialysis interfered with
the pathophysiologic equilibrium which takes place in the
uremic individual.44

More recently, Graefe and his associates (1978) com=-
pared the effects ¢of hemodialysis using dialysate containing
acetate ion or bicarbonate ion. The study showed an

increase in clinical symptoms of the dialysis disequilibrium

syndrome in the group of patients dialyzed against the

41Kennedy and associates (1962) first proposed the
concept of the "reverse urea effect." They attributed the
clinical symptoms of the dialysis disequilibrium syndrome to
cerebral edema induced by the osmotic gradient that results
when urea 1s removed from the cerebrospinal fluid and the
brain more slowly than the blood.

42Wakim, "Dialysis Disequilibrium Syndrome,'" p. 425.

43Tyler‘, "Neurologic Complications," p. 739.

44Horst Klinkman, "The Dysequilibrium Syndrome in
Experimental Hemodialysis,'" Transactions of the American
Society for Artificial Organs 16 (1970):532.
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acetate~-containing dialysis. This group also showed a
decrease in pCO2 levels and bicarbonate levels during
dialysis. Bicarbonate levels rose sharply after termina-
tion of the dialysis procedure. The investigators main-
tained plasma osmolality during dialysis by adding urea to
the dialysate.

Graefe proposes that the adverse effects of the
acetate dialysis may be attributed to the change in acid-
base balance or the direct toxic effects of the acetate
ion.45

Regardless of the etiology ¢f the syndrome, a phenom-
enon which has been observed frequently is the osmotic gra-
dient between the brain and the plasma at the end of dial-
ysis. In 1962 Sitprija and Holmes noted an increase in
intracranial fluid pressure in mcongrel dogs during hemo-
dialysis. This increase 1n intracranial pressure was cor-
related with a reduction in serum osmolalitfy and an increase
in the sodium bicarbonate in the bath dialysate.46 Kennedy
attributed the symptoms of the dialysis disequilibrium
syndrome to an osmotic gradient created by the delayed

clearance of urea from the brain and cerebrospinal fluid.47

45U. Graefe et al., "Less Dialysis-Induced Morbidity

and Vascular Instability with Bicarbonate in Dialysis,"
Annals of Internal Medicine 88 (May 1978):332.

46Sitprija and Holmes, "Intracranial Pressure and
Intraocular Pressure," p. 302.

47Kennedy et al., "Urea Levels," p. 410.
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Peterson and Swanson supported Kennedy's findings. They
proposed that the removal of urea causes the dilution of the
extracellular fluid. In an effort to maintain equilibrium,
water moves into the cell. When this occurs in the brain,
cerebral edema results. It is believed that the cerebral
edema is responsible for the manifestations of the symp-

toms.48 ’

In 1975 DiMattio studied the effects of changes in
serum osmolality on the bulk flow of fluid into the cerebral
ventricles. During episodes of induced hypo-osmolality,
bulk filow rate increased and brain water content increased
respectively. He supports that it is the osmotic gradient
between blood and the brain and cerebrospinal fluid- which
is responsible for the increase in bulk flpw and the brain
water content.49

Studies since 1969 have primarily been directed
towards the prevention of the clinical symptoms of the
dialysis disequilibrium syndrome. Duration and rate of

dialysis have been examined in an effort to prevent the

rapid removal of solute during the procedure. Arieff has

examined the effects of rapid50 and slow51 hemodialysis. In
48
Peterson and Swanson, "Acute Encephalopathy,'p. 878¢.
49

Joseph DiMattio, "Effects of Changes in Serum
Osmolarity on Bulk Flow of Fluid into Cerebral Ventricles

and on Brain Water Content," Pflugers Archives 359 (1975):
253.

5OThe duration of rapid hemodialysis was 100 minutes

at a blood flow rate of 12 ml/kg/minute.
51The duration of slow hemodialysis was 200 minutes
at a blood flow rate of 5 ml/kg/minute.



dogs treated with rapid hemodialysis, seizures occurred. 1In
these dogs the brain osmolality was significantly higher
than that of the plasma osmolality at the end of the dialy-
sis. During slow dialysis the seizure activity did not
occur, and there was not a significant difference betweén
the brain osmolality and the plasma osmolality.52 In clini-
cal practice Mayrier noted a decrease in the occurrence of
clinical complications during hemodialysis when the duration
of dialysis and the blood flow rate were r‘educed.S3

The infusion of hypertonic solutions and the addition
of hypertonic solutions to the dialysate during dialysis has
been attempted in order to prevent a rapid fall in plasma
osmolality. Urea, fructose, glucose, sodium chloride, and
glycerol have been used as osmotically active subsfances to
prevent the rapid fall in plasma osmoclality during dialysis.

Hagstam documented the presence of complaints during
dialysis while administering mannitol infusions and placebo
infusions. He observed a decrease in the manifestations of
the dialysis disequilibrium syndrome in the experimental
group. There was a significant difference in the decrease
in plasma osmolality during dialysis between the groups. In
the mannitol series the plasma osmolality fell 17 mOsm/kg.

The osmolality fell 26 mOsm/kg in the placebo group

52Allen Arieff et al., "Brain Water and Electrolyte

Metabolism in Uremia: Effects of Slow and Rapid Hemodialy-
sis," Kidney International 4 (1973):177.

53Mayrier et al., "Dialysis Disequilibrium Syndrome,"
p. 313.
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Q><CLOl).54 Port was successful in preventing the symp-
toms of the syndrome in nine patients who were dialyzed
with a high sodium dialysate. The patients in the control
group experienced a marked decrease in plasma osmolality.55

Rodrigo found a decrease in the clinical symptoms of
the dialysis disequilibrium syndrome by the use of a high
glucose concentration dialysate and/or mannitol infusioné;“
The plasma osmolality in the control group fell 10 mOsm/kg.
In the experimental group the osmolality fell 5.2 mOsm/kg.56

The eticlogy of the dialysis disequilibrium syndrome
remains inconclusive. The mechanisms which may be respon-
sible for the manifestations of the syndrome are the rapid
biochemical changes which occur during hemodialysis. and
the osmotic gradient which exists between‘the brain and
blood at the end of the dialysis procedure.

Studies performed to find a satisfactory means for
preventing the symptoms of the diaiysis disequilibrium
syndrome have supported the concept that a change occurs in
serum osmolality during the dlalysis procedure. Researchers
have found that if a marked decrease in serum osmolality 1is
prevented, there is a decrease in the clinical symptoms of

the dialysis disequilibrium syndrome. However, no study

published at this time looked at the specific relationship

54Hagstam et al., "Mannitol Infusion," p. 257.

55Port et al., "High Sodium Concentration in the
Dialysate," p. 327,

56Rodrigo et al., "Osmolality Changes," p. 554.
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between the change in serum osmolality and the clinical

manifestations of the syndrome.

Clinical Significance of Serum Osmolality

Serum osmolality is the concentration of dissolved
ionized particles per unit volume of aqueous solution. The
osmolality of the fluid in each body compartment--intra-
vascular, interstitial, and intracellular--is approximately

300 mOsm/1 of HEO' Osmotic equilibrium between fluid com-

partments is maintained by the process of osmosis.57

When there is a difference in osmolality between two
fluid compartments, water moves rapidly from the area of
less osmolality to the area of greater osmolality. This
rapid movement of water is responsible for the state of
osmotic equilibrium between the flulid compartments.

In abnormal fluid states, the cell and its environ-
ment maintain cosmotic equilibrium by the process of osmosis.
When the cell is within a hypotonic environment, water moves
into the cell in an attempt to achieve a state of equilib-
rium. Grantham has reviewed the literature concerning the
pathophysioclogy of hyposmolar conditions.58

Symptoms associated with acute induction of hypo-

osmolality include weakness, lethargy, confusion, delirium,

57Arthur C. Guyton, Textbook of Medical Physiology

(Philadelphia: W.B. Saunders Co., 1971), p. 387.

58Jared J. Grantham, "Pathophysiology of Hyposmolar
Conditions: A Cellular Perspective," in Disturbances in
Body Fluid Osmolality, ed. Thomas E. Andrecli, Jared J.
Grantham, and Floyd C. Rector, Jr. (Bethseda: American
Physiological Society, 1977), p. 217.




muscle twitching, impaired mentaticon and convulsions.
Arieff proposes that the neurclogical symptoms of the hypo-
osmolar state result from a balance between the gain in
brain water and the loss of brain electrolytes, specifically
potassium and chloride ions.59

The brain alsoc undergoes adaptation to hyperosmolar
states. Oakley describes a case study in which the patient
presents with hyperosmolar nonketotic coma and a serum
osmolality of 366 mOsm/l. Symptoms observed included
altered mental status, lethargy, anorexia, nausea, and
vomiting., The hyperosmolar state results in cellular dehy-
dration, the primary cause of death.eo

Arieff reviewed the literature regarding the patho-
physiology of hyperosmolar states.61 The hyperosmolar state
which exists in the chronic renal failure patient is usually
assoclated with an increase in the plasma concentration of

urea., In 1969 Hagstam found that the serum osmolality in

his chronic renal failure patients prior to hemodialysis was

59Allen I. Arieff, Francisco Llach, and Shaul G.

Massry, "Neurological Manifestations and Morbidity of
Hyponatremia: Correlation with Brain Water and Electro-
lytes," Medicine 55 (March 1976):121.

6ODaVid E. Oakley and Philip P. Ellis, "Glycerol and
Hyperosmolar Nonketotic Coma," American Journal of
Opthalmology 81 (April 1976):470.

61Allen I. Arieff, Raul Guisado, and Virginia C.
Lazarowitz, "Pathophysiology of Hyperosmolar States," in
Disturbances in Body Fluid Osmolality, eds. Thomas E.
Andreoli, Jared J. Grantham, and Floyd C. Rector, Jr.
(Bethseda: American Physiological Society, 1977), p. 227.
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320 mOsm/l.62 The patients in the Rodrigo study (1977) had
serum osmolalities ranging from 307 - 318 mOsm/1l prior to
dialysis.63

In 1959 Martinc reported that changes in serum osmol-
ality occur during hemodialysis. He found that the serum
osmolality may increase or decrease during the dialysis pro-
cedure.64 Hagstam reported a fall in serum osmclality of
17 £ 2 mOsm/1 in patients receiving mannitol infusions dur-
ing dialysis. In patients dialyzed against a low sodium and
0.9% glucose dialysate, the serum osmolality decreased

26 £ 3 mOsm/l.65

In 1973 Port observed a decrease in the serum osmol-
ality of 25 % 12.9 mOsm/1l in a control group. In patients
dialyzed with a high concentration sodium dialysate the fall
in serum osmolality was 5.8 X 2.7 mOsm/l.66 In 1977 Rodrigo
reported a decrease of 10 mOsm/1 in his control group and a
fall of 5.2 mOsm/1l in patients dialyzed against a high

glucose dialysate.67

62Hagstam et al., "Mannitol Infusion," p. 260.
63Rodrigo et al., "Osmolality Changes," p. 555.
64

Martino and Kelemen, "Changes in Serum Osmolality
and in Blood Urea," p. 114.

Hagstam et al., '"Manniftol Infusion,'" p. 260.

66Port et al., "High Sodium Concentration in the

Dialysate," p. 3283.

67Rcdrigo et al., "Osmolality Changes," p. 554.
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The following major points have been presented in the
literature review:

1. A frequent and dangerous complication of hemo-
dialysis 1is the dialysis disequilibrium syndrome.

2. Symptoms of the dialysis disequilibrium syndrome
are similar to the clinical signs of chronic renal failure.
Symptoms of the syndrome occur during the dialysis procedure
and usually subside following termination of the procedure.

3. Changes in serum osmoclality occur during the
dialysis procedure,

4. Experimental studies directed towards the pre-
vention of the clinical symptoms of the syndrome have sug-
gested correlation between the number of clinical symptoms
experienced by the patient during hemodialysis and the
change in serum osmolality.

5. When preventing a marked decrease in serum
osmolality during hemodialysis, researchers observed a
decrease in the occurrence of clinical symptoms of the
dialysis disequilibrium syndrome.

6. No published study at this time has examined the
specific relationship between the change in serum osmolality
and the occurrence of clinical symptoms of the dialysis dis-

equilibrium syndrome during hemodialysis.



CHAPTER III
METHODOLOGY

Hemodialysis has proved to be a successful treatment
for the patient with end-stage renal failure. However, the
procedure is‘not without its complications. The most fre-
quent and dangerous complication of hemodialysis is the
dialysis disequilibrium syndrome.

The etiology of the syndrome remains unclear. How-
ever, research has shown that there 1s a change in the serum
osmolality during the dialysis procedure. Rodrigo observed
that the clinical signs of the dialysis disequilibrium

syndrome declined in parallel to a decrease in serum osmol-

ality.l

1t was the purpocse of this study to determine if a
relationship existed between the change in serum osmolality

and the number of clinical symptoms of the dialysis dis-

equilibrium syndrome.

setting
The sample for this study was selected from the
chronic renal failure patients receiving maintenance hemo-

dialysis in the Renal Dialysis Unit of an urban medical

lRodrigo et al.,, "Osmclality Changes," p. 554.

29
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center located in a southeastern city. Subject data for
this study were collected from May 25, 1978 to June 30,
1978.

The Renal Dialysis Unit is an eight-bed unit. The
unit meets the needs of a variety of individuals requiring
hemodialysis treatment. One group routinely receives main-
tenance hemodialysis treatment at this unit. A second group
of patients receive hemodialysis treatment for acute epi-
sodes of renal failure as in-patients at the medical center.
A third group of chronic renal faillure patients are in-
patients of the medical center who routinely receive their
dialysis treatment at other dialysis units. While patients
at the medical center, these patients receive hemodialysis
treatments at the Renal Dialysis Unit within the medical
center. The individuals return to their former dialysis
center following discharge from the medical center.

The\subjects for this study were selected from the
group of chronic renal failure patients who routinely
receive maintenance hemodialysis at the Renal Dialysis Unit

in the medical center.

Data Source

Serum osmolality measurements and clinical symptom
frequencies were taken during 28 separate dialysis pro-
cedures conducted on 11 patients who consented to partici-
pate in this study.

Each subject in this study had been receiving hemo-

dialysis treatment for at least three months. Patients with
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a positive Australian Antigen were not included in this
study in order to avoid cross-contamination of patients
through collection of the blood samples by the investigator.

The age range of the sample was 23 to 60 years with
a mean age of 42 years., Eight females and three males par-
ticipated in the study. The medical director of this unit
stated that the population of the unit is représentaﬁivelof
chronic renal failure patients receiving hemodialysis

within the United States.

Nursing Personnel

All classifications of nursing personnel employed in
the Renal Dialysis Unit, including RN, LPN, and dialysis
technicians, were responsible for monitoring the patients
during the dialysis procedure. All nursing personnel con-
sented to participate in this study. Participation in the
study included observation and documentation of patient's

clinical symptoms during the dialysis procedure.

Instrument

The tools used in this study were constructed by the
investigator. The list of symptoms included in each tool,
Symptoms Experienced by the Patient While Receiving Hemo-
dialysis (Appendix C) and Patient Symptoms Observed by the o
Nurse During Hemodialysis (Appendix D), was obtained from

the observations made by the dialysis nurses in the Hagstam

study.2

2Hagstam et al., "Mannitol Infusion," p. 258.



