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ABSTRACT 

The purposes of this research were to: 1) describe 

selected fluid and electrolyte changes that occur during the first 

four hours after open heart surgery; 2) determine whether significant 

hourly changes occurred in: blood pH, fluid intake, exogenous 

potassium chloride replacement, fluid output, or serum and urinary 

sodium and potassium levels; and finally, 3) delineate which of the 

above variables were most strongly related to changes in serum and 

urinary, sodium and potassium levels. 

Fifty-three patients who had undergone cardiac surgery 

involving cardiopulmonary bypass were studied. Urine and blood 

samples were collected every hour for the first four hours postoper

atively and were analyzed for sodium and potassium content using 

flame photometry. Blood pH and exogenous potassium chloride replace

ment were recorded from the anesthesiologist's and nurse's records. 

Fluid intake and fluid output were measured directly by the 

investigator. 

Analyses included both descriptive and correlational 

statistics. In addition, a repeated measures procedure (MANQVA) 

was performed to discern performance trends over time. 

The data showed that hypokalemia (defined as a serum 

potassium level less than 4.0 mEq/L) was present in approximately 

52 percent of the subjects for the first two postoperative hours and 

that by the fourth hour only 15 percent of the subjects were 

xi 
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hypokalemic. In addition, subjects were noted to retain 2.47 liters 

of fluid over the four hour period. Significant differences in 

fluid output were noted across time. Serum sodium levels did not 

change significantly across time even though serum potassium levels 

di d. 

The data indicated that the best predictors of hypokalemia 

were fluid intake and fluid output. Both of these variables had a 

significance level of p=.OOO. Regression analysis showed that fluid 

intake and exogenous potassium chloride replacement explained 11.9 

percent of the variance in serum potassium at a significance level 

of p=.008. Furthermore, fluid output explained 7.3 percent of the 

variance in urinary potassium (p=.030). 



CHAPTER 1 

INTRODUCTION AND STATEMENT OF THE PROBLEM 

In terms of health maintenance, one of the most fundamental 

and basic physiological processes performed by human organisms is the 

maintenance of a state of dynamic equilibrium. The ability to con

stantly regulate and maintain body fluid volume and electrolyte concen

trations within a circumscribed range iscritical for survival. Main

tenance of fluid and electrolyte balance within a narrow normal range 

demands that the organ ism perform se If regu I at i on (Leaf and Cot ran 1980) . 

Individuals who undergo surgery frequently have compromised ability to 

self regulate their internal milieu and become dependent upon others 

in the health care system to monitor and help regulate their internal 

environment, particularly body water and electrolyte balance. The 

control of dynamic equilibrium of postoperative patients receiving 

intravenous therapy literally rests in the hands of the individual 

administering the replacement therapy (Moran and Zimmerman 1967). 

Self regulation becomes extremely precarious for persons . 

who are placed on cardiopulmonary bypass machines while undergoing 

cardiac surgery. Such persons are prone to develop electrolyte 

abnormalities due to both surgical trauma and mechanical damage to 

red blood cells as they circulate through the heart lung machine. 

Within the body water milieu are dissolved solutes, 

including inorganic ions, which affect metabolism and which must be 



maintained in very narrow concentration ranges. When disruption 

of the balance of ions occurs under conditions of illness, stress 

2 

and surgical trauma, normal physiological and metabolic activities of 

the body are altered. Persons experiencing cardiovascular surgery, 

which involves extra~orporeal circulation, are prone to develop post

operative electrolyte abnormalities, particularly potassium imbalance. 

Hypokalemia is reported to be the most frequently encountered post

operative electrolyte abnormality in cardiac surgical patients, and 

appears to be related to both the quantity and composition of intra

operative flLlids replaced in accord with their concomitant effect on 

hemodilution of the blood via extracorporeal circulation, as well as 

changes in blood pH (Dieter and Neville 1970; Yokoyama et al. 1972). 

The cardiovascular consequences of hypokalemia are multiple 

(Kleeman and Singh 1980). The primary electrophysiologic effects of 

low extracellular potassium concentration are on cardiac heart muscle 

repolarization, and the resultant decrease in myocardial contractil ity 

(Hudak, Lohr and Gallo 1977; Kleeman and Singh 1980). liThe factor 

creating these electrophysiological muscle changes can be attrib~ted 

to decreased potassium conductance, which, itself is due to an 

increased concentration gradient of potassium across the cell mem

brane. The decrease in potassium conductance impedes the flow of 

repolarization currents so that repolarization is prolonged" (Kleeman 

and Singh 1980; p. 157). Since potassium conductance is decreased 

the normal electrical conductance pattern is altered. This alter

ation stimulates ectopic pacemakers which initiate unifocal and 
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multifocal ectopic beats. Surawicz and colleagues (1956) in a 

study of 50 patients with hypokalemia noted that 10 percent of 

patients with potassium levels between 3.0-3.5mEq/L evidenced changes 

in their electrocardiographic (EKG) patterns. Potassium levels less 

than 2.7mEq/L produced EKG changes in 78 percent of the sample. 

The type of conduction disturbances which result from the hypokalemic 

state can cause ectopic, reentrant and potentially lethal ventricular 

and atrial arrhythmias to be induced (Kleeman and Singh 1980). 

Hudak et al. (1977) notes, II ••• the severity of these arrhythmias 

certainly points out the need for early recognition of this problem." 

(Hudak et al. 1977; p. 163). 

Hypolalemia is an inevitable outcome after open heart surgery 

(Breckenridge et al. 1972; Patrick and Sivapragasam 1977). To com

pensate for the iatrogenic hypokalemic state patients are usually 

given supplemental intravenous potassium chloride (KCI) replacement 

in order to maintain a serum level between 3.5 and 4.5 mEq/L (Marcial 

et al. 1969; Abe et al. 1977; Babka and Pifarre 1977). Intravenous 

potassium replacement is initiated intraoperatively and it is con

tinued postoperatively until the oral fluid restriction is lifted 

and patients are able to take oral potassium supplementation. It is 

during this immediate postoperative period when the major responsi

bil ity for monitoring and correcting patient's electrolyte status 

rests with nurses. While the responsibility rests with nurses there 

are no scientifically verifiable criteria for nurses to use when 
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replacing KCI during the postoperative period. In addition to a 

lack of criteria for replacing potassium there are two other problems. 

First, the flow rate of a specified concentration of intravenous KCI 

over a specified period of time has not been established; and second, 

the frequency with which potassium chloride can be replaced most 

efficaciously is not known. Each problem will be addressed indi~idually. 

Criteria 

The criteria currently used for intravenous KCI replace-

ment are based on formulae and appear to be institution specific. 

In southern Arizona there are presently two criteria used by nurses 

to replace intravenous KCI. The first criterion involves measurement 

of serum potassium (K~) every four hours. If serumK+is less than 4.5 

mEq/L replacement is based on 2.0 mEq of KCI for every 0.1 mEq/L that 

+ the serum K level is below 4.5 mEq/L. For example, if a patient's 

serum pota~sium level was measured as 4.0 mEq/L then replacement, 

using the above criterion, would be 10 mEq of KCI (2.0 mEq x 5). 

The other criterion is based on hourly urine output. Here, 1.0 mEq 

of KCI is replaced for every 15cc of urine output on an hourly basis. 

For reasons of economy and expediency clinicians are 

forced to rely on serum levels of potassium in order to monitor the 

kalemic status of the cardiac surgical patient. Unfortunately the 

magnitude of total body potassium depletion cannot be accurately 

estimated from peripheral serum potassium measurements; of the 3700 

mEq of potassium found in the body more than 98 percent is located 
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intracellularly (Schultze and Nissenson 1980). According to estimates 

derived from the data of ReIman and Schwartz (1952, 1953) an intra-

cellular deficit of 100 mEq of potassium /L produces but a I mEq/L 

lowering of serum potassium. Schultze and Nissenson (1980) report 

a concomitantly significant morbidity if the total intracellular 

deficit is in excess of 350 mEq/L. 

Rate 

The rate of potassium replacement should depend on the 

severity of the hypokalemia. Schwartz et al. (1980) in a study of 

30 adult open heart surgery patients found that a single bolus dose 

of less than 8 mEq/L of KCI administered directly into the oxygenator 

reservoir of the cardiopulmonary bypass machine caused an acute rise 

in serum potassium level with no adverse effects. However, at bolus 

doses equal to or greater than 8 mEq/L, hypertension (defined as a 

mean arterial pressure (MAP) greater than 120 mm Hg) resulted. 

There is presently little consensus as to what flow rate 

constitutes an absolute safe range for KCl replacement administration. 

Schultze and Nissenson (1980) suggest that up to 40 mEq of KCI per 

hour may be given via solutions which contain no more than 60 mEq/L. 

Carroll and Oh (1978) suggest 10 mEq/hr, via intravenous (IV) infusion 

may be administered although as much as 80 mEq in 15 minutes has been 

given in life threatening arrhythmias. Schwartz and Lyons (1977) 

suggest that a safe replacement be based on the following formuJa: 

PATIENTS WEIGHT IN KILOGRAMS x 3 mEq = MAXIMUM SAFE DOSAGE OF 
IV KCI/24 HOURS. 
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Frequency 

The frequency, or how often potassium should be replaced 

also remains controversial. The replacement of KCl on a four hourly 

basis, as described earl ier, appears to be inadequate. Conversations 

with nurses indicate that it is common practice to administer extra 

KCl during the four hour interim because serum levels are low. A 

study by Miller (1980) of open heart surgery patients indicated that 

serum potassium levels reached a nadir between the first and third 

hours postoperatively. These preliminary findings suggest that work 

needs to be done to establish whether more frequent determinations of 

serum potassium are necessary. 

Previous Work on Potassium Replacement 

The medical literature is replete with clinically derived 

data that associate open heart surgery and potassium loss (Babka and 

Pifarre 1977; Schwartz et al. 1980; Roe 1973; Yokoyama et al. 1972; 

Dieter and Neville 1970), yet no criteria or research based protocols 

for replacement of the potassium ion are reported. 

A review of the nursing literature generated a similar 

finding of hypokalemia in postoperative open heart surgery patients 

(Rando 1982). Review of the nursing literature revealed that nurses 

warn of symptoms of a hypokalemic state, but no interventions, 

guidelines, or criteria for maintaining postoperative patients in a 

normokalemic state were found. 



Few specific suggestions were found that proposed 

how to correct potassium depletion. No scientific rationale for 

replacement of the potassium ion per ~ were found. Dieter and 

Neville (1970) found that the administration of 30 mEq/L of KCI to 

each 1000cc of intravenous fluid given the postoperative patient, 

totally prevented any arrhythmias due to hypokalemia. No rationale 

was offered fo~ their replacement formula or for the rate at which 

the intravenous fluid was infused. Cohen (1979) suggests that, in 

practice, potassium supplements are generally recommended until 

normal serum levels are reestablished, but again, no specific guide

lines were stated. Brenner and Stein (1978) suggest that the con

centration of potassium replacement should not exceed a level of 

80 mEq/L of infusate nor should it exceed an infusion rate of 30-40 

mEq/hour. The overall picture then is one of recognition of the 

need for potassium replacement, but no substantive scientific 

rationale for doing so. 

Statement of Problem 

The problem this study was designed to answer was two

fold: first, what are the temporal patterns of serum and urinary 

sodium and potassium levels during the first four hours after open 

heart surgery using cardiopulmonary bypass; and, secondly, which 

variables have the strongest relationship to changes in serum and 

urinary sodium and potassium levels? 

7 



Statement of Purpose 

The purpose of this study was: 1} to describe selected 

fluid and electrolyte changes that occurred during the first four 

hours in patients after open heart surgery; 2} to determine whether 

significant hourly changes occur in blood pH, fluid intake, exogenous 

potassium chloride replacement, fluid output, or serum and urinary, 

sodium and potassium levels; and 3} to delineate which of the above 

factors are most strongly related to changes in serum and urinary, 

sodium and potassium levels. 

Significance of Problem 

8 

The problem of exogenous potassium replacement in post

operative open heart surgery patients is significant to nursing since 

nurses have been delegated the responsibility of monitoring and re

placing potassium, in the form of intravenous KCI, during the immediate 

postoperative period. The problem is significant for sick people pri

marily because no tested or validated protocols are available, nurses 

replace potassium out of untested protocols established at their 

institutions. The problem encountered in using such protocols is 

their rigidity: they do not take into account the specific physio

logical parameters which need to be assessed on an individual basis, 

nor do they consider the varying rapidity with which each individual 

recovers from surgical intervention. 

Another aspect of the KCI replacement problem is related 

to the fact that clinicians are using peripheral {extracellular} serum 



potassium values as indices of intracellular ionic concentrations. 

The goal of exogenous extracellular potassium chloride replac~ment is 

to ,establish an intracellular normokalemic state within the context 

of the total body potassium including the intracellular environment. 

9 



CHAPTER 2 

THEORETICAL FRAMEWORK 

This chapter contains the theoretical framework which 

includes, a diagrammatic representation of the theoretical framework 

(Figure 1). This diagram merely serves as a visual representation 

for fitting key scientific variables into a structure. It also 

allows the reader to examine the relationships between the variables. 

The chapter considers both sodium and potassium as important electro

lytes, but potassium is emphasized because it is the primary focus 

of this study. Sodium is considered only secondarily, and only in 

light of its reciprocal relationship with potassium. This chapter 

also contains a literature review which focuses on the potassium 

ion, specifically: potassium as an electrolyte; the physiological 

functions of potassium; and the physiological regulators of 

potassium which includes the state of hypokalemia. 

Theoretical Model 

In order to answer the questions posed for this study, 

that is, what are the temporal patterns of serum and urinary sodium 

and potassium levels;' and, what factors have the greatest impact on 

serum and urinary sodium and potassium levels, the following 

theoretical model has been derived. The model (Figure 1) is depicted 

as having five stages with each stage containing a variable, or 

10 



STAGE I STAGE II 

X, X2 

STAGE III 

X3 
BLOOD 
SERUM pH 

X4 
I 

AGE +) BVPASS TIM~.\ FLUID 

Xs 

JtHAKE 

EXOGENOUS KCL 
REPLACED 

STAGE IV STAGE V 

X7 

~ SERUM SODIUM 

- X /' 

SER~M POTASSIUM 

X6 ;?y 
----~) FLU I D OUTPUT 

~9 
URINARY SODIUM 

X,~ 
URINARY POTASSIUM 

Figure'. Full Serum and Urinary Sodium and Potassium Model. 



12 

variables, which is (are) theorized as impacting on the succeeding 

stages. Stage I contains the variable age (Xl). Stage II is depicted 

by the variable bypass time (X2). Stage III encompasses three vari

ables: blood pH(X
3

)? fluid intake (X4) and exogenous potassium 

chloride replaced (X
5
). Included in Stage IV is the variable fluid 

output (X6). And finally, Stage V is depicted as including four. 

variables: serum sodium (X
7
), serum potassium (X8), urinary sodium 

(X
9

) and urinary potassium (X l0). Each of these variables has been 

gleaned from both classic studies (Lubin 1964; Skou 1965; MandaI et 

al. 1968) and the more current advances in the field (Cohen 1979; 

Bartter 1980; Li, Wills and Hanson 1980). 

The relationships that can be derived from this model 

can be.stated thusly: 

1. The older the subject the longer the bypass time. 

The longer the bypass time the greater the serum pH, and 

the greater the serum pH the lower the serum potassium and 

the higher the serum sodium levels. 

2. The older the subject the longer the bypass time. 

The longer the bypass time the greater the amount of fluid 

intake, the greater the fluid intake the less the fluid 

output; and the less the fluid output the greater the 

serum and urinary sodium and potassium levels. 

3. The older the subject the longer the bypass time. 

The longer the bypass time the more exogenous potassium 

chloride replaced and the greater the urinary potassium level. , 
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Potassium as an Electrolyte 

Predominant substances found within body water compart-

ments are electrolytes. Electrolytes are so named because they exist 

as electrically charged particles called ions when they are dissolved 

in water (Metheney and Snively 1979). Some of these ions have a 

positive electric charge, and these migrate to the negative pole, or 

cathode, in an elect~ic field; hence, they are termed cations. Other 

ions develop a negative charge, and thus migrate to the positive pole, 

or anode, in an electric field; hence, they are termed anions (Jensen 

1976). While most electrolytes are found both inside and outside 

cells, the individual concentrations differ markedly in the various 

compartments. Intracellularly, potassium (K+) , phosphate (PO~), 

magnesium (Mg++) and protein anions (A+) predominate. Extracellularly, 

sodium (Na+) , chloride (Cl-) and bicarbonate (HCO;) ions prevail. 

Potassium is found in both the intracellular and the 

extracellular fluid, but it is the major intracellular electrolyte--

the primary cation of the cell. Approximately 98% of potassium is 

found intracellularly with an average concentration of 150 mEq/Kg of 

water (Schultze and Nissenson 1980; Pestana 1981). Although 

potassium is found in all cells, a major portion of total body 

potassium is found in skeletal muscle, because this cell type is 

abundant and composes a large fraction of body weight. This site 

contains approximately 70% (or about 3000 millequivalents) of the 

total intracellular stores. The other 28% is found in other cells 



throughout the body. The remaining two percent (about 50 millequi

valents), with an average concentration of 4 mEq/L, is found in the 

extracellular compartment, and is reflected in the serum potassium 

reading (Pestana 1981; Stroot, Lev and Schaper 1977). 

Functions of PotassIum 

The maintenance of potassium balance is crucial for the 

optimal operation of vital cell functions. Experiments (Lubin 1964; 

Skou 1965; Katz and Epstein 1968) have shown that high intracellular 

potassium levels are necessary for the full display of many cell 

functions (growth, DNA and protein synthesis, adequate enzyme oper

ation, cell volume and pH control), and an adequately large trans

membrane potassium concentration gradient across cell membranes is 

critical to the electrical polarization of nerve and muscle cells 

(Giebisch 1980). 

Lubin (1964) has documented the effect of potassium 

concentration on the rate of cell growth. Using two mutant bacterial 

strains, Escherichia col i ! and Bacillus subtilis, and subjecting 
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them to media containing different concentrations of electrolytes he 

found he could control the rate of cell division. In a sodium salt 

medium cell division was halted and could not be restored by the 

addition of a mixture of amino acids, purines, pyrimidine, and vitamins. 

In contrast, if these same cells were washed and resuspended in a 

medium containing as little as 0.1 mM of potassium and allowed -to 

equilibrate the cells grew at a maximal rate. From this he concluded 



that it would seem unlikely to be a coincidence that these different 

bacterial strains are both affected in the same way by a decrease in 

cell potassium. His findings suggest that extracellular control 

might govern cell growth through regulation of potassium transport. 

In vitro studies by Lubin (1964) also demonstrated that 

potassium appears to control the rate of protein synthesis. In 

experiments on the kinetics of incorporation of phenylalanine into 

a polypeptide, sodium or lithium added at the start of the reaction 

antagonized the stimulating effect of potassium or ammonium ions. 
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If addition of the inhibiting ion was delayed several minutes, however, 

inhibition was found to be much less pronounced. These results 

suggested that an initial process, a "priming reaction" occurred 

before the formation of the peptide bond (Lubin 1964). Of importance 

to this priming reaction was the critical requirement for potassium. 

Another example of the significant role potassium plays 

in protein synthesis is taken from Lubin's (1964) work with Bacillus 

subtilis. In this mutant bacteria reduced cell potassium specifi

cally limited protein but not Ribonucleic Acid (RNA) synthesis. The 

rate of incorporation of uridine into RNA was equal to the normal 

rate of synthesis of RNA, at a time when the synthesis of protein 

had fallen to negligible levels. A doubling of RNA content could 

be produced in potassium depleted cells with little or no change 

in net protein content. This dissociation of protein and RNA 

synthesis was attributed to the reduction in intracellular potassium. 



Potassium also functions as an important constituent 

in certain enzymatic operations. Physiological studies by Skou 

(1965) and by Katz and Epstein (1968) have established that active 

sodium and potassium ionic transport occurs via an enzyme system, 
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the sodium potassium adenosine triphosphatase system. The important 

characteristics of this enzyme system are that it hydrolyzes adenosine 

triphosphate (ATP) (the primary source of energy for active transport), 

that it is maximally activated only in the presence of sodium and 

potassium (magnesium was also required), and that it is present in 

the plasma membrane of almost all cells (Hays 1980). The critical 

factor necessary for maximal enzymatic operation is the presence 

of sodium and potassium ions. 

Another example of potassium's role in enzymatic 

reactions is its interactions with insulin. Insulin requires potas

siun is a cofactor in its enzymatic action of moving glucose across 

the cell membrane to take part in glucose-6-Phosphate formation 

(Schwartz and Lyons 1977). The explanation for the transcellular 

movement is that insulin stimulates the efflux of sodium by an energy 

dependent process associated with the stimulation of Magnesium

dependent-Sodium-Potassium-ATPase. The efflux of sodium is asso

ciated with an increase in intracellular potassium (Schultze and 

Nissenson 1980). 



Potassium also plays a role in the maintenance of cell 

volume via the ATPase induced active ionic transport mechanism. 

The primary cation in the extracellular fluid is sodium; in the 

intracellular fluid it is potassium. The maintenance of a steady 

state between these two solutes occurs because of the sodium

potassium-ATPase pump. A normal cell membrane is permeable to 

both sodium and potassium ions, but is impermeable to such intra

cellular anionr, as protein and nucieic acids. Subsequently, the 

total concentration of diffusible ions would be greater on the side 

of the impermeant ion(s). This relatively larger ionic concentration 

produces a difference in osmotic pressure across the membrane. 

Theoretically this difference in osmotic pressure would be compen

sated for by the influx of water into the cell, cell swelling, and 

the generation of an intracellular hydrostatic pressure sufficient to 

balance the difference in osmotic pressure. This type of solution 

to the problem would be unphysiologic and could result in the rupture 

of the cell membrane (Hays 1980). As a more physiologic solution to 

the problem nature has provided for an active transport mechanism 

which causes the extrusion of sodium from the intracellular compart

ment. 

This active transport mechanism is an intramembranous 

pumping mechanism which actively transports sodium out of the cell, 

while simultaneously transporting potassium into the cell. The 

energy for driving this mechanism is derived from the hydrolysis of 
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adenosine triphosphate (ATP). In the process of actively transporting 

ions across cell membranes electric potentials are generated. 

Due to the unique physiochemical properties of the 

plasmalemma, all living cells exhibit a difference in electric 

potential across this membrane, which is known as a transmembrane 

resting potential (Jensen 1976). The membrane potential develops 

because of the specific differences in the composition of the extra

cellular and intracellular fluids. The ionic concentration differences 

between these two compartments depends on two factors: first, the 

relative rates of passive diffusion of ions across the cell membrane, 

which results from concentration differences of ions on both sides 

of the membrane; and secondly, the active transport of ions across 

the membrane. The net effect of these two factors is an unequal

distribution of electric charges on both sides of the membrane such 

that a transmembrane potential develops with the outside of the 

- membrane being positively charged and the inside negatively charged 

(Jensen 1976; Berne and Levy 1977; Sokolow and Mcilroy 1979). The 

negative inside potential has two effects: it enhances the inward 

movement of potassium, and it inhibits, by repulsion, the inward 

movement of chloride. Net ionic movement is outward, and this 

balances the osmotic pressure differences across the cell membrane, 

thereby maintaining cell volume (Hays 1980). 

Another important function that potassium performs is 

its reciprocal exchange role with hydrogen during the process of 
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buffering hydrogen ions. Potassium levels are constantly fluctuating 

to compensate for changes in hydrogen ion levels; when acidotic 

states prevail there is a concomitant rise in serum potassium levels, 

and the opposite is true during alkalotic states. The physiologic 

processes associated with each of these states will be discussed in 

detail. 

Acidotic states' can result from four primary conditions: 

1) excessive intake of hydrogen ions; 2) excessive production of 

hydrogen ions, as might be present during states of starvation, 

diabetic ketoacidosis, or lactic acidosis; 3) defective elimination 

of hydrogen ions from such disorders as: renal failure, treatment 

with diuretic drugs, or adrenal insufficiency; and 4) excessive loss 

of base e.g. diarrhea (Li et al. 1980). Regardless of the causative 

factor this is a state of elevated extracellular hydrogen ion con

centration. In an attempt to compensate for this imbalance hydro

gen ions begin to move into the cell. In order to maintain 

electroneutrality, potassium moves out of the cell into the surround

ing interstitial fluid, and eventually into the surrounding intra

vascular fluid. This influx of potassium into the extracellular com

partment produces a rise in serum potassium levels. Plasma potassium 

levels increase approximately 0.6mEq/L for every 0.1 unit fall in 

pH. It is important to remember that ions move from an area of 

greater concentration to an area of lesser concentration in an 

attempt to achieve a steady state. In a state of serum hyperkalemia 



caused by acidemia, potassium ions are transported from the intra

cellular compartment, to the extracellular fluid (serum) regardless 

of the total body state in exchange for hydrogen ions. The increased 

serum potassium level that results from this exchange is called a 

false level because serum levels rise regardless of total body 

potassium and there may in fact be a decrease in total body potas

sium levels (Schultze and Nissenson 1980; Li et al. 1980; Stroot 

et a 1. 1977). 

Alkalotic states are directly antithetical to acidotic 

states. The factors causing alkalosis are primarily three: 1) 

excessive loss of hydrogen ions; 2) increased hydrogen ion excretion; 

and 3) excessive intake of base. Again, the common denominator for 

each of these three factors is that they lower the plasma level of 

hydrogen Ions, which causes a compensatory shift of hydrogen ions 

into the extracellular space from the cell in an effort to keep 

hydrogen ion concentration within normal levels. Potassium ions 

move into the cells as hydrogen ions move out, thereby decreasing 

the plasma level of potassium. The plasma level falls about 0.6~Eq/L 

for each 0.1 unit rise in pH (Oster, Perez and Vaamonde 1978; 

Stroot et al. 1977). 

The Regulation of Serum Potassium 

Schultze and Nissenson (1980) identify three routes b~ 

which potassium, under normal conditions, can be lost from the body, 
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specifically: 1) sweat; 2) stool; and 3) urine. Sweat represents 

a minute amount. less than 5 mEq per day in temperate climates. 

Ordinarily less than 10 percent of ingested potassium is found in the 

stool. however the amount varies according to both the amount of 

water and the bacterial content of the stool. Both of these routes 

of loss. are insignificant when compared to the role the kidneys 

play. More than 90 percent of ingested potassium is excreted in the 

urine (Schultze and Nissenson 1980). For this reason only the latter 

mechanism will be considered in any detail. 

Serum potassium fluctuations can occur due to: 
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1) total body losses caused by such factors as decreased potassium 

intake. or increased gastrointestinal and/or renal losses; 2) compart

mental shifts. in which one intracellular ion would exchange with an 

extracellular ion. such as one sees in metabolic acidosis in which 

hydrogen ions enter the cell and potassium ions exit the cell in an 

attempt to restore a "steady state" equilibrium; or finally. 3) a com

bination of total body losses and compartmental shifts. These various 

types of fluctuations will be discussed 1n more detail later in this 

paper. 

The kidney is the major organ that excretes potassium 

(Valtin 1973). To maintain total body potassium balance. intake 

must equal output. If an individual's potassium intake increases. the 

excretion rate in the urine follows pari passu without a detectable 

increase in total body potassium (Schultze and Nissenson 1980; Schwartz 

and Lyons 1977). The excretory process is so efficient that under 



appropriate conditions, potassium excretion may exceed the amount 

filtered through the glomerulus (Schultze and Nissenson 1980). 

Regardless of the total body balance of potassium there 
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is always a daily loss via the gastrointestinal tract and the kidneys. 

If the intake of potassium is inadequate, this loss can lead to a 

total body potassium deficiency. The renal losses result from 

cellular breakdown (a normal catabolic process) as evidenced in 

excreted nitrogenous waste, and occur regardless of other loss 

mechanisms. Approximately 3.0 mEq of potassium per gram of protein 

is lost through excretion of nitrogen waste products by the kidneys. 

This averages about 40 mi11equiva1ents of potassium per liter of urine 

output. In debilitated patients losses of this magnitude can quickly 

result in a hypokalemic state (Stroot eta!. 1977; Scribner and 

Burnell 1956). 

A second type of loss is termed "potassium dep1etion." 

This type of loss is a result of altered membrane permeability 

or dysfunction of the sodium-potassium exchange pump, and results from 

a consequent inability to retain potassium within the cell. This 

process contributes to a total body deficit by decreasing total intra

cellular potassium concentration without a concomitant decrease of 

lean body mass, producing a diminished ratio between intracellular 

and extracellular potassium concentrations (Deuxchaisnes et ale 1961; 

Patrick 1977). 

Urine potassium excretion appears to result from 

filtration and distal tubular secretion, counterbalanced by some 



distal tubular reabsorption (Sealy and Laragh 1974). In an attempt 

to maintain electroneutrality potassium is secreted in exchange for 

sodium. Schwartz and Lyons (1977) adhere to the traditional concept 

that sodium is actively reabsorbed in the distal tubule under the 

influence of aldosterone or other nonaldosterone mechanisms and that 

as sodium is reabsorbed in this 5ystem it is exchanged for another 

cation. (It is important to note that the hydrogen ion can also be 

secreted in exchange for sodium, and that the amount of potassium 

that is exchanged depends on the acid-base status of the distal 

tubular fluid). Since sodium reabsorption in the distal tubule is 

not accompanied by commensurate chloride reabsorption, a negative 

electrochemical gradient is formed and potassium passes from the 

cells into the tubular urine (Schwartz and Lyons 1977; Sealey and 

Laragh 1974). The result of this exchange is an increased loss of 

the potassium ion. In patients whose fluid and electrolyte status 

have already been compromised by the disease process this additional 

decrement in potassium level can produce deleterious effects. 

Another intrarenal factor which affects potassium balance 

is the hormone aldosterone. Aldosterone is an adrenal mineralcorti

coid. Its synthesis and secretion are regulated indirectly via the 

renin-angiotensin system. In response to sodium depletion, volume 

depletion (a drop in the mean blood pressure) hypoperfusion of the 

juxtaglomerular apparatus, or an increased potassium concentration, 

renin, a proteolytic enzyme synthesized in the juxtaglomerular 
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apparatus, is released into the plasma and acts on an alpha-2 

globulin (angiotensinogen) to produce antiotensin I. Angiotensin I, 

an inactive decapeptide, is then acted upon by an angiotensin con

verting enzyme which splits two amino acids from it to produce two 

active substances: angiotensin I I, an octapeptide, and angiotensin 

I I I, a heptapeptide. Angiotensin I I is tropic to the adrenal 

glomerulosa cell to initiate the synthesis and secretion of aldo

sterone. Angiotensin I I I is-also a potent stimulator of aldosterone 

secretion but it does not have the vasoconstricting effects of angio

ten~in II (Tepperman 1980; Sealey and Laragh 1974; Schwartz and 

Lyons 1977; Brenner and Stein 1978; Knochel 1977). Aldosterone 

facilitates sodium reabsorption and potassium excretion. The 

mechanism in the kidney tubule is postulated to be via aldosterone 

directed synthesis of sodium binding protein which transports sodium 

across tubular membranes in exchange for potassium (Sealey and 

Laragh 1974). 

The second, and a weaker regulator, of aldosterone 

secretion is adrenocorticotrophic hormone (ACTH), released in 

response to injury or stress, and acts directly on the adrenal cortex 

to stimulate the secretion of aldosterone to promote sodium retention 

and potassium secretion. 

The final stimulator of aldosterone secretion is potassium. 

Pota-sium is the key factor in the production of aldosterone. In the 

absence of potassium, angiotensin I I and ACTH cannot stimulate 

aldosterone synthesis and/or secretion (Schwartz and Lyons 1977). 
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Potassium's effect on aldosterone secretion can best be described 

as a closed loop negative feedback system. Small increases in plasma 

potassium concentration of the order of 0.3mEq/L are sufficient to 

produce sharp rises' in aldosterone secretion (Sealey and Laragh 1974). 

These increases may be due to either an increase in dietary intake, or 

to replacement therapy. Again, as with the other two mechanisms, 

potassium induces cellular synthesis of aldosterone, to promote sodium 

reabsorption and potassium excretion from the distal tubule. As 

potassium concentration returns to normal aldosterone secretion 

decreases, and the feedback loop is completed. 

Hypokalemia 

Hypokalemia has been variably defined as a decrease 

in serum potassium concentration below 4.0mEq/L or 3.0mEq/L (Schultze 

and Nissenson 1980; Li et al 1980; Schwartz 1972). For pur~oses of 

this study hypokalemia will be defined as a serum potassium level 

less than 4.0mEq/L. This level is chosen because in most clinical 

practices potassium replacement is continued until the patient 

reaches a level of at least 4.0mEq/L, and also because the admin

istration of digoxin, a cardiotonic drug which has both positive 

inotropic and negative chronotropic action, is withheld until a level 

of 4.0mEq/L is reached. 



Postulated Mechanisms of Potassium 
Loss and Hypokalemia 

Intracellular Potassium Redistribution 

A decrease in plasma potassium ion concentration is 

often times merely a shift of the ion from the extracellular fluid 

compartment to the intracellular fluid compartment. In postoperative 

surgical patients this "shift" can be traced to two factors: 1) either 

a change in acid-base equilibrium, or 2) hormonal influences. 

Investigators have suggested that one of the primary 

causes of hypokalemia in postoperative patients is due to respiratory 

alkalosis (Dieter and Neville 1970; Marcial et al. 1969; Babka and 
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Pifarre 1977; Sanchez and Finlayson 1978). In hyperventilatory states, 

such as those seen during operative procedures, there is an initial 

increase in pH (detrease in hydrogen ion concentration), and a con-

comitant fall in PaCOZ• In this state potassium ions which carry 

a positive charge, move from the plasma and extracellular fluid and 

cross the cell membrane into the cell to replace positively charged 

hydrogen ions that are moving into the extracellular fluid (Sanc~ez 

and Finlayson 1978). This loss of potassium from the extracellular 

compartment favors the development and perpetuation of alkalosis. 

The lack of available plasma potassium, deprives the kidney of that 

alternative for its reabsorption of sodium (potassium-sodium. 

exchange) and thus forces it to exchange hydrogen ions for sodium 

ions or to reabsorb sodium with bicarbonate, both of which may lead 



to alkalosis or make preexisting alkalosis difficult to treat 

(Pestana 1981). Thus alkalosis leads to hypokalemia, and hypokalemia 

leads to alkalosis (Ayres et al. 1974): the net result being sus

tained extracellular depletion of potassium. 
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Insulin is another hormone which promotes the transport of 

potassium into cells, with a resultant lowering of extracellular potas

sium concentration (Ganong 1977). There are a variety of pathological 

states causing stress that are associated with abnormal insul in 

secretion and hyperglycemia. Porte and Robertson (1973) observed 

that infants undergoing hypothermic cardiovascular surgery suffered 

from severe hyperglycemia and low insulin levels, presumably due to 

activation of the sympathetic nervous system, and the concomitant 

release of alpha-adrenergic catecholamines which suppressed insulin 

secretion. Based on their observations and the work of other 

investigators (Allison 1971; Morgan, Mearns and Burkinshaw 1978) 

they concluded that surgery was perhaps the most common cause of 

abnormal insulin secretion and hyperglyecmia. Although hypothermia 

isacommon concomitant of surgery, even in theabsenceof a low body 

temperature, the surgical state itself, specifically, cardiovascular 

surgery, was associated with almost complete suppression of insul in 

responses to glucose st i mu 1 at ion. Since glucose is common 1 y infused 

under such c i rcums tances ext reme degrees of hyperg 1 ycema and osmot i ca 11 y 

induced hyponatremia have bee~ observed, particularly during hypo

thermia. This process is spontaneously reversed soon after surgery 



and the subsequently marked insulin rebound is followed by a rapid 

uptake of glucose and potassium. In some instances these changes 

have been severe enough to induce cardiac arrhythmias secondary to 

hypokalemia (Allison 1971). 

Abe et ala (1977) in a study of 18 open heart surgical 

28 

patients found that while insulin secretion was inhibited during bypass, 

both its concentration and effects increased post bypass (peak being 

reached in 60 minutes). This is presumed to be closely related to 

potassium movement into the cells. 

Total Body Potassium Deficit 

Extracellular potassium losses are those losses occurring 

through renal excretion, or from the secretions of the stomach and 

gastrointestinal tract. Both factors can contribute to the renal 

loss of potassium in open heart surgery patients. 

Approximately 90 percent of filtered potassium is 

reabsorbed in the proximal tubules and loops of Henle, so that by 

the time a potassium load reaches the distal tubules there is less 

than 10 percent of the original filtered concentration (Schultze and 

Nissenson 1980; Jensen 1976; Guyton 1976). The reabsorption of 

potassium in the proximal tubules is assumed to be an active process 

because metabolic energy is necessary to move the potassium against 

an electrochemical gradient. This gradient is generated by the 

decreased concentration of potassium in the proximal tubules as' 

compared with the plasma concentrations of the ion, and also because 



the luminal fluid is electrically negative in relation to the 

peritubular fluid (Leaf and Cot ran 1980; Schrier 1982). Leaf and 

Cotran (1980) believe that this proximal reabsorption of potassium 
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is an "obligatory process," and the varying quantities of potassium 

that appear in the urine result from the fluctuating secretory 

activity in the terminal parts of the nephron. The joint effect of 

the aldosterone feedback mechanism and the active transport system 

exert an exceeding precise control over extracellular fluid potassium 

concentration so that it usually or normally remains within 10 per

cent of an average value of 4.SmEq/L (Jensen 1976). The distal tubule 

can reabsorb or secrete depending on the need to conserve or lose 

potassium to maintain its normal range. Reabsorption is an active 

process in which potassium ions move against an electrochemical 

gradient from the luminal to the peritubular fluids. This process 

requires metabolic energy in the form of adenosine triphosphate (ATP). 

Actual secretion takes place within the distal tubule and collecting 

ducts, where potassium is secreted into the tubular lumen (Cohen 1979). 

This process is a passive one due to electrical gradients generated 

by reabsorption of sodium from the urine. The membrane potentials 

derived from the active transport of sodium seem to account for the 

dependence of potassium excretion on sodium. Thus, any factor which 

increases the electronegativity of the luminal fluid increases 

potassium secretion (Leaf and Cotran 1980). Several of these mechan

isms will be considered, namely: diuretics, hormones, acid-base 

balance, and disruption in cell membranes. 



Diuretics 

Diuretics that are not potassium sparing evoke an immediate 

increase in renal potassium excretion. The postulated mechanism 

explaining this ka1iuresis is that these diuretics interfere with 

sodium (and chloride) reabsorption at a site in the nephron proximal 

to where potassium secretion occurs; thus, more sodium is delivered 

downstream to potassium secretory sites (Cohen 1979). Recall that 

sodium and potassium function on an exchange basis, so that sodium 

moves into the distal tubular cells, potassium is forced out into 
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the tubular lumen, assuming that hydrogen ion concentration is normal. 

Hormones 

Another important mechanism which stimulates renal 

potassium loss is the effect of minera1corticoids produced in response 

to the IIstress ll of the operative procedure. Aldosterone and other 

sodium retaining steroids promote renal potassium loss by stimulating 

the secretion of potassium and hydrogen ions by the collecting ducts. 

Sodium loads apparently act by increasing distal tubular flow of 

sodium containing fluid; reabsorption of the sodium (through mechanisms 

described earlier in this paper) increases the (lumen-negative) 

e1ectricpotential: this and the increased flow itself potentiate 

the potassium secretory action of the collection tubules (Bartter 

1980). 
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Acid-Base Status 

Changes in acid-base status also have an effect on 

potassium excretion. Dieter and Neville (1970) in a study of 30 

postoperative open heart surgery patients concluded that the 

hypokalemic states of some of these patients may have been potentiated 

by excessive administration of sodium bicarbonate in an effort to 

ameliorate postoperative metabol ic acidosis. This would result in a 

compensatory metabolic alkalosis which is known to lower plasma 

potassium concentrations by causing a shift of hydrogen ions from 

the intracellular compartments to the extracellular compartments in 

an effort to maintain a "steady state" equilibrium, and subsequently 

causing potassium ions to move from the extracellular compartment 

to the intracellular compartment on a compensatory exchange basis. 

This produces a vicious cycle wherein alkalosis lowers the serum 

potassium which in turn can curtail sodium bicarbonate excretion with 

an alkalemia prevailing. This potentiates the alkalosis with a 

furthe!._Jowering of the extracellular potassium. A factor which 

further adds to the problem is the increased secretion of adrenal 

cortical hormones secreted as a result of the surgical "stress" 

situation. Another vicious cycle ensues in which potassium and 

hydrogen ions lost due to mineralcorticoids causes alkalosis, and 

alkalosis further potentiates urinary potassium excretion (Dieter 

and Neville 1970). 
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Disruption of Cell Membranes 

Mechanical disruption of cell membranes, as caused by 

extracorporeal circulation, is believed to potentiate whole body' 

potassium loss. As red blood cell membranes rupture and the intra

cellular potassium leaks out into the extracellular fluid it stimulates 

the adrenals to secrete aldosterone. The cycle of sodium retention 

and potassium excretion !s then initiated. Babka and Pifarrp. (1977) 

in a study of 60 open heart surgery patients found that the longer 

the patients were on bypass, the more potassium that had to be 

administered. The replacement was presumably given to compensate 

for the potassium ions lost by damage to cell membranes. 

Summary 

This chapter has presented the theoretical model that 

was derived from an extensive review of the literature. In addition 

this chapter has discussed the various functions and roles that 

potassium assumes in an attempt to maintain a normokalemic state. 



· CHAPTER 3 

DESIGN AND METHODOLOGY 

This chapter will present both the design and methodology 

used to answer the bipartite research question posed by this study, 

namely: what are the temporal patterns of·the serum and urinary, 

sodium and potassium levels; and, which selected factors have the 

strongest relationship to the serum and urinary, sodium and potassium 

levels for the first four hours following cardiovascular surgery? 

Setting and Sample 

This study was designed as a descriptive study of 

53 subjects who underwent open heart surgery and were chosen as a 

convenience purposive sample, from a group of patients scheduled for 

open heart surgery at a University Medical Center in the Southwest 

region of the country. 

The criteria for subject selection were as follows: 

1) All subjects had to read and understand written and spoken 

English; 2) all subjects had to be minimal surgical risks as deter

mined by criteria established by the Cardiothoracic Surgeon; 3) All 

subjects had to have some type of direct cardiotomy procedure 

involving use of the cardiopulmonary bypass machine, such as coronary 

artery bypass, valve replacement or aneurysmectomy; 4) Subjects-who 

had any known underlying metabolic disease were excluded from the 

study. 
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The rationale for these criteria were as follows: 1) 

Persons who could not speak or understand English were not i~vited 
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to participate since they would not be able to give informed consent; 

2) Persons determined to be at risk were excluded for ethical reasons 

and the fact that they might require some type of mechanical assistance 

postoperatively such as the intraaortic balloon pump which would be 

an intervening variable to produce gross changes in electrolyte 

status; 3) Persons who did not undergo cardiopulmonary bypass were 

excluded since bypass time was one of the major variables; and finally, 

4) Persons with known underlying metabolic diseases were excluded 

because of the potential for confounding surgically induced physio

logical changes with chronic adaptive changes that had already 

occurred. 

Variables of the Study 

Independent Variables 

The independent variables in this model were derived 

from Stages I, I I and I I I of the Reduced Model depleted in Figure 

11 (p.74). These independent variables were: 

1. Bypass time (X 1)- the amount of time in minutes that the 

patient was on the cardiopulmonary bypass machine. 

2. Blood pH (X
2
)- the concentration of hydrogen ions, given in 

pH units, as determined by analysis of arterial blood and recorded 

from the anesthesiologist's and nurse's records for all time 

periods. 



35 

3. Fluid Intake (X
3
)- the amount offluid taken in, inmilliliters, 

from the time the patient entered the operative suite, and each 

hour for four hours postoperatively. The intake included all 

types of intravenous fluids including: blood products and 

volume expanders. 

4. Exogenous KC1 (X4)- the amount of exogenous KCI, in 

millequivalents, that was intravenously infused in both intra

venous fluids and as a bolus drug per ~, each hour during the 

first four postoperative hours. 

5. Fluid Output (X
5
)- the amount of fluid eliminated, in 

milliliters, by the patient from the intraoperative period through 

the first four hours postoperatively. The sources of output 

were: chest tube drainage and urine excretion. 

Dependent Variables 

The dependent variables in this study were derived from 

Stages I II and IV of the Reduced Model (p.74). These variables were: 

1) fluid output; 2) serum sodium and potassium levels; and 3) urinary 

sodium and potassium levels. The values for the latter two variables 

were determined by the use of the Turner Flame Photometer (Model 510). 

Both Serum and urinary specimens were collected every hour for 

the first four hours postoperatively. 

The use of flame photometry as a valid and reliable index 

for determining both serum and urinary sodium/potassium levels has 



been documented (Marcial et ale 1969; Adrogue et ale 1971; Lowe et 

ale 1972). The reliability and validity of the instrument were 

further established by the investigator through analysis of standard 

samples, and concurrent analysis by another University laboratory. 

Kinds of Data Collected 

The data collected for all subjects were of two types. 
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First, descriptive data which included: age, sex, surgical procedure, 

pre- and postoperative weights, fluid intake, fluid output, bypass 

time and KCI replaced. In addition a 5 ml sample of arterial blood 

was drawn from an indwelling arterial catheter initially within 20-30 

minutes after the patient came off bypass, and every hour thereafter 

for four consecutive hours. The total amount of blood collected 

from each subject was 25 mI. 

A 10-15 ml sample of urine was obtained from the 

drainage bag connected to an indwelling foley catheter. The first 

urine specimen was obtained in the operating suite (simultaneous with 

the first arterial blood sample) and additional specimens were 

collected every hour thereafter. The total amount of urine collected 

was between 50-75 mls/patient. 

Blood Collection Protocol 

The following protocol was strictly adhered to for all 

blood collections. Twenty to 30 minutes after the patient came off 

bypass the initial blood sample was drawn with a 5 ml syringe, by 



the anesthesiologist, from an indwelling arterial catheter. This 

sample was transferred by the investigator to a 10 ml red top test 

tube, coded with the subject's identification number, and labelled 

TO' Each hour thereafter, a 5 ml sample of arterial blood was 

drawn by the investigator and/or nursing staff from the arterial 
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line. The samples were consecutively labelledT1, T2 , T3 and T4. All 

samples were transferred to the red top test tube by the investigator. 

Technique of Serum Sodium/Potassium Analysis 

The arterial blood samples were allowed to clot; 

after the blood clotted the tube was reemed, and centrifuged at 

3,000 rpm for 12 minutes to separate the serum from the cells. 

The serum was then transferred to a plastic test tube using a 

Pasteur pipette. The tube was coded, labelled as to proper time 

sequence and then stored in a freezer which was maintained at a 

temperature between -10 to -15°C until analysis was done. 

Analysis of serum samples was done after every six to 

eight~subjects. Thiswasdonetoprevent the introduction of the 

intervening variable of investigator fatigue which had the potential 

for occurring if the investigator had waited until all 53 patient 

samples were collected. The logistics of analyzing some 795 samples 

of serum (triplicate samples of each specimen collected x 5 hourly 

collections = 795 analyses) at one time would have been fraught 

wi th errors. 



Protocol for Urine Collection 

The following technique was adhered to for all urine 

~ollections. A 10-15 ml specimen of urine was obtained initially 

in the operating suite. The anesthesiologist opened the port on 

the foley catheter bag and allowed 10-15 mls of urine to drain into 

a 15ml plastic test tube. Once the specified volume was obtained 

the port was closed and the test tube cod~d with the subject's 

identification number and labelled TO' Each hour thereafter a 

10-15 ml sample of urine was obtained from the foley bag. The 

samples were consecutively labelled T1 , T2 , T3 and T
4

. All samples 

except the initial one were collected by the investigator. 

Technique for Urine Sodium/ 
Potassium Analysis 

All samples of urine, in their coded specimen bottles, 

were stored in a freezer at -10 to -15°C until analysis was done. 

Analysis of samples was done after every 6-8 subjects for logistics 

reasons mentioned earlier. All samples were analyzed on the Turner 

Flame Photometer (Model 510). 

Technique of pH Analysis 

The pH values were determined by arterial blood gas 

analysis performed by the clinical laboratory in the institution 

where the study took place. 
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Technique for Determining the 
Amount of Fluid Intake 

The intraoperative fluid intake was transferred from 

the anesthesiologist's record. The fluid intake during the first 

four postoperative hours was ,measured directly by the investigator by 

subtracting the fluid volume at the end of each hour from the fluid 

volume that was in the intravenous buretrol at the beginning of each 

hour. Both types of information were recorded in a laboratory work-

book kept by the investigator. 

Technique for Determining the 
Amount of Fluid Output 

Sensible fluid output was determined by direct 

observation of urinary output and chest tubedrainage as measured 

by the investigator. 

Reliability and Validity of the Instrument 

Reliability is defined as the tendency toward consistency 

in repeated measurements of the same phenomenon (Carmines and 

Zeller 1979). The reliability of the flame photometer used in this 

study was initially determined both by an analysis of standard 

samples, and independent and concurrent analysis of serum samples 

by another University laboratory. 

The valid use of flame photometers has been established 

in previous studies (Oster et'al. 1978; Adrogue et al. 1971; Mandal 

et al. 1969). In this study validity was further substantiated by 

having a sample of the same pooled human serum analyzed by an 
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independent laboratory. In addition the machine was recalibrated 

after every six samples. This calibration check was within the 

guidelines set by the manufacturer. 

Statistical Analysis Techniques 

Statistical analysis of the data were done using 

descriptive statistics to describe the distributional character

istics of the variables. Correlational statistics were used to 

describe the degree to which variation in one variable was related 

to variation in another variable. Repeated measures (MANOVA) 

were done to discern performance trends over time. And finally, 

regression analysis was done in order to determine how much 

of the variance in serum and urinary sodium and potassium levels 

could be attributed to variables in the theoretical model. 

Design Limitations of the Study 

The design limitations of this study were: 1) pH values 

were not determined every hour for the first four hours on every 

patient; 2) continuous weight readouts were not available to the 

investigator so as to account for insensible fluid loss; and 3) some 

arterial blood samples were drawn from the catheter by persons other 

than the investigator. 

Human Subjects 

The human rights of all subjects were protected by the' 

National Institutes of Health guidelines, University guidelines, as 

well as the written policies of the University of Arizona College of 
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Nursing and the Arizona Health Sciences Center Ethical Review 

Committee's "Human Subjects Committee Manual of Procedures (1979)." 

Prior to admission to the study all persons scheduled for cardiac 

surgery who met the stated criteria were invited to participate. 

Those who volunteered to do so signed a witnessed consent form which 

explained to them the risks associated with the study. Risks were 

explained both verbally and in writing. Subjects were free to 

withdraw from the study at any time, and to have any questions 

answered. (See Appendix A for a copy of the consent form). Data 

were coded to protect each subject's privacy, and analysis was done 

via computer using the coded data. 
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CHAPTER 4 

DATA ANALYSIS 

This chapter contains an analysis of the data collected. 

It includes demographic and descriptive data about the sample as well 

as a presentation and analysis of the statistical methods used. 

Description of the Sample 

Demographic Characteristics 

This study consisted of 53 subjects who were chosen 

as a convenience purposive sample from a pool of 68 subjects who 

were scheduled for open heart surgery between 15 April 1982 and 

5 August 1982. Of the 68 subjects who were invited to participate 

in the study, 15 were lost to follow up. Five patients declined 

participation when initially approached by the investigator. Three 

patients had blood pressure problems (either hypertensive or 

hypotensive) and/or arrhythmia problems and had to be dropped from 

the study at various time intervals during the data collection. 

Two patients had to be placed on circulatory assistance (the 

intraaortic balloon pump) and because of their acuity, protocol 

restrictions and for ethical reasons they were dropped from the 

study. Of the remaining five subjects each was excluded or dropped 

from the study for one of the following reasons: 1) one subject 
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went into cardiac arrest during anesthetic induction; 2) one subject 

evinced electrocardiographic evidence of having had a myocardial 

infarction prior to surgery; 3) one subject ruptured his coronary 

artery bypass graft about three hours after the initial surgical pro

cedure; 4) one subject went on and off the cardiopulmonary bypass 

machine four times; and finally, 5) one subject's surgery was 

delayed because of an emergency procedure, and this delay was of 

such a duration that it was impractical for the investigator to 

collect the requisite data. 

The sample consisted of 41 males and 12 females. 

The average age of the males was 60 years with a range of 23 to 

78 years. The females averaged 60 years of age with a range of 32 

to 83 years. These data are presented in Table 1. 

Each subject was weighed on the morning of surgery 

between 0545 am and 0615 am. The average weight for the males 

was 79.3 Kg, with a range of 48.6 to 110.4 Kg. The average pre

operative weight for the females was 65.3 Kg. with a range of 46.2 

to 78.2 Kg. The mean preoperative weight for the entire sample was 

76.15 Kg. These data are presented in Table 2. 

The most frequently performed surgical procedure on 

this sample was the coronary artery bypass (CAS) with 66.1% of the 

entire sample having between one and five bypasses performed (See 

Table 3). Nine of the 53 subjects, or 17.1 percent of the sample, 

had more than one procedure performed. Females had 57% of the 
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Table 1. Demographic Data: Subjects' Age by Sex. 

Age Groups Male (N=41) Female (N=12) 

20-29 2 

30-39 2 

40-49 2 

50-59 11 6 

60-69 18 2 

70-79 6 

80-89 2 

Range 23-78 years 32-83 years 

Mean 60 years 60 years 

Standard Deviation 12.05 years 13.96 years 
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Table 2. Demographic Data: Subjects' Preoperative Weight (in Kilo
grams) by Sex. 

Weight Groups 

40-49 

50-59 

60-69 

70-79 

80-89 

90-99 

100-109 

110-119 

Range 

Mean 

Standard Deviation 

Males (N=4l) 

2 

7 

II 

13 

5 

48.6-110.4 kilograms 

79.33 kilograms 

13.62 kilograms 

Females (N=12) 

3 

7 

46.2-78.2 ki lograms 

65.33 kilograms 

I o. 80 k i I og rams 



Table 3. Frequency of Surgical Procedures. 

Surgical Procedure 

CAB x 1 ~': 

CAB x 2 

CAB x 3 

CAB x 4 

CAB x 5 

MVR# 

AVR@ 

CAB x 2 and MVR 

CAB x 3 and Carotid Endarterectomy 

CAB x 3 and AVR 

MVR and AVR 

MVR and Aortic Commissurotomy 

CAB x 1 and AVR 

AVR and Left Ventricular Aneurysmectomy 

AVR and Mitral Commissurotomy 

Frequency 

4 

6 

14 

7 

7 

5 

2 

~':Coronary Artery Bypass followed by number of bypasses 

#Mitra1 Valve Replacement 

@Aortic Valve Replacement 
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mitral valves replaced and 60% of the aortic valves replaced, 

while only 13.9% of this group had coronary artery bypass grafts 

implanted. 

In summary, the typical subject in this study was a 

60 year old male, weighing 76.2 Kg. who had a triple coronary 

artery bypass procedure performed. 

Description of Variables 

Serum Potassium Levels 

Table 4 depicts the serum potassium levels for the 

subjects at each time period. It is interesting to note that the 

percentage of patients who evidenced hypokalemia (defined as a serum 

potassium level less than 4.0 mEq/L) rose from TO (42%) to T1 (62%), 

and then gradually fell from T2 (53%), to T3 (25%), and finally 

T4 (15%). 

Total Fluid Exchange 

To determine how much fluid was being retained in the 

postoperative period, and thus, how much weight each subject gained 

during the first four hours postoperatively, a new variable called 

fluid exchange was created. Total fluid exchange was equal to the 

total amount of fluids infused minus the total sensible fluid out-

put (both chest tube and urinary drainage). As Table 5 depicts 
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the range for fluid exchange was 784 milliliters to 8172 milliliters. 



Table 4. Frequency Distribution: Serum Potassium Levels at TO' T1, T2, T
3

, and T4. 

Time Serum Potassium Level Frequency Percentage of 
in mEq/L Total. Subjects 

TO 2.00 - 2.99 0 0 
3.00 - 3.99 22 42 

(N=52) 4.00 - 4.99 25 48 
5.00 - 5.99 4 1 
6.00 - 6.99 1 2 

Range: 3.20 - 6.10 Mean: 4.09 mEq/L S. D. : .56 mEq/L 

Tl 2.00 - 2.99 1 2 
3.00 - 3.99 32 60 

(N=53) 4.00 - 4.99 19 36 
5.00 - 5.99 0 0 
6.00 - 6.99 1 2 

Range: 2.80 - 6.20 Mean: 3.42 mEq/L S.D. : .50 mEq/L 

T2 2.00 - 2.99 0 0 
3.00 - 3.99 28 53 

(N=53) 4.00 - 4.99 23 43 
5.00 - 5.99 1 2 
6.00 - 6.99 1 2 

Range: 3.10 - 6.40 Mean: 3.93 mEq/L S.D: .55 mEq/L 

.J:
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Table 4--Continued 

Time Serum Potassium Level 
in mEq/L 

T3 2.00 - 2.99 
3.00 - 3.99 

(N=53) 4.00 - 4.99 
5.00 - 5.99 
6.00 - 6.99 

Range: 3.20 - 6.30 Mean: 

T4 2.00 - 2.99 
3.00 - 3.99 

(N=53) 4.00 - 4.99 
5.00 - 5.99 
6.00 - 6.99 

Range: 2.90 - 6.20 Mean: 

Frequency 

0 
13 
36 

3 
1 

4.26 mEq/L 

1 
7 

40 
4 
1 

4.35 mEq/L 

Percentage of 
Total Subjects 

0 
25 
67 
6 
2 

S. D. : .58 mEq/L 

2 
13 
76 
7 
2 

S. D. : .52 mEq/L 

~ 
\.0 



Table 5. Total Fluid Exchanged Across Time (N=53). 

Total Fluid Exchanged 
( in Mil 1 iIi te rs ) 

700-1199 

1200-1699 

1700-2199 

2200-2699 

2700-3199 

3200-3699 

3700-4199 

4200-4699 

7700--8199 

Range 

Mean 

Standard Deviation 

784 mls-8172 m1s 

2470.85 m1s 

1272.81 mls 

Frequency 

7 

8 

10 

11 

6 

4 

3 

3 
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The mean fluid exchange volume was 2471 milliliters. This trans-

lates into a postoperative wei~ht gain of approximately 2.47 Kilograms. 

The significance of this fluid exchange will be discussed in chapter 5. 

Exogenous Potassium Chloride. Replaced 

The total amount of potassium chloride (KC1) replaced 

was derived from two sources: 1) from the. various intravenous fluids 

infused (see Table 6); and 2) from bolus replacement of the ion 

per~. Table 7 presents the electrolytic composition of the 

various intravenous fluids used for this sample of subjects. The 

total amount of KCl replaced from intravenous (IV) fluids from the 

time surgery commenced until four hours postoperatively ranged from 

0.18 mEq to 2.27 mEq with a mean of 1.19 mEq given (Table 6)~ Added 

to this was the amount of ion replaced as a bolus dose of KCl. This 

replacement ranged from 0.0 mEq to 50 mEq (Table 8) with a mean of 

21.1 mEq given. The sample received a mean total KCl replacement of 

22.29 mEq. Figures 2 and 3 depict the mean prorated (amount of 

fluid given per 60 minute period) distribution of this KCl over 

time. Figure 2 shows that the amount of KCl received by the subjects 

from intravenous fluid infusions was lowest at T1 with a mean of 

.205 mEq infused, and that it peaked at TO with a mean Intake of 

2.51 mEq. Figure 3 is similar in that the bolus of exogenous KCl 

administered was highest at ~3 with a mean of 8.31 mEq. The least 

amount of exogenous KCl administered was at TO with a mean of 0.05 

mEq given. 



Table 6. Average Amount of Prorated Potassium Chloride Given to Sub
jects in Intravenous Solutions (N=52). 

Millequivalents 

0.00 - 0.49 

0.50 - 0.99 

'1.00. - 1.49 

1.50 - 1. 99 

2.00 - 2.49 

Range: 

Mean: 

Standard Deviation: 

Frequency 

2 

13 

28 

6 

3 

0.18 mEq - 2.27 mEq 

1.19 mEq 

0.433 mEq 
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Table 7. Electrolyte Composition of Selected Intravenous Fluids. 

Solution 

Lactated Ringers 

5% Dextrose in Lactated 
Ringers 

Normal Saline 

5% Dextrose and 
0.45% Sodium Chloride 

5% Dextrose and 
0.2% Sodium Chloride 

Electrolytes 

Sodium 
Potassium 
Calcium 
Ch lori de 
Lactate 

Sodium 
Potassium 
Calcium 
Chloride 
Lactate 

Sodium 
Chloride 

Sodium 
Chloride 

Sodium 
Chloride 

Quantity 
Supp 1 ied 

130 mEq/L 
4 mEq/L 
3 mEq/L 

109 mEq/L 
28 mEq/L 

130 mEq/L 
4 mEq/L 
3 mEq/L 

109 mEq/L 
28 mEq/L 

154 mEq/L 
154 mEq/L 

77 mEq/L 
77 mEq/L 

34 mEq/L 
34 mEq/L 
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Table 8. Mean Total Amount of Exogenous Potassium Chloride Replaced 
During the First Four Postoperative Hours (N=53). 

Millequ;valents Frequency 

0.00 - 4.99 5 
5.00 - 9.99 4 

10.0 -14.99 13 

15.0 -19.99 4 

20.9 -24.99 10 

25.0 -29.99 2 

30.0 -34.99 2 

35.0 -39.99 3 

40.0 -44.99 7 
45.0 -49.99 

50.0 -54.99 2 

Range 0.00-50.0 mEq 

Mean 21.09 mEq 

Standard Deviation 13.88 mEq 
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Statistical Analysis 

In order to address the two questions posed by this 

study, that is, what is the temporal pattern of serum and urinary 

sodium and potassium levels; and what factors, depicted in the 

theoretical model, would have the greatest effect on serum and 

urinary sodium and potassium levels, two types of statistical tech

niques were used. First, in order to answer the temporal pattern 

question a repeated measures design (MANOVA) was used to test for 

significant changes across time. Secondly a simple regression 

analysis was done to determine which variables had the greatest 

impact on serum and urinary sodium and potassium levels. A discus

sion of each of these techniques follows. 

Analysis of Temporal Pattern 

In order to address the problem of temporal pattern 

of serum and urinary sodium and potassium levels during the immediate 

four hour postoperative period a repeated measures design (MANOVA) 

was employed. Each variable in the theoretical model (Reduced Serum 

and Urinary Sodium and Potassium Model), with the exception of bypass 

time, was measured at hourly intervals for four consecutive hours. 

Each subject in the study served as his/her own control~ Bypass 

time was measured at only one interval because it represents a 

specified period of time (in minutes) that the patient was on the 

bypass machine. 
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Figures 4 through 10 depict the mean values for each of 

the variables in the Reduced Serum and Urinary Sodium and Potassium 

Model (p.74) across the four hour time span. Each of these figures 

will be discussed individually. 

Figure 4 shows that the highest arterial blood pH level 

occurred at TO and' then steadily decreased until T4 , at which time 
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it reached its lowest measured level. The range of values throughout 

this time period was 7.45 to 7.38 pH units. There were no signifi

cant differences across time (F=.68918; p=.636). 

Figure 5 depicts the total fluid infused over the 

four hour time period. The graph clearly shows that the total amount 

of prorated fluid was greatest at TO with a mean level of 959 mls 

infused and lowest at T4 with an average of 130 mls infused. It is 

interesting to note the huge decrement between TO and T1 and then the 

levelling out of the pattern. There were significant differences 

across time (F=105.88; p=.OOO). 

Figure 6 shows the total prorated fluid output over 

the four hour period. Unlike the fluid input the fluid output 

reached its greatest level at T2 with a mean of 225 mls excreted. 

The smallest output, with a mean of 126 mls was excreted at T1• 

Output was significant across time with an F=8.46 and p=.OOO noted. 

The serum sodium level depicted in Figure 7 showed very 

little change across time. Its levels aranged fr~m a mean of 141 

mEq/L at TO to a high of 143 mEq/L at T4• There were no significant 

temporal differences noted with serum sodium (F=l.ll; p=.364). 
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Figure 8 details the changes that occurred in mean serum 

potassium levels across time. The serum potassium level reached its 

apex at T4 with a mean level of 4.35 mEq. Its nadir occurred at T1 

when it reached a level of only 3.82 mEq. Serum Potassium was 

significant across time (F=15.92; p=.OOO). 

The urinary sodium levels shown in Figure 9 depict a 

progressive rise in levels from TO to T
3

, at which point the level 

began to decrease. The mean level at TO was 21.45 mEq, and steadily 

rose to 43.28 mEq at T
3

, and then decreased to 40.49 mEq at T4• 

This varying pattern was significant across time (F=6.09; p=.OOO). 

The urinary potassium level depicted in Figure 10 

showed an initial decrease from TO to T1, followed by a progressive 

rise in levels up to T4• The urinary potassium level was lowest at 

T1 with a mean value of 36.02 mEq, and reached its highest level at 

T4 with a value of 55.28 mEq obtained. Significant differences were 

evident across time (F=11.78; p=.OOO). 

Appendix B shows the significance levels for each of 

the variables in the Serum and Urinary Sodium and Potassium Model 

across time. It is interesting to note that timewasa statistically 

significant factor (p=.05) affecting all the variables except serum 

sodium and serum blood pH. A plausible explanation as to why time 

did not affect serum sodium can be seen in Figure 7. This figure 

depicts a relatively straight line with minimal change in sodi~m 

levels across time and a very small standard deviation. The fact 
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that arterial blood pH did not change significantly across time 

can undoubtedly be attributed to the small sample size (N=8). 

Analysis of Relationships Among Variables 

In an attempt to answer the question of which factors 

had the greatest impact on serum and urinary, sodium and potassium 

levels a regression analysis was performed. Prior to regression 

analysis a correlation matrix was generated (Table 9) to identify 

any multicollinearity among the staged variables in the full model. 

Multicollinearity defines a 1I ••• s ituation in which some or all of 

the independent variables are very highly correlated ll (Nie et ale 

1975; p.38). Extreme collinearity on the order of .70 or higher 

predisposes to confounding effects on the variables, and also pre

sents problems in the substantive interpretation of regression 

coefficients (Gordon 1968; Nie et al. 1975; Achen 1982). There 

was no multicollinearity among the independent variables in this 

study. 

Tables 10 through 14 depict the correlation matrices for 

both the average of all time periods (Table 9) and for each separate 

time period (Tables 10-14). 

Table 9, which represents the average of all time periods 

shows that there were eight pairs of variables that were statisti

cally significant at p.OS. The relationship of age to both fluid 

intake (r=.32) and fluid output (r=.32) indicated there was a . 
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Table 9. Correlation Matrix for All Variables in Full Model Averaged Across Time (N=53). 

AGE BYPASS BLOODPH FLUIDIN EXOGKCL FLUIDOUT SERUMNA SERUMK URINARYNA 

AGE 1.00 (N=53) 

BYPASS .04 1. 00 (N=52) 

BLOODPH -.57 -.09 1.00 (N=8) 

FLUIDIN .32;', .22 .04 1.00 (N=53) 

EXOGKCL -.10 -.15 .51 .13 1.00 (N=52) 

FLUIDOUT .32;', - . 11 -.29 .391, .04 1.00 (N=53) 

SERUMNA .01 .06 -.68 -.09 . 17 -. 19 1.00 (N=52) 

SERUMK -.16 . 19 -.04 -.19 .- .29;', -.20 .24 1.00 (N=52) 

URINARYNA .06 -.17 .781, .10 .291, .29;', -.05 -.05 1.00 (N=51) 

UR I NARYK -.24 -. 12 .43 -.20 .07 -.35;', .17 . 17 .19 (N=5l) 

*Level of significant (p = .05) 

UR I NARYK 

1.00 

0" 
(p 



Table 10. Correlation Matrix for All Variables at To (N=53). 

AGE BYPASS BLOODPHO FLUIDINA EXOGKCLA FLUIDOUTA SERUMNAO SERUMKO URINARYNAO URINARYKO 

AGE 1.00 (N=53) 

BYPASS .04 1.00 (N=52) 

BLOODPHO .02 -.21 1.00 (N=52) 

FLUIDINA .24 -.17 - . 11 1.00 (N=52) 

EXOGKCLA .02 .08 -.04 1.00 (N=52) 

FLU I DOUTA .25 -. 29~" . 1 1 .34 -.17 1.00 (N=52) 

SERUMNAO -.04 -.07 .00 - . 30~" .07 -.12 1.00 (N=52) 

SERUMKO .08 . 18 -.04 -.05 -.13 -.05 .03 1.00 (N=52) 

URINARYNAO .05 -.25 .25 -.02 -.12 • 28~< .07 -.23 1.00 (N=51) 

URINARYKO -.23 -.02 .02 -.04 -.08 -.26 .02 . 15 .13 1.00 (N=51) 

*Leve1 of significance (p .05) 

V' 
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Table 11. Correlation Matrix for All Variables at Tl (N=53). 

AGE BYPASS BLOODPHl FLUIDINB EXOGKCLB FLUIDOUTB SERUMAl SERUMKl URINARYNAl URINARYKl 

AGE 
1.00 

(N=53) 

BYPASS 
.04 1.00 

(N=52) 

BLOODPHl 
-.08 -.16 1.00 

(N=52) 

FLlIlDINB 
.02 .08 -.14 1.00 

(N=52) 

EXOGKCLB 
-.15 -. 32~" .04 .05 1.00 

(N=52) 

FLU I DOUTB 
.07 -.20 .13 .13 .10 1.00 

(N=52) 

SERUMNAl 
-.02 .01 .01 -.03 . 11 .06 1.00 

(N=53) 

SERUMKl 
-.05 .17 -.25 -.07 .02 -.25 .34", 1.00 

(N=53) 

URI NARYNA 1 
.01 -. 16 .38", • 12 .02 • 14 .03 -.24 1.00 

(N=S3) 

URINARYKl 
.00 -.09 -.05 -.16 . 33~·· -.23 -.20 • 29~·· -.02 1.00 

(N=53) 

*Level of significance (p .05) 
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Table 12. Correlation Matrix for All Variables at T2 (N=53). 

AGE BYPASS BLOODPH2 FLUIDINC EXOGKCLC FLUIDOUTC SERUMNA2 SERUMK2 URINARYNA2 URINARYK2 

AGE 1.00 (N=53) 

BYPASS .04 1.00 (N=52) 

BLOODPH2 
• 11 -.23 1.00 (N=43) 

FLUIDINC 
• 16 .07 -.10 1.00 (N=53) 

EXOGKCLC -.06 -.16 . 31 ~': .361: 1.00 (N=53) 

FLU I DOUTC 
· 17 -.00 .04 .21 .21 1.00 (N=53) 

SERUMNA2 
· 1 1 .14 -. 31 ~': . 28~': .02 -.16 1.00 (N=53) 

SERUMK2 -. 12 . 15 -.37": -.06 -.03 .10 . 37~': 1.00 (N=53) 

URINARYNA2 .10 -. 19 .26 -. 19 . 18 .12 -. 11 -.11 1. 00 (N=53) 

UR I NARYK2 .07 -.08 . 17 -. 16 -.04 -.42 .17 . 17 0.02 1.00 (N=53) 

*Level of significance (p .05) 
"'..J 



Table 13. Correlation Matrix for All Variables at T3 (N=S3). 

AGE BYPASS BLOODPH3 FLUIDIND EXOGKCLDFLUIDOUTD SERUMNA3 SERUMK3 URINARYNA3 URINARYK3 

AGE 1.00 (N=S3) 

BYPASS .04 1.00 (N=S2) 

BLOODPH3 -. 17 .17 1.00 (N=24) 

FLUIDIND -.04 .13 -.10 1.00 (N=S3) 

EXOGKCLD -.10 .00 -.27 -.02 1.00 (N=53) 

FLUIDOUTD .21 -.1 S -.22 -. 11 . 11 1.00 (N=S3) 

SERUMNA3 .23 .08 -.28 . 4 3"~ .OS .01 1.00 (N=S3) 

SERUMK3 
-.31~·~ . 16 -.27 . 11 .24 -.01 .23 1.00 (N=S3) 

URINARYNA3 .06 -.09 . 16 .09 . 14 .24 -.OS . IS 1.00 
(N=S3) 

URINARYK3 -.24 -.07 .41>'> -.02 .06 -.3S~·~ -.07 .01 . 11 1.00 
(N=S3) 

*Level of significance (p .OS) 

-.....J 
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Table 14. Correlation Matrix for All Variables at T4 (N=53). 

AGE BYPASS BLOODPH4 FLUIDINE EXOGKCLE FLUIDOUTE SERUMNA4 SERUMK4 URINARYNA4 URINARYK4 

AGE 1.00 (N=53) 

BYPASS .04 1.00 (N=52) 

BLOODPH4 -. 70~': .68 1.00 (N=8) 

FLUIDINE . 14 .07 .35 1.00 (N=53) 

EXOGKCLE .13 .06 .33 -.08 1.00 (N=53) 

FLUIDOUTE .10 .07 -.68 .45'" -.02 1.00 (N=53) 

SERUMNA4 -.04 .05 -.25 .06 .15 .30", 1.00 (N=53) 

SERUMK4 -.22 .10 .30 -.17 -.07 -.12 .36,', 1.00 (N=53) 

URINARYNA4 .05 -.02 -.07 .09 .05 . 34~" -.02 -.02 1.00 (N=53) 

UR I NARYK4 - . 39~" -. 14 .23 -. 15 -.08 - . 30", -.1"5 .05 . 12 1.00 (N=53) 

*Level of signficance (p = .05) 

" w 



relationship between the variables. A stronger relationship 

(r=.79) is noted, however, between urinary sodium and blood pH. 

Fluid intake is depicted as having a positive relationship with 

fluid output (r=.39). Weaker relationships existed between exogenous 

KCI and serum potassium (r=-.29) and urinary sodium (r=.29). It is 

interesting to note the direction of the relationship between these 

variables. Urinary sodium also evinced a relatively weak (r=.29) 

relationship with fluid output. Urinary potassium, on the other 

hand, showed a (r=-.35) relationship with fluid output though it 

was in a direction opposite to that predicted by the model. 

A comparison of Table 9 (the ~ull ~edelaveraged across 

time) with each of the time period matrices (Tables 10-14) revealed 

that only two sets of variables were significantly related at more 

than one time interval. These variables were: fluid output with 

urinary sodium at TO and T4 , and fluid output with urinary potassium 

at T3 and T4• In the former case the relationships were positive, 

and in the latter negative. 

After the analysis of the correlation coefficients, 

age was dropped as a variable because it did not affect any of the 

variables in a way other than would normally be predicted (Schrier 

1980; Schultze and Nissenson 1980). Figure 11 therefore is labelled 

the Reduced Model. 

Regression analysis was conducted to test the impact 

of the staged variables across time. The Reduced Model that was 
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STAGE I STAGE II STAGE III STAGE IV 

X6 

+ 

X ~SERUM 

I / -

BYPASS TIME + X3 ./' X ~ > FLUID INTAKE Xs +/ ~ SER~M 

X
2 

BLOOD 
SERUM pH SODIUM 

POTASSIUM 

+ ~ ) . FLUID OUTPUT~ 
Xq 

Xa 
. '" ' URINARY SODIUM 

EXOGENOUS KCL 
REPLACED + - X 

9 
--) UR I NARY POTASS I UM 

Figure 11. Reduced Serum and Urinary Sodium and Potassium Model. 
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generated is shown in Figure 11. Separate regression equations were 

run at TO to T4 for each stage of the model. Table 15 depicts the 

regression equations together with their standardized regression 

coefficients and R2!s. In analyzing the model, a significance level 

of p=.05 was the accepted criterion for both the regression coeffi-

2 cients and the adjusted R squares (R ). 

The results of the analysis indicated that at oniy 

two stages (I I I and IV) were there any significant effects of the 

independent variables on the dependent variables. As can be seen 

in Table 15, at stage I I I, fluid intake (X
3

) had a moderate signifi

cant effect (S=.45) on fluid output (X
5
). The Beta value (.45) of 

fluid intake (X
3

) indicated that it contributed more significantly 

to the variance in fluid output (X
5

) than did the other independent 

variables. 

A similiar event evolved in stage IV. In this 

situation, fluid output (X
5

) had a moderate significant effect 

(6=-.47) on urinary potassium (X9). 

The other independent variables in the staged model did 

not have a significant effect on the dependent variables. 

Once the theoretical model was tested, attention was 

focused on the empirical model. Since stages I I I and IV in the 

theoretical model were the only stages at which there were any 

significant effects of the independent variables on the depend~nt 

variables, these same stages were used as the dependent variables to 
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Table 15. Comparison of Standard Regression Coefficients and R2 ,s with Variables at Each Stage 
in the Reduced Model. 

STAGE VARIABLES STANDARD REGRESSION COEFFICIENTS 
R2 Dependent Independent Betas Significance Level 

II X2 Xl .23 .10 .036 
(N=52) 

X3 Xl .04 .79 -.019 
(p = .792) 

X4 Xl -.15 .31 .001 
(p = .309) 

III X5 xl -.20 .13 .211 
(N=51) (p = .005) 

X2 .15 .27 

X3 .45 .001 

X4 .07 .59 

IV X6 Xl .05 .73 -.070 
(N=50) 

X2 
(p = .881) 

.06 .72 

X3 .09 .58 

X4 . 15 .33 

x5 -.09 .62 
":R2, s (p = .05) KEY: x~ = Bypass Time X~ = Fluid Intake X~ Fluid Output X~ = Serum Potassium 

X9 = Blood pH X = Exogenous KCl X = Serum Sodium X = Urinary Sodium 
X = Urinary Potassium 

-...,J 
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Table lS--Continued 

STAGE VARIABLES STANDARD REGRESSION COEFFICIENTS 
R2 Dependent Independent Betas Significance Level 

IV X7 Xl .18 .23 .07 
(N=Sl ) 

X2 
(p = .124) 

-.10 .49 

X3 -.19 .22 

X4 -.24 .09 

xS -.04 .81 

X8 Xl -.11 .47 .10 

X2 
(p = .086) 

.07 .61 

X3 -.01 .93 

X4 .30 .04 

xS .22 .17 

X9 Xl -.19 . 19 . 13 

X2 
(p = .OS) 

.04 .76 

X3 .03 .83 

X4 .09 .49 

xS -.47 .004 -....J 
ex:> 
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generate the empirical model. All variables in stages I and II 

were used as independent variables except blood pH which was excluded 

because of the small sample size (n~8). 

For reasons of economy, the dependent variables at 

stages I II and IV were considered only at T4. However, the indepen

dent variables were considered across all time periods in order to 

detect any impact that might be attributed to this temporal effect. 

-, --~he author acknowledges the fact that the use of all time periods 

for the independent variables could have resulted in a decreased 

stability of the coefficients because of the low number of cases 

per variable. But because the empirical model served only as an 

estimate of the impact of the independent variables on the dependent 

variables this use of the temporal effect was not thought to be 

detrimental to the analysis. In order to predict which independent 

variables had the greatest impact on the dependent variables a 

stepwise regression precedure was performed. A significance level 

of p~.05 was the selected criterion for R2. Appendix C depicts the 

regression equations used to generate the Empirical Model. Table 

16 displays the significant variables entered into the equations 

via the stepwise regression procedure. 

Analysis of the regression equations was done at 

stages I I I and IV. Each of these stages will be discussed separately. 



Table 16. Comparison of Standard Regression Coefficients and R2 ,s with Variables in Empirical Model. 

STAGE VARIABLES STANDARD REGRESSION COEFFICIENTS R2, .• 
Dependent Independent Betas Significance Level 

III X5 (T 4) X3 (T
4

) .32 .014 . 180 
(N=51) (p = .001) 

X3 (T
O

) .31 .015 

X 
3 (T 3) 

.26 .038 

IV X6 (T
4

) 
X3(T 3) (N=50) .35 .00S . 192 

(p = .002) 
X4 (T

4
) .32 .015 

X7(T
4

) X3(To) -.40 .003 . 119 
(p = .00S) 

X4 (T 3) .29 .030 

XS(T
4

) X5 (T
4

) .34 .016 .094 
(p = .016) 

X9 (T
4

) XS(T
4

) -.30 .030 .073 
(p = .030) 

*Significance level for RZ1 s (p = .05) Q) 

0 
X3 = Fluid Intake X5 = Fluid Output X

7 
= Serum Potassium X9 = Urinary Potassium T3 = T!me 3 

X4 = Exogenous KCl X6 = Serum Sodium Xs = Urinary Sodium TO = Time zero T4 = Time 4 



Stage II I 

There was only one dependent variable at stage I I I, 

namely, fluid output (Xs). 

Fluid Output (X
5

) 

As depicted in Table 16 only one of the three 

variables regressed on fluid output (Xs) had a significant effect. 

This variable was fluid intake (X
3
). Fluid intake (X

3
) at T4 had 

the most significant effect (8=.316), followed by fluid intake at 

TO (8=.307), and finally fluid intake at T3 (8=.258). 

this equation was .31. 

Stage IV 

2 The R for 

Stage IV had four dependent variables that were used 

in the regression equations to generate the empirical model, specifi-

cally: serum sodium (X6), serum potassium (X
7
), urinary sodium 

(X8), and urinary potassium (X
9
). The results from each of these 

equations will be discussed separately. 

Serum Sodium (X6) 

As evidenced in Table 16 both fluid intake (X
3

) at T
3

, 

and exogenous KCl (X4) at T3 had a significant effect on serum 

sodium (X6). The Betas for these two variables were .350 and .321 

respectively. The R2 for this equation was .19. 
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Serum Potassium (X
7

) 

Only fluid intake (X
3

) at TO' and exogenous KCI (X4) 

at T3 had a significant effect on serum potassium (X
7
). Fluid 

intake had a 6=.398, and exogenous KCI evidenced a 6=.287 and the 

R2 for this equation was equal to .18. 

Urinary Sodium (X8) 

The only independent variable with a significant effect 

on urinary sodium (X8) was fluid output (X
5

) at T4 , (6=.334; and 

2 R =.09). 

Urinary Potassium (X
9

) 

The final equation in the empirical model depicted a 

significant effect of fluid output (Xs) at T4 on urinary potassium 

(X
9
). The Beta in this equation was equal to -.304. It is inter

esting to note that this was the only regression equation that 

depicted a negative relationship. The R2 for this equation was .07. 

Summary 

This chapter has described the demographic character-

istics of sample, as well as a statistical analysis of the data. 

The data have shown that the variables depicted in the Reduced Model 

had a significant effect across time, with two exceptions noted: 

blood pH, and serum sodium. Furthermore, this chapter has con-

sidered which independent variables in Stages I, II, and I I I had a 

significant effect on the dependent variables in Stages II I and IV. 

Discussion of these findings will be done in Chapter 5. 
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CHAPTER 5 

CONCLUSIONS AND IMPLICATIONS 

This chapter will discuss the conclusions drawn from 

the data presented in chapter 4. This discussion will include: 

demographics of the sample, the temporal pattern changes, cor-

relational findings, the factors effect, the theoretical model and 

finally the empirical model. The chapter ends with implications 

for nursing, and suggestions for future studies. 

Conclusions 

Description of the Sample 

The subjects for this study Were chosen as a purposive 
~ 

convenience sample. As was anticipated more men than women com-

prised the sample. More than 80% of the sample were men. This is 

not surprising since men are at a greater risk for having a cardio-

vascular event than women (American Heart Association 1980). 

Data from the Framingham Study (Kannel, McGee and Gordon 

1976) further suggest that as men age there is an increased incid-

ence of coronary artery disease. This same type of relationship 

however, is not extant in females. Thus, the fact that the sample 

was biased for men in their advanced years (50-60 years old) is 

consistent with the data gleaned from the Framingham Study. 
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The biased sample was not a major concern in this 

study. The study was designed to describe changes in fluid volume 

and electrolyte concentration across time, as well as to 

delineate those variables which had the greatest impact on serum 

and urinary, sodium and potassium levels. Gender was not analyzed 

as a variable since the physiologic variables of interest in this 

study were assumed not to be gender specific. 

Total Fluid Exchange 

In this study it had been theorized that fluid intake 

would have a reciprocal relationship to fluid output, that is, the 

more the fluid intake the less would be the fluid output. This 

relationship was derived from the work of other investigators 

(Moran and Zimmerman 1967; Abe et al. 1977; Wareham, Johnson and 

Deliganis 1979) who found that the trauma of surgery induced 

temporary shifts of fluid from the intravascular spaces to the 

intercellular spaces, presumably due to the hormonal effects of 

84 

the mineralcorticoids, catecholamines and antidiuretic hormone (ADH). 

In order to estimate the magnitude of this parameter, a variable 

called total fluid exchange was created. Total fluid exchange, 

defined as the total amount of fluid infused minus the total sensible 

fluid output (from chest tube and urinary drainage) over four hours 

for the subjects in this sample averaged 2,471 milliliters, or 

approximately a 2.47 Kilogram weight gain. This finding which-is 
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comparable to the work of other investigators (Hayes and Goldenberg 

1963; Lowe et al. 1972) supports that an antidiuretic response occurs 

during the postoperative period to cause fluid retention. 

Temporal Pattern Changes 

A description of changes in the selected variables 

across time was done. Tests of significant changes in the variables 

across the four time periods was done using a repeated measures 

design. The variables that were described included: blood pH, 

fluid intake, exogenous KC1, fluid output, serum sodium and 

potassium, and urinary sodium and potassium. Each of these 

variables will be discussed separately. 

Blood pH 

It had been hypothesized that blood pH would show 

a pattern consistent with respiratory alkalosis (pH> 7.45) across 

the four hour postoperative period. In par~, this assumption had 

been made on the work of previous investigators (Dieter and 

Neville 1970; Sanchez and Finlayson 1978). They identified 

mechanical ventilation as a cause of hyperventilation and its 

concomitant respiratory alkalosis. In this study blood pH remained 

relatively constant over time and no significant differences were 

detected between each of the four hour time periods. The arterial 

blood pH remained within the normal range of 7.35 to 7.45. A prob

able explanation for this finding was that the sample size was so 



small (N=8) and the standard deviation so narrow (0.038) that no 

changes were detected. 

Fluid Intake 

The pattern of fluid intake in this sample of subjects 

was as predicted. Large amounts of fluid were given during bypass, 

and then were decreased once the patients came off bypass. This 

helps to explain the large difference in infused fluid between 

TO and T1· Rudy, Heymann and Edmunds (1973} demonstrated (in 

rhesus monkeys) that during bypass there was a significant increase 

in blood flow to the gastrointestinal tract. For reasons not under

stood, nonpulsatile flow, as generated during bypass, alters normal 

circulation. This same type of response is occurring in humans. 

Roe (1973) suggests 1I ••• that the nonpulsatile flow evokes a vasodi

latory response to account for the sequestration of blood in this 

area ll (p.300). Berger, Boyd and Marcus (1964) have estimated that 

an average adult patient will gain at least a liter of fluid during 

a one hour bypass. The average bypass time in this study wa? 79 

minutes, with a fluid retention of 2.47 liters calculated across 

the four hour time period. This amount of fluid intake showed 

significant differences across the four hour time period. 

Exogenous KCl 

The total amount of exogenous potassium chloride 

(KC1) given across time was also significant. The least amount 
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of KCI was given at TO (X=O.05 mEq) and the most (X=8.31 mEq) at 

T3· This replacement pattern correlates well with the findings of 

MandaI et al. (1969) who found that serum potassium levels were 

often normal throughout bypass, but declined 3-5 hours post bypass. 

However, other investigators (Marcial et al. 1969; Abe et al. 1977) 

suggest just the opposite. In this study subjects were replaced 

with a bolus quantity of KCI based on thei·r initial blood draw at 

T1 , and then every four hours thereafter. A factor contributing 

to the pattern seen in this study might be attributed to the time 

difference between the initial blood draw at T1 , and the next blood 

draw at T5 which was beyond the time limit set for this study. 

Fluid Output 

The pattern of sensible hourly fluid output peaked between 
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T1 and T2 with a mean of 225 mls excreted and hit its trough between TO 

andT
1 

with 126 mls excreted. Significant differences across time 

were noted. Fluid output fell from TO to T1 , rose from T1 to T2 , 

and then fell again from T2 through T4. The decline in fluid 

output after T2 is probably related to the secretion of anti-

diuretic hormone (ADH) secondary to the stress of surgery and bypass. 

Moran and Zimmerman (1967) in a study of seven dogs found that 

reduction in atrial volume (as one might see in a patient on bypass) 

produced a rebound secretion of ADH, which decreased urinary output. 

In studies on general surgical patients this same team found that 

ADH levels peaked 6-12 hours after surgery, and returned to normal 

by the fifth postoperative day. 



Serum Sodium 

Serum sodium levels did not change significantly from 

time to time in this sample. A contributing factor may have been 

that a balance between intake and output of this electrolyte was 

maintained through infusion of the ion via the intravenous fluids. 

This ~ould account for the fac~ that the steady state equilibrium 

was maintained. Storstein, Nitter-Hauge and Fjeld (1979) found 
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that serum sodium levels remained within the normal range for patients 

who underwent cardiopulmonary bypass. The data in this study 

support these findings. 

Serum Potassium 

Several investigators (Vasko, DeWall and Riley 1973; 

Abe et al. 1977; Marcial et al. 1969) have found significant differ-

ences in serum potassium levels over varying time periods. This 

study also found that serum potassium levels fluctuated significantly 

from hour to hour for the first four hours after surgery. Dieter and 

N~ville (1969) identified hemodilution perfusion, respiratory alkalosis 

and steady postoperative secretion of potassium into urine as the 

most likely causes of changing serum potassium patterns. In this 

study serum potassium was lowest at T1 (X=3.82 mEq) and highest at 

T4 {i=4.35 mEq). The fact that the serum potassium level rose from 

T, to T4 could be attributed to a redistribution of the ion 

from the intracellular fluid (ICF) to the extracellular fluid (ECF). 



Urinary Sodium 

and 

Urinary sodium levels gradually rose from TO to T3 

then' began to level off between T3 and T4. The fact that serum 

sodium levels remained constant might be due to the renal excretion 

of sodium in an attempt to maintain this steady state. Urinary 

sodium levels were significantly different across time. 

Urinary Potassium 

The pattern of urinary potassium across time was also 

significant. Urinary potassium levels dropped between TO and T1 

and then rose steadily from T1 to T4. This pattern parallels that 

of serum potassium, and could be viewed as a compensatory mechanism 

to prevent the serum potassium concentration from reaching hyper-

kalemic states. This same type of pattern can be seen in the work 

of other investigators (Mandal et al. 1969; Yokoyama et al. 1971). 

Correlational Findings 

Prior to testing which variables had the most significant 
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effect on the dependent variables the relationships among the variables 

were examined. The significant relationships in each of the cor-

relational matrices across all time periods will be discussed. 

Averaged Correlational Coefficients for 
All Variables Across Time 

In the mean correlation matrix for all variables the 

relationship between age and fluid intake and fluid output was 
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statistically significant (r=.32). This relationship is as would be 

predicted. Both Schrier (1980) and Schultze and Nissenson (1980) note 

that fluid intake and fluid output vary directly with age. Older 

people have less body water in comparison to younger people. This is 

due to the fact that water and electrolytes are primarily stored in 

muscle mass, and that as one ages this mass decreases, thereby 

decreasing the amount of water stored, and, indirectly, the amount 

of water excreted. 

The relationship between urinary sodium and blood pH 

was a strong one (r=.79). Physiologically it is possible that this 

relationship between urinary sodium and blood pH might be the result 

of metabolic alkalosis secondary to mineralcorticoid excess (Schrier 

1980) . 

The relationship between fluid intake and fluid output 

was statistically significant (r=.39; p=.OS). The relationship was 

a positive one indicating that across the four hour time period that 

as fluid intake increased so did fluid output. 

The relationship between exogenous KCI and serum 

potassium and serum sodium and urinary sodium is an interesting one. 

The negative relationship between exogenous KCI and serum Potassium 

(r=-.29) could be the result of the shifting of potassium from the 

extracellular fluid (ECF) to the intracellular fluid (ICF). 

The positive relationship between urinary sodium and 

exogenous KCl suggests that sodium excretion may be coupled to 

potassium absorption, either as a cation exchange or a carrier 

mediated process. 



Fluid output was positively correlated with urinary 

sodium (r=.29), and negatively correlated with urinary potassium 

(r=-.35). This latter relationship was not in the direction pre

dicted but is readily explained by the redistribution hypothesis. 

This hypothesis states that if renal excretion of potassium is 

inadequate, the intracellular compartment can take up potassium and 

thereby prevent an increased plasma potassium concentration 

(Vick 1981). 

Correlation Coefficients at TO 

At TO fluid output was significantly correlated with 

bypass time (r=-.29) and urinary sodium (r=.28). The longer the 

bypass time the less the fluid output is consistent with Berger 

et a1. (1964) who determined that at least a liter of fluid was 

retained during an hour long bypass. 

The positive correlation between fluid output and 

urinary sodium merely supports the concept that the kidneys are the 

primary regulators of sodium homeostasis (Schrier '980). 

Correlation Coefficients at T, 

The only significant relationships at T1 , that have 

not been discussed previously are: serum sodium and serum potassium 

(r=.34), urinary potassium and urinary sodium (r=.29) and exogenous 

KCI and bypass time (r=-.32). 

The positive relationships between serum sodium and 

serum potassium, and urinary sodium and urinary potassium while 
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statistically significant followed a predictable pattern. Since 

they were the dependent variables the relationships between them 

contributed nothing to answering the questions posed by the study. 

The negative correlation between bypass and exogenous 

KCl was not in the predicted direction. It was hypothesized that 

the longer the subjects were on bypass the more exogenous KCl 
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they would receive, but this did not hold true. The fact that the 

subjects may have received KCl while on bypass, that was not accounted 

for, may have contributed to this relationship. 

Correlation Coefficients at T2 

Blood pH was correlated to exogenous KCl (r=.31), serum 

sodium (r=-.31) and serum potassium (r=-.37). 

The correlational relationship between blood pH and 

exogenous KCl was probably an indirect result of the relationship 

between blood pH and serum potassium. In theory, as blood pH 

increases, potassium moves into the cell in exchange for hydrogen 

ions to be used as a buffer in the ECF. As serum potassium levels 

decrease, more exogenous KCl should be given in order to raise the 

ECF potassium concentration. 

The relationship between blood pH and serum sodium was 

not in the direction predicted. It is feasible that as hydrogen 

ions shifted into the ECF, that sodium ions were excreted in an 

attempt to maintain electrical neutrality in the ECF. 



Correlation Coefficients at T3 

The relationship between serum potassium and age 

(r=-.31) supports the thesis that older people have less muscle 

mass, and thus a decrease in body electrolytes (Lye 1982). 

Urinary potassium and blood pH were correlated at r=.41. 

The fact that blood pH and urinary potassium were correlated at T3 

may have been related to the fact tnat T3 was the time at which 

subjects received the greatest amount of exogenous KC1, and it 

was also the time at which equilibration began. Thus since 

potassium was being shifted from the ICF to the ECF in addition to 

being replaced exogenously the excess was excreted. 

The amount of sodium in the intravenous fluids could 

account for the correlational relationship between fluid output and 

serum sodium (r=.43). The relationship between fluid output and 

serum potassium has been discussed previously. 

Correlation Coefficients at T4 

Age was noted to correlate with both blood pH (r=-.70) 
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and urinary potassium (r=-.39). The reason for the former correlation 

is not clearly understood. The latter relationship may have been 

due to the decreased potassium stores due to atrophy associated with 

age (Schrier 1980). 

The relationship of fluid output with urinary sodium, 

and urinary potassium and serum sodium and serum potassium has 'been 



discussed previously. However, th~ positive relationship of 

fluid output with serum sodium (r=.30) may have resulted from the 

residual actions of circulating mineralcorticoids, especially 

aldosterone. 

Comparison of Averaged Correlation 
Coefficients with Time Interval Coefficients 

A comparison of the averaged correlation coefficients with 

each of the time period coefficients revealed that only a few 

variables had significant correlational relationships that held. 

These relationships were: 1) fluid output with fluid intake (T4); 

2) urinary sodium with both blood pH (T 1) and fluid output (T4); 

and finally, 3) urinary potassium with fluid output (T
3 

and T4). 

No other correlational relationships held across time. 

Effects of Physiological Factors of Serum and 
Urinary, Sodium and Potassium Levels 

A Theoretical model was constructed to identify and test 

which factors had the greatest effect on the dependent variables. 

In addition to a theoretical model an empirical model was used to 

test the relationships among the variables. It is interesting to 

note that those variables which were successfully predicted in the 

theoretical model held in the empirical model even when broken out 

by time period. 

The Reduced Theoretical Model 

In the reduced theoretical model fluid intake (X
3

) 

had a moderate significant effect on fluid output (Xs) (S=.4S). 
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Though the relationship had been postulated to be negative, it 

was instead positive. During the initial construction of the model 

it was theorized that, because subjects evince a physiological 

"stress response" during surgery with its concomitant release of 

mineralcorticoids, fluid intake would exceed fluid output. And 

while empirical evidence (recall that the subjects gained an 

average of 2.47 liters in fluid weight) supported this thesis, 

statistical evidence did not. 

Another factor which caused the investigator to 

postulate this relationship was the early work on the effect of 

cardiopulmonary bypass on blood volume (Berger et ale 1964; Litwak 

et ale 1963; Rudy et ale 1973). These investigators showed that 

the nonpulsatile flow of the bypass machines caused sequestration 

of blood in various body organs. 

A variable that proved to be related to urinary 

potassium was fluid output (S=-.47). The relationship proved to be 

negative, although it was originally postulated as being positive. 

However, because serum potassium might be temporarily redistributed 

into the leF that would leave less potassium for excretion in the 

urine. Patrick and Sivapragasm (1976) stated that this relationship 

was time limited, and that afterfourtofivehours there is a direct 

relationship between urinary potassium excretion and urine output. 
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Empirical Model 

The empirical model that was generated from the 

theoretical model used the dependent variables at T4 , while checking 

the impact of the independent variables across all time periods. 

In general it is interesting to note that fluid intake 

(X
3
) was the most consistent factor related to the dependent vari

ables. It related significantly to fluid output (Xs)' serum sodium 

(X6) and serum potassium (X
7
). Both exogenous KCl (X 4) and fluid 

output (Xs) had significant effects of equal strength on the 

dependent variables. Exogenous KCl (X4) had significant effects on 

both serum sodium (X6) and serum potassium (X
7
). Fluid output 

(X
S
), on the other hand, was a reliable index of urinary sodium 

(X8) and urinary potassium (X
9
). None of the other independent 

variables had any impact on the dependent variables. 

Fluid intake (X
3

) at TO' T3 and T4 helped to explain 

18% of the variance in fluid output, with a significance level of 

p=.001. 

The combined effects of fluid intake (X
3

) at T3 and 

exogenous KCl (X 4) at T4 explained 19.2% of the variance in serum 

sodium (X6). The significance level was p=.002. These same two 

variables at TO and T3 respectively explained 11.9% of the variance 

in serum potassium (X
7

) at a significance level of p=.008. 

Fluid output (X
S
) at T4 explained 9.4% of the variance 

in urinary sodium (p=.016); and 7.3% of the variance in urinary 

potassium (X
9

) p=.030. 
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In summary, the data in this study have shown that 

the best predictors of serum and urinary electrolyte changes were 

the variables fluid intake and fluid output. Both of these latter 

variables are affected by hormonal influences. The work of pre

vious investigators (Knochel 1977; Halter, Pflug and Porte 1977; 

Halter and Pflug 1980) identified the adrenocortical hormones as 

the primary hormones activated by the stress of surgery. Though 

this study did not directly identify those hormones as causative 

factors, indirectly, by the changes noted in fluid and electrolyte 

balance, it suggests that hormonal changes may be a major influence 

on the changes in these variables. 

Implications for Nursing 

The results of this study offer some general implications 

for the practice of nursing. 

Clinicians need scientifically generated data which 
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correlate physiologically with specific outcomes. The present study 

has attempted to identify those variables which impact on fluid and 

electrolyte balance. By integrating the data from this study into 

their ongoing assessments nurses should be able to predict changes 

in patient status. 

Nurses are in a position to monitor the temporal impli

cations of physiological changes. This study has shown that time 

has the most significant effect on the variables in the model •. By 

graphing changes in physiological parameters e.g. electrolyte 



levels, pressure changes, heart rate, fluid output etc., nurses 

will have a quick reference for identifying fluctuating patterns 

and thus be able to intervene before critical side effects occur. 

Recommendations for Further Study 

The data from this study suggest that there are at 
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least two areas that need refinement in future studies, specifically: 

1) measurement of hormonal influences on fluid and electrolyte levels; 

and 2) standardization of leads in order to identify hypokalemic 

induced changes in the electrocardiograph. Each of these suggested 

changes will be discussed briefly. 

The effect of hormonal changes on fluid and electrolyte 

balance has been a recurrent theme throughout this study. Others 

(Halter et al. 1977; Newsome and Rose 1971; Halter and Pflug 1980) 

have identified that adrenocortrophic hormones have the greatest 

effect on fluid and electrolyte balance in postoperative patients 

under stress. Future studies should be directed at trying to 

determine the significance of the effects of these hormones on 

patients who undergo open heart surgery. 

Concomitant with the hormonal assays, osmolality 

should also be measured. Lowe et al. (1972) used both serum and 

urine osmolality as a clinical guide for assessing renal function. 

The identification and/or use of these parameters will 

allow clinicians to be more precise in their management of the 

complex fluid and electrolyte changes that occur in the critically 

ill patient. 
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Another clinical assessment criterion for hypokalemia 

should involve the use of electrocardiograms. Future studies should 

concentrate on standardizing both precordial and/or limb leads so 

that the electrocardiogram could be used as a predictor of hypo

kalemic states. BothSurawicz (1957) and Johansson and Larsson (1982) 

discovered that the use of limb lead I I and precordial lead V3 was 

a reliable predictor of hypokalemic changes. 

Summary 

This chapter has presented an interpretation of the 

data of the study in light of the physiological framework. It has 

also delimited some of the implications for nursing practice as well 

as recommendations for future studies. 
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"FACTORS AFFECTING SERUM AND URINARY POTASSIUM LEVELS 
I N PAT I ENTS WHO UIWERGO OPEN HEART SURGERY" 
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You are being asked to voluntarily participate in a project entitled, 
"Factors Affecting Serum and Urinary Potassium Levels in Patients Who 
Undergo Open Heart Surgery.1I The purpose of this study is to measure 
serum and urinary potassium levels during the first four hours after 
surgery to determine the pattern of potassium levels. Potassium is an 
element that is normally found in the blood and urine. After open 
heart surgery, potassium levels are known to fluctuate. The exact 
pattern of change after surgery is not known. 

The major goal of this project is to identify the fluctuation of serum 
and urinary potassium in the immediate four hour period after surgery. 
This will help us to determine how often potassium needs to be replaced 
in order to maintain in the blood for patients who have open heart 
surgery. If you agree to volunteer to be a subject in this study five 
samples of blood will be collected from a small, sterile plastic tube 
which goes into an artery and is called an arterial line (which the 
anesthesiologist will have started in the operating room prior to 
surgery). The first sample will be taken as the surgeon is suturing 
you~ chest incision. Samples 2, 3, 4, and 5 will be taken every hour 
thereafter for four consecutive hours. The amount of blood taken for 
each sample will be 5 ml (or 1/3rd of a tablespoon). The total amount 
of blood that will be collected over the four hour period will be 25 nl 
(or 1 and 2/3rd ' s tablespoons). In addition to the blood samples I 
will obtain information from your chart which states the length of 
time your were on the heart lung machine, how much fluid ybU received 
into your veins both during and for the first four hours follm<Jing 
your surgery, how much potassium chloride (a drug) replacement you 
received, and how much fluid output you had in terms of urine, drainage 
from chest tubes, and any other source. I \-Jill also collect a six 
second tracing of your heart beat (called an electrocardiogram or EKG 
strip). I will weigh you on the morning of surgery. A sling type 
scale will be used to weigh you after surgery. This weighing is 
important because it will help me determine how much fluid your body 
will be retaining after surgery. I will collect 15 ml (or 1 table
spoon) of urine from a collecting device (called a foley catheter) that 
will be inserted into your bladder prior to surgery. The total amount 
of urine that will be collected during the four hour period will be 
75 ml (or 5 tablespoons). I will analyze the blood and urine samples 
for sodium, another element normally found in the blood and urine. 

There will be no direct benefits to you from this study, the informa
tion obtained from your participation might aide future patients under
going open heart surgery if a more accurate method of potassium 
replacement is found in terms of both the amount and frequency with 
which potassium chloride (a drug) must be replaced. 
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To protect you and the confidentiality of the information gathered, 
all forms will be coded to maintain anonymity. Your name will be 
known only to the primary investigator doing the study. After the 
data has been analyzed the results may be submitted for publication 
and may also be maintained for use in future studies. Again, your 
anonymity will be maintained. 

There are minimal physical risks associated with this study. There 
is a very small possibil ity of air entering the artery during the 
drawing of the blood. The drawing of arterial blood samples is a 
procedure done by all nurses in the intensive care unit. Furthermore, 
during the course of this study you will be constantly monitored by 
nursing and medical personnel. There is no cost to you for partici
pation in this study, nor is there any remuneration due you for your 
participation in this study. You are free to ask and to receive 
answers to your questions at any time. You are also free to refuse 
to participate in this study, or if you do agree to participate you 
may withdraw from this study at any time without ill will or risk to 
the nursing or medical care you receive. A copy of this consent form 
is available to you if you so request. 

Kenneth P. Miller, R.N., M.S. 
Principle Investigator 

I have read and understand the above consent form. I agree to partici
pate in the study, real izing that my participation is voluntary and 
that I may refuse to participate or withdraw at any time without 
affecting my nursing or medical care. 

I further understand that in the event of physical injury resulting 
from the research procedures, financial compensation for wages, time 
lost, and the costs of medical care and hospitalization is not 
available. 

Finally, I understand that this consent form will be filed in an area 
designated by the Human Subject's Committee with access restricted 
to the investigator and/or authorized representatives of the particular 
department. . 

Subject's Signature Date 

Witness Signature Date 
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Table B-1. Test of Significance for Variables Across Time in Theoretical Model. 

VARIABLE APPROX I ~1ATE HYPOTHESIZED ERROR 
F DF DF 

Blood pH (X 2) 0.68918 4.0 4.0 

Fluid Intake (X
3

) 105.88301 4.0 48.0 

Exogenous KC 1 (X4) 28.82424 4.0 48.0 

Fluid Output (X
5

) 8.46232 4.0 48.0 

Serum Sodium (X6) 1. 10649 4.0 48.0 

Serum Potassium (X
7

) 15.91507 4.0 48.0 

Urinary Sodium (X8) 6.09055 4.0 47.0 

Urinary Potassium (X
9

) 11.78026 [1.0 47.0 

SIGNIFICANCE 
OF F 

0.636 

0.000 

0.000 

0.000 

0.364 

0.000 

0.000 

0.000 

o 
.s:-
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Table C-l. Regression Equations Used to Generate Empirical Model. 

I.) xS(T ) = a + blX 1 + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b4X4(T ) + b4X4(T ) 
4012401 

+ b4X4(T ) + b4X4(T ) + b4X4(T ) + E 
234 

2.) X6(T ) = a + blX 1 + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b4X4(T ) ~ b4X4(T ) 
401 234 0 1 

+ b4X4(T ) + b4X4(T ) + b4X4(T ) + bSXS(T ) + bSXS(T ) + bSXS(T ) + bSXS(T ) 
2 340 1 2 3 

+ bSXS(T ) + E 
4 

3.) X7(T ) -a + blX 1 + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b4X, (T ) + b4X4(T ) 
401 2 3 4 '0 1 

+ b4X4(T ) + b4X4(T ) + b'X4(T ) + b5X5(T ) + b5X5(T ) + b5X5(T ) + b5X5(T ) 
2 3 '40 1 2 3 

+ b5X5(T ) + E 
4 

4.) XS(T ) = a + blX 1 + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b3X3(T ) + b4X4(T ) + b4X4(T ) 
401 234 0 1 

+ b4X4(T ) + b4X4(T ) + b4X4(T ) + b5X5(T ) + b5X5(T ) + b5X5(T ) + b5X5(T ) 
2340123 

+ b5X5(T ) + E 
4 

o 
0'\ 



Table C-I--Continued 

s.) X9 (T ) = ~ + blX I + b3X3(T ) + b3X3 (T ) + b3X3(T ) + b3X3 (T ) + b3X3(T ) + b4X4 (T ) + b4X4(T ) 
401 2 340 I 

+ b4X4(T ) + b4X4(T ) + b4X4 (T ) + bSXS(T ) + bSXS(T ) + bSXS(T ) + bSXS(T ) 
2340123 

+ bSXS(T
4
) 

XI = Bypass Time 

X3 = Fluid Intake 

+ E 

X4 = Exogenous KCI Replaced 

TO = Time period zero 

TI = Time period one 

T2 = Time period two 

Xs = Fluid Output 

X6 = Serum Sodium 

X
7 

= Serum Potassium 

T3 = Time period three 

T4 = Time period four 

Xa Urinary Sodium 

X9 Urinary Potassium 

o 

" 
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