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a b s t r a c t

This study was conducted to determine through laboratory and 

clinical testing, three aspects of reliability (precision, stability, 

and sensitivity), and two aspects of validity (construct and criterion),
z

of two non-invasive, circumdigital (CD) instruments; the CD Ring and 

the CD Loop, developed by Voda and associates. Presently, body weight 

change is the only non-invasive, reliable, way of assessing hydration 

change over short intervals. This study attempted to determine whether 

change in the CD instruments is associated with change in weight, and 

if so, what is the strength of the association?

Calibration results for the CD Ring in the laboratory compared 

with a precision caliper, showed an intermeasurer overall percent rela

tive error of 5.01 with a significant Pearson r. Calibration results 

for the CD Loop in the laboratory compared with a precision caliper, 

showed an intermeasurer overall percent relative error of 0.02 with a 

significant Pearson r.

Clinical testing of the CD instruments was done on patients un

dergoing renal dialysis. Measurements of weight and measurements with 

the CD instruments were made' pre and post dialysis. Low, nonsignificant, 

correlations were obtained between the CD Ring and weight change; between 

the CD Loop and weight change; and between the CD Ring and the CD Loop.



CHAPTER 1

INTRODUCTION AND THE STATEMENT OF THE PROBLEM

At the present time, there exists no accurate, simple, non- 

invasive means of detecting human body water changes. The need for 

nurses to be able to monitor volume changes in patients has been dis

cussed by Voda (1977b). Illness of any kind or trauma (surgery or 

accidental) can predispose an individual to losses or gains in body 

water. Changes in body water volume change the ratio of volume to con

centration of body fluids and if uncorrected will result in changes in 

membrane potential and ultimately lead to irreversible cell fluid and 

electrolyte abnormalities.

Accurate clinical assessment of the individual with hydration 

and electrolyte problems is at best difficult, but it is from clinical 

assessment rather than laboratory values that evaluations of patients 

related to hydration are currently made. This is especially so in esti

mating the amount of body fluid, since there is no valid means of mea

suring total body water that needs to be replaced. Complex isotope 

dilution methods have nonclinical usefulness, if for no other reason 

than they are expensive and time consuming.

Daily weights and intake-output (I&O) records have been tradi

tionally used by nurses and physicians to assess the hydration state of 

ill persons, The intake-output record couples sensible loss with



insensible loss of water based on body surface area (BSA) nomograms, 

using a modified Dubois Nomogram, which estimates the insensible 

parameter.

Estimates of insensible water loss coupled with accurate mea

surement of sensible output would make the intake-output record a re

liable assessment tool for nurses to use to assess hydration (Voda 1977b) 

Occasionally, nurses initiate the intake-output record, but more often 

the record is ordered by the physician. However, regardless of who 

initiates the record, the universal problem appears to be inaccuracy of 

the I&O record,

Atwood (1979) states that while nurses can and often do initiate 

the intake-output record, the problem of accuracy is repeatedly addressed 

in administrative or clinical group discussion regarding future problems 

for research study. There is consensus that often intake and output 

data is recorded purely from estimations of recall of intake and output»

Similar limitations exist with the use of daily weights to as

sess fluid volume and hydration state. Daily fluctuations in body weight 

are said to be closely associated with changes in body water (Bland 1963) 

If a patient is seriously ill, the body weight method of assessing hydra

tion often cannot be done easily because of multiple monitoring lines, 

tubes, and the critical status of the patient, unless the patient happens 

to be on a metabolic bed with sensitive scales built in.

Both I&O and the body weight method are noninvasive methods 

utilized by nurses to detect and/or assess water change. Both methods 

have their limitations. Because of this, Voda and associates have been



in the process of developing noninvasive, simple, inexpensive, instru

ments to detect subtle changes in hydration state, Specifically, they 

are investigating whether changes in body fluid retention or loss can 

be measured in the digits of the hand. To date, two circumdigital in

struments have been developed, the circumdigital (CD) Ring and the 

circumdigital (CD) Loop.

The CD Ring

A diagram of the steps in ring construction is shown on Figure 1. 

Rings were formed by cutting down a nylon tube on a lathe and cutting 

the tube into one-fourth inch lengths, Each ring was sliced to allow 

it to expand to a slightly larger circumference. The nylon was laid flat 

and lines were engraved at each one millimeter distance along the outside 

wall and were numbered. A copper strip was riveted onto the opposite 

side of the cut from the numbers such that it extended over the cut and 

onto the engraved scale. When placed on a finger, changes in the cir

cumference of the finger were determined by movement of the end of the 

metal strip along the scale.

The CD Loop

A picture of the CD Loop Prototype is shown in Figure 2. The 

mechanical loop is a hand-held instrument which functions on the same 

principle as the CD Ring, but instead of an open, expandable device with 

metal strip, a nylon loop is placed around the digit, tightened, and a 

measurement made on the scale. The device utilizes a hospital patient 

identification band for the circumdigital loop. The tape measure from 

inside a standard measuring tape was utilized for the measuring scale



Figure 1. The Circumdigital Ring

A. Nylon tube 1/4 inch
B . Sliced to allow expans ion-contraction
C . Nylon flat with engraving
D. Copper strip riveted to extend over engraving
D. Placement on finger, movement of the strip on engraving sea



Figure 2. The Circumdigital Loop



and the spring from the measuring tape was used to adjust the loop ten

sion on the instrument. A spindle holds the end of the tape in place.

The spindle position is continuously variable. The loop device incor

porates a trigger, release mechanism, and braces to stabilize the loop 

holder or tape guide. The device does not require disassembly for ten

sion adjustment, and a fine coating of machine oil is sealed inside.

Statement of the Problem 

The reliability and the validity of the CD Ring and the CD Loop

instruments to estimate total body fluid volume change have not been

established clinically. The specific problem this thesis is designed to 

answer is: Are the CD Ring and CD Loop instruments reliable and valid

clinical instruments to use to detect fluid volume change?

Purpose of the Study 

The specific purpose of this thesis is to determine three as

pects of reliability (stability, sensitivity, and precision), and two 

aspects of validity (construct and criterion) of the two circumdigital 

instruments to determine if they are valid tools to be used clinically 

to detect fluid volume change.

Significance of the Problem 

The problem of hydration assessment is significant to nursing 

since it is nurses who enforce fluid routines, such as nothing by mouth 

(NPO), or encourage fluids, and it is nurses who are delegated the re

sponsibility of monitoring the hydration status of patients, yet there 

are no reliable or valid tools for nurses to use.
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Moran and Zimmerman (1967) stated the maintenance of water bal

ance is one of the most important factors in sustaining homeostasis and 

the resultant survival of the individual. -These investigators studied 

the level of anti-diuretic hormone secretion in patients during various 

phases of surgery, preoperative fasting to the closure of the wound.

In addition to finding that anti-diuretic hormone levels ranged from 

one microunit preoperatively and rose as high as 50 microunits during 

various phases of the operative procedure, they also found that the ad

ministration of routine fluids postoperatively in the absence of accu

rate ways of monitoring hydration state could lead to grave consequences 

such as the development of edema, cardiac stress and possibly decompen

sation.

According to Selye (195.6) the stress response in all cases 

(illness-trauma) activates the pituitary adrenal axis which leads to 

the discharge of stress hormones. Stress is a complex, biochemical, 

endocrine-mediated response to illness or trauma, that mobilizes energy 

for the organism while at the same time conserving water and critical 

ions. The magnitude of the stress response is dependent upon the mag

nitude of the stimuli and may be a product of combined endogenous and 

exogenous input processed by the central nervous system. An example of 

a clinical stressor is the routine of preoperative NPO followed by sur

gery and postoperative NPO. Because of the stress response, both water 

and electrolyte balance are compromised as a result of inappropriate 

secretion of anti-diuretic hormone as well as an increased output of 

adrenal cortical mineralocorticoid, aldosterone, The stress response



persists in the face of normal concentrations of volume and solute and 

appears to need to run its course.

Hayes (1968) also studied fluid and electrolyte changes follow

ing surgery. He postulated that after injury of any type there is an 

anti-diuretic response, most probably the actual release of anti

diuretic hormone (ADH) from the posterior pituitary gland, and that re

lease of the ADH after injury is not subject to the usual feedback 

control, Hayes concluded that the inappropriate release of ADH was a 

compulsory release under the influence from higher hypothalamic centers 

known to participate in the metabolic response to stress. As a conse

quence, after injury or surgery and irrespective of copious intravenous 

water infusion,oliguria is to be expected.

Measurement of body fluid volume change in persons with renal 

failure is done by accurate measurement of daily body weight, at the 

same time, using the same scale, and with similar garments as an index 

of optimal fluid balance. Problems occur with these patients because 

of inaccurate monitoring of sodium and water balance. If accurate mea

surements are not made, water intoxication may occur with excessive 

water retention without sodium or excessive intake of both sodium and 

water will result in vascular overload and edema (Smith 1975).

The patient on renal dialysis experiences problems with sodium 

and water balance, often making the recording of weight inaccurate and 

at times impossible, since these patients often are unable to stand.



CHAPTER 2

CONCEPTUAL FRAMEWORK AND THE REVIEW OF THE LITERATURE

This chapter presents the conceptual framework pertinent to

estimating the reliability and validity of the circumdigital instruments 

and the review of the literature, which focuses upon the principles of

fluid loss and gain most relevant to the problem being investigated.

The author.is aware that work has been completed in physics and 

physiology with regard to piethysmographic and water displacement re

search in isolated limb segments (Whitney 1954; Riddle, Brydon, and 

Willoughby 1974). The latter are acknowledged as being important but 

beyond the scope of this study, since the application was made in a 

physiology laboratory and not in a clinical laboratory. The focus of 

this chapter is on criteria used to test instruments as well as a review 

of methods used by clinicians to assess fluid volume changes in persons 

sick and well.

Conceptual Framework

Preparatory to any instrument measurement or testing, the instru

ment must be calibrated. The process of calibration, by definition, re

quires the investigator to assess both reliability and validity aspects 

'of the instrument being tested. Reliability testing involves evaluating 

the instrument for accuracy, precision, stability, and sensitivity.

9
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Accuracy and precision are frequently confused and while the two 

terms are more often than not used interchangeably, they are not by def

inition the same. Accuracy denotes the nearness of a measurement to its 

accepted value, More specifically, accuracy involves a comparison with 

respect to a true or accepted value. When one does not have such a 

standard available to compare with, one expresses this aspect of relia

bility in terms of precision. For this thesis, reliability will be

expressed in terms of precision.

Precision is defined as the agreement between numerical values 

of two or more measurements that have been made in an identical fashion, 

Precision is usually expressed relative to the mean or median as per

centages or parts per thousand. Precision, like accuracy, is expressed 

in terms of error. Rather than defining error in absolute terms, how

ever, error in precision is expressed as relative error (RE), where DM 

is the deviation from the mean and M is the mean of the sample.

RE = D x 100 . When relative error is low, one can assume the instru-
M

ment is stable; when relative error is high, one may or may not have 

instrument stability (Atwood 1979). Prior to evaluating the precision 

of an instrument, however, the stability, sensitivity, and range of 

measurement of the instrument must be determined, In addressing pre

cision one must reevaluate the limits of measurement of the instrument, 

that is, does it have enough range to include all possible quantities 

of the parameter that are of interest to the user?

Stability is the ability of the instrument to resume a steady 

state condition following a disturbance at the input rather than be
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driven into oscillation, or the ability of the instrument to return to 

the zero point. A stable instrument is a necessary condition for pre

cision, Stability must be determined and separated from precision. In 

addressing stability, one must consider: Does the output of the instru

ment increase linearly with equal increments of the desired parameter?

Can the instrument respond fast enough to reproduce changes in the pa

rameter being measured?

Sens it ivity denotes how small a variation of a variable can be 

reliably measured, It is concerned with minute changes detected, In 

addressing sensitivity one must critically evaluate and establish 

whether the instrument is able to detect meaningful change in the param

eter being measured (Yanof 1972).

The attainment of good precision however, is not necessarily a 

criterion of error-free measurement and judgments based upon precision 

alone, must always be considered guardedly as an estimation of a successful 

calibration or analysis. Two types of errors are recognized that accom

pany the performance of any analysis or instrument calibration. These 

have been labeled as determinate and indeterminate error (Skoog and West 

1976) . It is not always possible to neatly classify an error into one 

or the other of the above categories. Through continued testing and 

refinement of the instrument, the ability to detect errors improves.

Thus, what may have been identified as indeterminate error often turns 

out to be determinate in origin. A determinate error may be constant 

or proportional and has a value that can in principle be measured. The 

constant error becomes serious when it is large relative to the size of
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the object being quantified because the magnitude of the error accounts 

for a larger portion of the variance. When the sample mean (X) equals 

the population mean (m), there is no determinate error. Sources of 

determinate error may be personal errors by the experimenter, imperfec

tions in the measuring device, environmental effects upon instruments, 

error in the method of measurement analysis or any combination of these. 

Indeterminate errors are usually not positively identified and do not 

have a definite measurable value. These values fluctuate in a random 

manner and may be illustrated by a scatter of individual values about 

the mean. The indeterminate errors cannot be controlled and over a 

large sample the errors tend to cancel out the effects of each other.

Sources of indeterminate error are variations in visual judgment of the 

instrument. indicator, or uncertainties in measurements that are unknown 

(Skoog and West 1976).

Valid ity

Construct validity is the ability of the instrument to index
J

or measure what it is developed to index. The major questions of con

struct validity are: Does the instrument measure the desired parameter

and does the instrument affect the parameter being measured?

The work of Whitney (1954) validates that fluid volume change 

can be detected via circumlimb devices. Whitney presented the theoret

ical considerations for equating limb volume changes with dimensional 

changes. When a limb changes in circumference or girth, one can deduce 

percentage changes in volume at a particular level along its axis. Two 

assumptions are made: One is that the length of the limb remains unal

tered, and the second is that in deducing volume change from girth change

/
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the transverse sectional shape remains unaltered during volume change.

Whitney proposed through mathematical (geometric) equations that human

limbs and digits should approximate to a circular cross section except

in the region of joints such as the ankle. He concluded on theoretical

grounds that a fairly accurate derivation of volume changes from observed

girth changes in human limbs can be expected. He further proceeded to

measure girth changes using both strain gauges and water plethysmography.

Criterion validity is a means of judging a value based on an

established standard, In this study, two criterion validity checks were

necessary, one for the laboratory calibration of the CD instruments, and

one for the clinical testing. The standard or validity check for the

laboratory calibration of the CD instruments was a Siber Precision

Caliper, which was designed to measure linear or circular changes in
\

millimeters. Measurements made on metal dies were compared with m e a - ' 

surements made with the Siber calipers.

The criterion validity check for clinical testing was a cali

brated Bio-detecto Person-weigher scale for subject weighing. Change 

in digit measurements made with both CD instruments were pitted against 

change in body weight measurements which were made on the Bio-detecto 

scale.

The reliability of body weight change as an indicator of change 

in body fluids was established by Marriott (1950) and Bland (1963).

Using the body weight method of assessing fluid change, 1 kilogram 

weight change = 1 liter fluid change (or 1 gram = 1 milliliter).

Marriott, using the body weight method, classified water depletion
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(clinical dehydration) into three stages: early dehydration in which

two percent of body weight was lost, moderate dehydration in which more 

than two percent but less than six percent of body weight was lost, and 

severe dehydration in which greater than six percent but less than 14 

percent of body weight was lost.

In summary, through calibration, the instrument is adjusted to 

make its indicated values correspond as closely as possible to the ac

tual values being measured, In this study, change in circumference 

was the measurement capability required. Once calibrated, an instrument 

will maintain accuracy only as long as it does not deviate from its 

calibrated condition. Thus calibration becomes a necessary precondition 

for all measurement. The ultimate calibration of any instrument can 

be no better than the accuracy of the known standard used for calibra

tion (Cromwell et a l . 1973),

The basic assumption utilized for this study was: digit volume

changes with changes in total body water. Limited plethysmographic read

ings of the human digit have indicated this basic assumption holds true 

but baseline data are poor (Ogden 1979). Digital blood flow measure

ments have been made with a plethysmograph on one patient in which rest

ing blood flow measurements were made every ten seconds (from time 0 to 

about 5-1/2 minutes). Blood flow variability ranged from 70 to 120 mil

liliters /minute/100 grams. Since blood flow will affect blood volume 

and since movement of extremities appears to affect the resting blood 

flow volume, no clinicians are presently using finger volume measurement 

with plethysmography to measure absolute finger volume. No clinical ex

tension of digit volume change to total body volume change has been done.
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Review of the Literature 

The literature review has been developed as follows: Distribu

tion of body water, Gains and losses of water, Insensible losses. Sensi

ble losses, Clinical methods to assess body water change, Body weight, 

and pertinent studies on Weight loss in surgical clients, and the 

Development of early methods to detect fluid volume change.

The Distribution of Body Water

Of the compounds that compose the body, roughly two-thirds or 

65 percent of one’s total body weight is water. The two main divisions 

of body water are intracellular water and extracellular water.. Within 

the cell metabolism is an ongoing event. The extracellular water exists 

s o .that the intracellular water metabolic changes may go unimpeded. 

Extracellular water is separated into two compartments; that which oc

cupies the vascular system, the plasma, and that which lies between the 

capillary and the cells, the interstitial water. Plasma provides imme

diate access for the body water to the pathways of exchange with the 

external environment, namely, the lungs, kidneys, gastrointestinal tract 

and the skin (Bland 1963). The intracellular water makes up 65 to 75 

percent of the total body water and 20 to 45 percent of the total body 

weight. The extracellular water makes up 15 to 25 percent of the total 

body water and 12 to 15 percent of the total body weight (Bland 1963).

Gains and Losses of Body Water

Abnormal differences between gains and losses of body fluids lie 

at the roots of most clinical fluid disturbances. Fluids composed of
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water and electrolytes are gained in a number of ways: ingested water,

ingested food, tube feedings, parenteral feedings, rectal feedings and 

water gained through the oxidation of foodstuffs and the oxidation of 

body tissues (Snively 1962) #

Water gain occurs when the volume of body water is increased.

One way this occurs is iatrogenic, by the continuous administration of 

isotonic intravenous solutions in the presence of a decreased output. 

Nurses knowlingly or unknowingly, participate in creating this situa

tion when they carry out orders for around-the-clock intravenous infu

sion of isotonic solutions for patients who may have renal impairment 

or be post-trauma and experiencing the stress response (Voda 1970, 1971). 

This is a particularly dangerous clinical condition in early postopera

tive or post-trauma patients since it has been demonstrated that during 

this period there is inappropriate secretion of anti-diuretic hormone 

(Moran and Zimmerman 1967).

An increase in plasma volume and body water can occur in pa

tients with cardiac failure and renal failure. Edematous states in 

these individuals when identified must be treated vigorously and prompt

ly- A normal increase in body water is found in all pregnant women.

These women are monitored closely on prenatal clinic visits for the 

presence of edema. Edema is the blockage of normal lymphatic drainage 

in the body, thus decreasing the removal of excessive proteins and 

fluid from the interstitial spaces - Drainage of the lymphatic fluid 

is essential for the maintenance of a normal tissue volume, without 

this drainage swelling of the tissues (edema) occurs. Changes in
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percent body weight and the presence of dependent edema by physical 

assessment are the criteria used to assess hydration. However, the 

concept of edema of pregnancy is not clarified, nor is the early detec

tion of pathological edema possible by the methods currently used 

(Voda 1977a).

The list of ways through which fluids are lost from the body is 

far longer than the list of ways through which fluids are gained by the 

body. Water and electrolytes can be lost from the eyes in lacrimation, 

from the skin in perspiration, from burn exudate, wound exudate, 

decubitus ulcer exudate, mammary glands in breast milk, vascular system 

in hemorrhage, from the lymphatic system in lymphatic duct fistulas, 

from the respiratory tract in bronchorrhea and in pulmonary edema.

Water and electrolytes are lost from the gastrointestinal tract in 

salivation, vomiting, gastric suctioning, intestinal fistulas, enter

ostomies, cecostomies, colostomies, normal stool and diarrheal stool.

Water and electrolytes are lost because of draining abscesses, thora

centeses, paracenteses, internal losses or pooling.

Losses of body fluids through such routes as fistulas, intes

tinal suctioning, vomiting, diarrhea or sweating involve not only loss 

of water but also of varying amounts of electrolytes. Body secretions 

are derived from extracellular fluid. As they are lost demands are made 

on the extracellular fluid to replenish them (Snively 1962),

Insensible Losses

Insensible losses are Losses of body water by evaporation from 

the lungs and by diffusion through the skin. Losses through the skin
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and respiratory tract as a rule, amount to 500 milliliters per square 

meter of body surface per 24 hours. Skin losses as sweat and insensible 

perspiration are considerable, and vary greatly, depending on the tem

perature, humidity, exercise and endocrine factors. Water loss via the 

lungs is directly proportional to ventilation. The magnitude of the 

loss varies with the volume of the respiratory exchange and the depth 

of respiration. The lungs, in the presence of dehydration, continue to 

lose water by vaporization. The skin plays a variable, but frequently 

highly important role in the regulation of water and electrolyte equi

librium. A person in a warm climate has an increased rate of heat pro

duction in relation to his usual rate of heat dissipation; therefore, 

he increases his heat loss rate by sweating and incidentally loses 

water and electrolytes. Insensible perspiration is obligatory and 

goes on continuously even in a cold climate, vaporizing steadily and 

Amounting to 300 to 600 milliliters per 24 hours. Under normal con

ditions, in the absence of sweating, about two-thirds of insensible water 

loss occurs by diffusion through the skin.

Sensible Losses

Sensible losses are water losses from the body that can be seen, 

felt, and measured. These losses include the by-products of metabolism, 

excreted in the urine and feces, as well as the perspiration. Sensible 

sweat contains a considerable quantity of sodium. Newburgh (1950) has 

calculated that losses of ten liters of sweat removes about one-third 

of the total sodium present in the extracellular fluid. Ill patients 

who are not ingesting a satisfactory diet, but continue to sweat
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excessively, may sustain sufficient depletion so that extensive hypo

tonic dehydration and a declining plasma volume ensue, with consequent 

circulatory failure (Bland 1963). Vaporization continues in whatever 

magnitude is necessary to maintain constant body temperature with no 

regard for whether or not this results in a progressively more negative 

water and sodium balance (Bland 1963).

Clinical Methods to Assess 
Body Water Changes

Because of the complexity and impracticality of metabolic bal

ance methods to measure body water changes in the clinical situation, 

nurses and physicians must rely on methods developed to estimate body 

water gains and losses, One method commonly used is the intake-output 

(I&O) record of sensible loss coupled with an estimate of insensible 

loss. Several studies have provided data to estimate insensible water 

loss based on body surface area.

Gump et a l , (1968) measured the insensible water loss of 20 male 

and female afebrile, surgical clients. The sample selected was a con

venience sample. Gump et a l . utilized a sensitive bed scale, and found 

that the body looses 23 + 7.7 grams/hour/meter squared surface area. 

Insensible weight loss is related to insensible water loss by the fol

lowing equation: Insensible weight loss = insensible water loss plus

carbon dioxide produced minus the oxygen consumed. Daily fluctuations 

in body weight are closely related to changes in body water, The sub

jects in Gump’s study wore a hospital gown and had a single sheet drawn 

up to the waist, and measurements were conducted in rooms where the
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temperature and humidity were kept at comfortable limits by centralized

.air-conditioning,

Hayes (1968) also measured insensible water loss. His subjects

consisted of a control group of healthy male, medical students and an

experimental group comprised of afebrile, first postoperative-day

patients. The subjects were denied all food and fluid for 18 hours

prior to surgery. During the period of observation, the subjects were

housed in rooms kept at constant temperature and humidity. Subjects

were weighed with a sensitive^scale and the weight changes recorded by

electric contacts on a kymograph moving at 2.54 miles/hour. There was

no apparent difference between fasting normal and fasting traumatized

persons. Both groups lost an average of 750 milliliters of water per
2meter squared of body surface area per 24 hours (750 ml./m BSA/24 hours). 

If one uses the values of Gump et a l . and Hayes to estimate in

sensible water losses using body surface area nomograms, different 

values are obtained.

For example, a 70 kilogram adult with a height of five feet,
oten inches (BSA estimation=l,85m ), using Gump’s values -- 23-j- 7.7 gm./

2
hr./m /BSA will lose approximately 42.550 gm-of water (ml) per hour when

afebrile. Over a 12 hour period, the estimated loss is 510.60 ml.
2

Utilizing Hayes’ formula (750 ml/m /BSA/24 hrs.), this same adult will 

lose 943,75 ml insensibly over the same time period.

For clinical purpose then, the above mathematical equations 

provide clinicians with ways to estimate insensible fluid loss. Exact 

measurements of insensible loss are not possible clinically since these
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can be obtained only with very sensitive electronic equipment or in

vasive radio-isotope dilution procedures.

Body Weight

The total body water of the adult male ranges between 50 and 

70 percent of his total body weight, that of the adult female from 44 

to 65 percent (Bland 1963),

Intracellular water makes up 65 to 75 percent of the total body 

water and 20 to 45 percent of the total body weight. The extracellular 

water makes'up 15 to 25 percent of the total body water and 12 to 15

percent of the total body weight. The total body water varies with

each individual and is related mainly to the fat content of the body. 

Relatively little water is associated with the carbohydrate and protein. 

In estimating the total body water, we are individualizing each in

stance , The water and solid composition of the body changes fairly 

continuously. Water content of the tissues also varies, being highest 

in the brain and muscle and lowest in the fatty tissue and teeth 

(Bland 1963),

Marriott (1947, p. 245) divided the states of water depletion 

into three clinical phases:

Early: thirst is definite, but other effects are not yet present.
There is a deficit of about two percent of body weight,
, or about fifteen hundred milliliters of water.

Moderately severe: occurs seventy-two to ninety-six hours without
water. There is marked thirst, little salivary flow, dry 
mouth, oliguria and weakness. The patient appears seri
ously ill. There are early personality changes, but he is 
capable of average physical and mental efforts. There is 
a deficit of six percent of body weight or forty two 
hundred milliliters of water.
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Very severe: the foregoing manifestations are present and there
is marked dimunition of physical and mental capacities; 
hallucinations are frequent; there is delirium; there is 
a deficit of seven to fourteen percent of body weight or 
five thousand to ten thousand milliliters of water.

Weight Loss

Three clinical nursing studies investigated the phenomena of 

preoperative dehydration and fasting weight loss.

Danforth (1978) studied the fasting weight loss of elective 

surgical clients, a convenience sample, 60 years of age and older in 

a southwestern hospital, Clients were selected from the hospital, 

surgical admission list. The sample was composed of six men and four 

women who were to undergo various operative procedures. Body weight 

measurements were used as a major indicator of fasting fluid losses.

One subject lost more than two percent of his admission weight and was 

assessed as entering surgery in an early stage of dehydration. The 

remaining nine subjects lost a considerable amount of body weight dur

ing the overnight fast. The range of weight loss for all subjects was

0.8 to 5.3 pounds. Danforth also found that weight loss for all sub

jects was related to the size of the patient. Tall, heavy subjects lost 

the most weight. No positive relationship was found between the number 

of hours of NPO and the amount of fluid lost, Danforth also suggested 

that the frequency of major operations in the elderly may contribute 

to an increased amount of fluid lost in the NPO period in subsequent 

surgeries.

Haertel (1979) studied the fasting weight loss of patients ad

mitted for vaginal and abdominal hysterectomies. The convenience



sample was composed of ten female patients admitted as elective sur

gical clients, Persons were identified for the study by consulting 

the hospital preadmittance list in a gynecological clinic on a gyne

cological floor of a southwestern hospital. Persons with preexisting 

chronic illnesses of cardiac, renal, adrenal or liver disease were not 

included in the study. The data consisted of admission and pre- 

surgical body weight measurements, measurements of sensible intake and 

output, and estimated measurements of insensible output based on body 

surface area. Data analyses showed that all subjects lost weight during 

the overnight fast. Two subjects lost more than two percent of their 

initial body weight. Both were identified as having a short and over

weight body build or excessive adipose tissue. One subject was approach

ing dehydration, and had a tall and muscular-type body build.

The findings suggest that some preoperative vaginal and abdominal 

hysterectomy patients enter the operating room in an early stage of de

hydration. Further work is required to determine if the hydration state 

can be monitored to identify patients who are in an early stage of de

hydration.

Voda (1977a) studied the preoperative fasting weight loss of 

40 patients, a convenience sample, identified from hospital elective 

surgical admissions, undergoing various elective surgical procedures.

The sample consisted of 16 males and 24 females, ages ranging from 

17 to 82 years. All subjects lost weight. Eight of the 40 subjects 

(20%) lost more than two percent of their initial body weight. Of 

these, six were in the age range of 60 years or older. Subjects being
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prepared for abdominal surgery experienced a greater percentage of body 

weight loss. There was no correlation between body surface area and 

weight loss.

Other Attempts to Detect 
Fluid Volume Change

Robertson (1971) utilized a jeweler's ring-sizer to detect 

physical signs of edema in pregnant women. Robertson states that at 

some stage in pregnancy, eight out of ten normal women may expect either 

to notice swelling of their feet or fingers or to have demonstrable 

clinical edema. Eight-three women were seen at four weekly intervals 

from the twelfth to the twenty-fourth week of pregnancy, then once 

every two weeks until the thirty-fourth week of pregnancy, then once 

weekly until delivery. A follow-up examination was made six weeks after 

delivery. Edema was assessed using the following techniques: measure

ment of lower limb volume, ankle girth, skin compressibility and finger 

size. Finger size changes were measured using a jeweler's ring-sizer 

on the third ring finger. The reliability and validity of the ring- 

sizer as a measurement tool were not discussed by Robertson, nor did 

Robertson include ring-sizer data.

Voda (1978) used the ring-sizer as one way of physically detect

ing changes in body water premenstrually in ovulating women. The ring- 

sizer was found to be too insensitive an instrument to use to detect 

fluid volume change in women during the premenstrual phase of the men

strual cycle. She found that the sizer, as it is placed over the finger, 

must first slip over the finger knuckle, which is larger than the
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proximal portion of the finger, where the change is to be measured. 

Further, ring-sizers are calibrated in one-half sizes and small changes 

in volume cannot be detected.

Literature Review Summary

Abnormal differences between gains and losses of body water lie 

at the root of most clinical fluid disturbances. Due to the complexity 

and impracticality of metabolic balance methods to measure body water 

changes, nurses and physicians must currently rely on methods developed 

to estimate gains and losses of body water. The two methods routinely 

used by nurses to estimate hydration states of patient are the I&O and 

body weights, Due to the limitations of these procedures, regarding 

accuracy, there is.a recognized need for non-invasive, simple and ac

curate instruments, to estimate fluid volume change in order to assess 

the hydration state of people who need this kind of monitoring.



CHAPTER 3

DESIGN AND METHODOLOGY

This chapter presents the design and methodology utilized to 

measure the reliability and validity of the CD Ring and CD Loop instru

ments. A 'description of the methods utilized is included, as well as 

measurements and estimations,

Design of the Study

A descriptive design was utilized to evaluate the reliability 

and validity of the CD Ring and the CD Loop as instruments to detect 

change in fluid volume in clients on renal dialysis,

Methodology

The methods of procedure section, of necessity, will be divided 

into two major sections for clarity of presentation. The first section 

will include the method in detail for laboratory calibration of the CD 

Ring and CD Loop, a necessary and major step to determine the readiness 

of developmental instruments which will be used for clinical measure

ment. The method followed for calibration of the Bio-detecto Scale is 

also included. The second section will include the methods of procedure 

for clinical trials of the circumdigital instruments on subjects under

going renal dialysis.

26



Methods in Detail

Laboratory Calibration of the*
Circumdigital Instruments

Calibration for temperature change in the CD Ring and an alumi

num metal die was done on a previous date (Morrison, Thompson, and 

Wheelock 1979). The results of this calibration work indicated that the 

metal dies which would be used to calibrate the CD Ring and CD Loop, did 

not change significantly in diameter or circumference pre- and 8 hour 

post-immersion in a temperature regulated water bath.

Calibration of the CD Loop

Calibration of the CD Loop was done according to the following 

methods of procedure:

1. Two metal aluminum dies, 17 centimeters in length, were clamped 

to a standard laboratory ring stand at a height of 17 centimeters from 

the base of the stand. The dies had previously been cut down to vary

ing diameters.

2. Six cut out areas on the dies were marked #1-6.

3. Five persons were recruited to measure areas 1-6. In order to 

assure a random•method of measurement and reduce measurement bias, num

bers 1-6 were marked on 18 separate pieces of paper, placed in a box and 

withdrawn by a laboratory technician not involved with the project. 

Measurements were made by the five measurers according to the following 

sequence: 4,3,2,6,1,1,6,3,5,5,5,4,6,1,2,3,4,2.

4. The six areas marked on the metal die were measured using the 

CD Loop, following the above random procedure to obtain triplicate
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measurements. Each person kept the recordings of his measurements un

known to every other person until all the data were compiled. Since 

the CD Loop device measured to the nearest 1/16 inch, a decision rule 

was made prior to recording the data that any measurement greater than 

1/16 inch would be considered 1/32 inch.

Calibrating the CD Ring

The calibration of the CD Ring was done exactly as described in 

the methods of procedure for the CD Loop except that the ring was mea

sured in mm. (millimeters) and a decision rule was made that when 

measurement was made between two marks the measurement would be con

sidered .5 mm. greater than the mm. measurement, and two persons, not 

five, using position 4+5 on the die calibrated the CD ring instrument.

Calibration of the Bio-detecto Scale

A Person Weigher Scale, made by Detecto Scales, Inc. (Brooklyn,
y

New York, #A137234, property of The University of Arizona), was cali

brated using standard weights manufactured by the Elgin Company and 

owned by Tucson Scale and Food Equipment Co. The scale was calibrated 

by Tucson Scale and Food Equipment using five 50 pound avoirdupois

weights. Each 50 pound weight was calibrated using an ’’Accu-weigh

Scale” with weighing range from ounces to 300 pounds. The scale was a 

new scale just certified and sealed by "weights and measures” in the 

State of Arizona, July 1979. Each 50 pound weight weighed exactly 50 

pounds according to the Accu-weigh Scale measurements. Each 50 pound 

weight equaled 22.6 kilograms on the Detecto Scale. Five 50 pound 

weights were tested.



29

A 50 pound weight belonging to The University of Arizona was 

taken to the Tucson Scale and Food Equipment Co. It was also weighed 

on the scale and determined to weigh 22.6 kilograms on the scale. This 

weight was measured in the clinical area daily prior to patient weighing 

to estimate the continued accuracy of the scale and to make adjustments 

if the weight used as the standard did not weigh 22.6 kilograms.

Clinical Testing of the CD Instruments

Sample. A convenience sample of 14 males and one female from 

one outpatient renal dialysis unit of a southwestern Veteran’s Hospital 

was recruited, All subjects were scheduled to undergo dialysis two to 

three times per week, utilizing the ultrafiltration method. Data were 

collected over a three day period; one group of patients (n=6) were 

dialized Tuesday, Thursday, Saturday; the second group (n=7) were 

dialized Monday, Wednesday, Friday. Data were collected over a two 

day period, Tuesday and Saturday, for two subjects. No subject wish

ing to participate was denied entry into the study.

Protection of Human Rights. All subjects were assured of com

plete confidentiality prior to the study, during the data collection 

and after the study was completed. The investigator guaranteed the sub

jects that the information they supplied verbally and any data gathered 

would not be publicized indiscreetly, and no individual names would be 

reported. The project was approved by the University of Arizona Human 

Subjects Committee (see Appendix A). All signed consent forms are re

tained in a locked, confidential file (see Appendix B ) .
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Procedures Followed for Measurements

Weight . Subjects were brought to the calibrated scale for weigh

ing to avoid jarring the scale by moving it. The following protocol was 

adhered to for both pre- and post-dialysis weighings.

1. Subjects wore exactly the same clothing.

2. All subjects stood at the same position on the scale. This 

point was designated by white tape placed horizontally on the floor of 

the scale. The tape was never removed during the study.

.3. Each subject- placed the tips of his shoes at the top edge of 

the tape and stood still until the balance lever on the scale was 

stabilized at mid-point marked by a thin line of tape for easy iden

tification.

4. Each subject’s weight was measured to the nearest 0.1 kilogram.

Finger Measurements. After weighing, subjects were directed to 

chairs with arm supports. The following protocol was adhered to for 

both pre- and- post-dialysis measurements:

1. Each subject’s dominant hand was placed flat on the arm rest of 

the chair. The choice of the dominant hand was made in an attempt to 

avoid the fistula.

2. The middle finger (finger 1), the ring finger (finger 2), and 

the small finger (finger 3), were all lightly touched with black marker 

to indicate the point where measurements would be made.

3. Masking tape was marked with numbers 1,2,3, to indicate the 

respective finger. The tape was placed on the armrest in front of the 

dominant hand,
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4. Measurements were made on the three fingers in the same random 

fashion as previously described in the instrument calibration section.

A total of nine measurements were made on each subject's dominant hand 

on fingers labeled 1,2,3, in random fashion, using first the CD Ring 

followed by the CD Loop for a total of 18 finger measurements.

The application of the CD Loop and CD Ring on the digits varied. 

The following protocol was adhered to for pre- and post-dialysis mea

surements .

Application of the Ring Device.

1. The calibrated ring was placed around the digit with the inner

border of the ring directly over the black marking on the finger.

2. The ring was placed so that the measurement markings faced the 

investigator.

3. The open portion of the ring faced upward for easy readability.

4. The ring was allowed to gently encompass the finger and measure

ments were made with the investigator looking directly down onto the 

instrument.

Application of the Loop Device.

1. The calibrated loop device was placed around the finger, allowed

to gently encompass the finger with a release of the lever at the sight

of the black marking, A gentle vertical rocking motion of the instru

ment by the investigator was required to achieve this position.

2. Measurements were taken with the investigator sitting on a stool

in front of the subject looking down onto the instrument.



Statistical Analysis

Precision of both laboratory calibration and clinical testing 

of the CD instruments was evaluated in terms of percent relative error. 

The formula used was:

Percent Relative Error = ^ viatio,n _lrom Mean X 100
Mean

(Skoog and West 1976).

Va1 idity of the CD instruments as a measure of circumference 

change on metal dies in the laboratory and in clinical testing on digits 

was evaluated using the Pearson correlation statistic.

Design Limitations. Extrapolation of calibration results from 

metal dies in the laboratory setting to the human digit is a limitation 

of the clinical testing part of this study.

Specifically, the study was conducted in one renal dialysis out

patient unit .. The study sample size was small (n=15) . The age range 

of the subjects was wide. The sample was predominantly male (one female) 

and the sample selected to test the instruments on was not a ’’normal” 

population.



CHAPTER 4

PRESENTATION AND ANALYSIS OF THE DATA

The analysis of the data of this study will be presented as 

follows: First the results of laboratory calibration of the CD in

struments will be presented. This will be followed by the results 

obtained by clinical testing of the CD instruments on renal dialysis 

patients.

Laboratory Calibration

Precision

CD Loop. Intermeasurer precision for measurement positions 

1-6 on the metal die showed an overall relative error of 0.02% with a 

range of 0,01-0.04% (reflects data for all measurers). Mean intra

measurer error for positions 1-6 ranged from 0.00-0.04%. Overall per

cent relative error for the principal investigator (Measurer A) for 

calibration of the CD Loop on the die was -0.01.

CD Ring. Intermeasurer precision for measurement positions 

4--5 (the only positions around which the ring would encompass) on the 

metal die showed an overall relative error of 2.50% with a range of 

0.00-5.67% (reflects data for all measurers). Mean intrameasurer error 

for positions 4-«5 ranged from 0.00-5.67% Overall percent relative 

error for the principal investigator (Measurer A) for calibration of 

the CD Ring on the die was 2.17.

33
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Siber Precision Caliper. Intermeasurer precision for measure

ment positions 1-6 on the metal die showed an overall relative error of 

.05% with a range of -0.75 to 0,67% (reflects data for all measurers). 

Mean intrameasurer error for positions 1-6 ranged from -0.78 to 1.52%, 

Overall percent relative error for the principal investigator (Mea

surer A) for calibration of the caliper on the die was -0.75,

Intermeasurer and intrameasurer precision data for CD Loop,

Ring, and Caliper obtained during the laboratory calibration are shown 

in Table 1,

Bio-detecto Scale Calibration. The Bio-detecto Scale was found 

to be accurate to within -0.4 kg. at 250 pounds. The range of absolute 

error was -0.1 to -0,4 kg. for five weights that were measured on both 

the Accu-weigh Scale and Bio-detecto Scale.

Val id ity

CD Loop. CD Loop and Siber caliper measurements made on six 

areas of the metal dies^ were significantly correlated: Pearson r = ,98,

r^ = .96 (p <.000001), regression equation y = 59.75733 + 0.11968 X

(n=2) .

CD Ring. CD Ring and Siber caliper measurements made on two 

areas of the metal dies were significantly correlated. Pearson r -.98,

r^ = .98 ( p C . 000001), regression equation y = 22.5139 + - ,34355X(n=2).

Clinical Testing of CD Loop and CD Ring

Demographic Data

A convenience sample of 13 male subjects and one female was 

admitted to the study. Age ranged from 22 to 78 years with a mean of



Table 1. Relative Percent Error for Laboratory Calibration of CD Loop,
CD Ring and Siber Precision Calipers. -- Data presented are the 
means of triplicate measurements made on positions 1-6 on two 
metal dies.

Cl) Loop** 
Mean % Error 

Kosilion
Over.il 1 

X

CD Kinx
% Error

Overal1
Posilinn X

Caliper 

Posit Ion
Measurer 1 2 3 4 5 h 2 Error 4 5 X Error 1 2 3 4 5 6

A- 0.0J 0.00 -0.05 -0.0b 0.00 -0.01 -O.0I 0.00 4.35 2.17 -0.1 (> -0.34 0.00 -1.62 -0.78 
Overall X -

-1.57
-0.75

U 0.0J 0.00 -0.05 -0.0b 0.06 -0.01 -0.01 0.00 5.67 2.83 -0.16 -1.30 0.00 0.84 -0.28 
Overu11 X - P 

0

C 0.03 0.02 -0.05 0.00 0.00 -0.03 0.01 -0.16 1 .52 0.00 0.74 1.52 
Overal1 X -

0.39
0.67

1) 0.00 0.02 0.03 0.10 O.Oti 0.00 0.04 -0.16 -1.30 0.00 -0.70 -0.78 
Overal1 X •

0.39
-0.43

E 0.02 0.03 -0.02 0.02 -0.03 -0.03 -0.00 0.74 1 .52 0.00 -0.79 0.74 
Overa11 X -

0.39
0.43

X , -0.02 X - 2.SO X , .05

* Principal Investigator
** The CD Loop was evaluated by 5 persons 
*** The CD Ring was evaluated by 2 persons
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62.3 years. Length of time on dialysis ranged from two to three times 

per week, the mean being three times per week. The hours per day on 

dialysis ranged from three to six hours, with a mean of 3.5 hours.

This data is shown in Table 2.

Table 2. Demographic Data of the Sample

Central
Range

Tendencies
Mean

Sex (13 males, 1 female)

Age (years) 22.78 62.3

Dialysis time (hours) 3-6 3.5

# of dialysis runs/week 2-3 3.0

Precis ion

Prior to making digit measurements on subjects, the principal 

investigator calibrated both instruments on the metal dies,

CD L oop. Mean intrameasurer relative error for the principal 

investigator for each position on the metal die ranged from 0 to 0.2%, 

with an overall relative error of 0.01%.

Intrameasurer error for the principal investigator on subjects' 

digits was evaluated by selecting all the triplicate pre- and post

dialysis measurements that were made on subjects 1 and 15. Measurement 

error was calculated for each digit, each day. The range of % error 

for digit one was 0.41 to 0.04; for digit two the range of % error was 

0.00 to 2.89; for digit three the range of % error was 1.46 to 1.52. 

This data is shown in Table 3.



Table 3. Relative Percent Error for Clinical Trials of Measurements Made on Digits 1 , 2  and 3 
Using the CD Loop and CD Ring. -- Data Presented are the Means of Triplicate Pre- and 
Post- Dialysis Measurements of Two Randomly Selected Subjects (#1 and #15).

CD Loop -
CD Ring

Subject Day Digit Before Dialysis After Dialysis Before Dialysis After Dialysis
No. No. No. % Relat ive Error % Relative Error

1 1 1 0.00 0.00 0.00 0.00
2 - 0.00 0.00 0.00 0.00
3 -0.00 0.00 0.00 0.00

2 1 0.00 -2.17 -6.00 6.20
2 0.00 9.00 1.10 1.20
3 8.80 9.10 1.10 -1.14

3 1 2.30 2.40 0.00 0.00
2 0.00 8.30 1.20 0.00
3 0.00 0.00 1.20 2.32

15 1 1 0.10 0.00 0.00 0.00
2 0.00 0.01 0.00 1.21
3 -0.03 0.00 0.00 0.00

- 2 1 0.00 0.00 7.69 0.00
2 0.00 0.00 3.46 0.00
3 0.00 0.00 0.00 0.00

U)



Table 3, continued

Digit
No.

CD Loop
Before Dialysis After Dialysis 

% Relative Error

CD Ring
Before Dialysis After Dialysis 

% Relative Error

Average Mean 1 0.41 0.04 2.93 1.03
of 2 Subjects

2 0.00 2.89 1.47 0.51

3 1.46 1.52 1.20 0.38

U)
00
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CD Ring. Mean intrameasurer relative error for the principal 

investigator for each position (4 - 5) on the metal die ranged from 

0.00 to 4.35%, with an overall relative error of 2.17%.

Intrameasurer error for the principal investigator on subjects' 

digits was evaluated by randomly selecting the triplicate pre- and post

dialysis measurements that were made on five subjects. Measurement 

error was calculated for each digit. The range of % error for digit 

one was 2,93 to 1.03, for digit two the range of % error was 1.47 to

0.51, for digit three the range of % error was 1.20 to 0.38. This data 

is shown in Table 3.

Validity

CD Loop. Change in the CD Loop and body weight measurement

(pre- and post-dialysis) for digits 1, 2, and 3, showed neither a

strong nor significant correlation. This data are shown in Table 4.

' CD Ring. Change in the CD Ring and body weight measurement

(pre- and post-dialysis) for digits 1, 2, and 3, showed neither a

strong nor significant correlation. This data are shown in Table 4.

CD Loop and CD Ring. Change in the CD Loop and CD Ring measure

ment (pre- and post-dialysis) for digits 1, 2, and 3 showed neither a

strong nor significant correlation. This data are shown in Table 4.

Pre- and Post-Dialysis, CD Loop Measurements, CD Ring Measure

ments, and Weight Measurements. A comparison of the mean raw data, pre- 

and post-dialysis, measured by the CD Loop, CD Ring, and Bio-detecto 

Scale showed that CD Ring measurements made on digits 1 and 2 decreased 

in circumference after dialysis, Finger 3 showed an increase in



Table 4. Correlation Coefficients for Change in Digit Measurement Made with CD Loop,
CD Ring and Body Weight for 15 Subjects. -- (Change based on measurements made 
pre- and post-dialysis.)

Digit Pearson
CD Loop 

2r r Significance Pearson
CD Ring

2r r Significance
CD Loop and 

2Pearson r r
CD Ring 
Significance

1 .46 0.21 NS - . 03 0.0009 NS -.10 0.01 NS

2 .19 0.05 NS -.04 0.0016 NS -.29 0.08 NS

3 .41 0.19 NS .11 0.0121 NS -.03 0.00 NS

4>o
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circumference. CD Loop measurements made on digits 1 and 3 decreased 

in circumference. Finger 2 measurements increased. Weight showed a 

post-dialysis decrease. The above data are shown in Table 5.

Weight Change and CD Instrument Change for Each Subject. A 

breakdown of the weight change and CD instrument change for each subject 

is presented in Table 6. Thirteen of 15 subjects (all except subjects 

3 and 5) lost weight after dialysis. Nine of the 13 subjects with 

weight loss had a measurable decrease in all three digits measured with 

the CD Loop. Two subjects of the 13 with weight loss showed increased 

finger circumference measured on three digits. Two subjects who showed 

a weight loss showed an increase in circumference on digit 1 or 2, with 

a decreased circumference in digit 3, The two subjects who showed 

weight increase after dialysis showed an increase in digit circumfer

ence in all three digits. The results of the data with the ring is 

variable: specifically, subjects who lost weight showed either no

change in circumference on the digit, or an increase in circumference 

of the digit, or a decrease in circumference on the digit.



Table 5. Measure of Central Tendencies of Pre and Post Dialysis Measurements 
with CD Loop, CD Ring and Weight

Pre-dialysis Post-dialysis
CD Ring CD Ring

Measurements Measurements
Range Mean Range Mean

Finger 1. 
Finger 2. 
Finger 3.

(mm.) (mm.) 
0-8.67 2.26 
0-9.11 5.33 
0-9.56 6.49

C.D. Loop Measurements

(mm.) (mm.) 
0-7.67 2.04 
0-9.11 5.23 
0-9.44 6.82

C.D. Loop Measurements

Finger 1. 
Finger 2. 
Finger 3.

(in.) (in.) 
1.97-2.83 2.45 
1.76-2.62 2.29 
1.74-2.38 2.08

Pre-dialysis Weight

(in.) (in.)
1.90-2.78 2.44 
1.70-2.60 2.41 
1.77-2.44 2.07

Post-dialysis Weight
(kg.) (kg.) 

58.7-90.0 80.19
(kg.) (kg.) 
58.3-88,7 74.58

£



Table 6. Variable Change Data". Comparison of Weight Lost or Gained with Change in Finger
Circumference. -- (Increase or decrease in finger circumference as measured by
the CD Loop and CD Ring Instruments).

Weight Lost Weight Gained Finger CD Loop CD Ring CD Loop CD Ring
(kg.) (kg.) Increased Finger Decreased Finger

Circumference CircumferenceSubj ect (in.) (mm. ) (in.) (mm. )A  _ A  + A  + A  + A_ ; A  _
1. 1.0 * 1. .04

2. — — .23 .04 —1 —
3. — .56 .02

2. 1.9 1. — — mm mm .07 .34
2 . — — — .05 1.09
3. — .33 .02 —

3. .1 1. .06 mm rnm mm —

2. . 04 .33 — — - —
3. .16 1.22 - - —

4. .3 1. mm mm .05
2. mm — .22 .08 — —
3. - - - - .08 .44

5. .3 1. .04 1.00
2 . .02 — — — — - —
3. .09 - - --

6. 1.4 1. mm mm .22 .05
2. - ~ .11 .08 — —
3. — — .11 .11 — —

-O'U)



Table 6, continued

Subj ect

Weight Lost 
(kg.)

A

Weight Gained 
(kg.)

F inger CD Loop fCD Ring 
Increased Finger 
Circumference 
(in.) (mm.)

CD Loop CD Ring 
Decreased Finger 
Circumference 
(in.) (mm.)A  _ A  _

7. 1. 0 .04
.04
.04

1.05
.05
.45

.5 .15 .11
.04 
.06

.33

9. .4

.11

.55

.05

.04

.08

10.

1 1 .

12.

1.6

.6

2.0

.03

.06 .23
.44

1.22
2.55

.01

.03

.02

.04

.06

.08

.04

.06 
1.00

•P--p'



Table 6, continued

Subject

Weight Lost 
(kg.)

A  _

Weight Gained 
(kg.)

A  +

Finger CD Loop CD Ring 
Increased Finger 
Circumference 
(in.) (mm.)
A  + A  +

CD Loop CD Ring 
Decreased Finger 
Circumference 
(in.) (mm.)A _ A  _

13. 1 .0 1. .09 .33
2. .06 — — - - 1.67
3. .01 - - .33

14. 1 .4 1. — — — — .07 ■ mm

2. — — .06 — —
3. Loop too small or large -

15. ,2 1. w mm .83 .04
2. - - .58 .04 - —
3. .70 .01

Ln



CHAPTER 5

DISCUSSION OF THE FINDINGS

The discussion of the findings will focus upon the results rela

tive to the reliability and validity of the CD Instruments. Laboratory 

results will be compared with clinical results. Results of clinical 

testing will be discussed and interpreted in terms of the selection of 

the convenience sample of subjects undergoing renal dialysis.

There was repeatability of measurements with both CD Instruments 

when calibration was done in the laboratory using calipers as the stan

dard .

Laboratory Calibration

Precision

CD Loop. Intermeasurer precision for measurement positions 1-6 

on the metal dies, showed an overall percent relative error of 0.02 with 

a range of 0.01 to 0.04. Mean intrameasurer error positions 1-6 on the 

metal dies ranged from 0.00 to 0.04%. Overall percent relative error 

for the principal investigator for calibration of the CD Loop on the 

dies was 0.01.

CD Ring. Intermeasurer precision for measurement positions 

4 and 5 on the metal dies showed an overall relative percent error of 

2,50 with a range of 0.00 to 5.67. Mean intrameasurer error for posi

tions 4 and 5 ranged from 0 to 5.67%. Overall percent relative error
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for the principal investigator for calibration of the CD Ring on the 

dies was 2.17.

Caliper. Intermeasurer precision for measurement positions 1-6 

on the metal dies showed an overall relative percent error of .05 with 

a range of -0.75 to 0.67. Mean intrameasurer error for positions 1-6, 

ranged from -0.78 to 1.52%. Overall percent relative error for the 

principal investigator calibration of the calipers on the metal dies 

was -0.75.

Thus, the overall intrameasurer percent relative error for the 

CD Loop was less than the overall intrameasurer percent relative .error 

for the precision caliper. The overall intrameasurer percent relative 

error for the CD Ring was greater than the overall relative percent 

error for the precision caliper.

The reproducibility and stability of the measurements made with 

the CD Instruments, along with the reproducibility of measurements on 

aluminum dies in the laboratory warranted their use in clinical trials 

to determine clinical reliability and validity.

Clinical Testing

Analysis of daily calibration data of the CD Instruments of 

measurements made on the metal dies by the principal investigator prior 

to digit measurements showed a mean relative error of 0.01% for the CD 

Loop and 2.17% for the CD Ring. Thus, percent relative error made by 

the principal investigator decreased from the laboratory to the clinical 

testing. It appears that precision increases with continued use of the 

instruments on the metal dies. Percent relative error increased when
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the principal investigator measured human digits in the clinical area 

rather than metal dies.

Precision

CD Loop. Overall mean percent relative error for the principal 

investigator ranged from -0.06 to 0.03 in the laboratory to 0.00 to 

2.89 in the clinical trials. Specifically, measurement error for each 

digit each day was calculated pre- and post-dialysis for subjects 1 

and 15. The range of pre-dialysis to post-dialysis percent relative 

error for the CD Loop on digit 1 was 0.41 to 0.04; for digit 2, the 

range of percent relative error pre- and post-dialysis was 0.00 to 

2.89; for digit 3, the range of percent relative error pre- and post

dialysis was 1.46 to 1.52. The high relative percent error with the 

CD Loop may be due to human error made by the principal investigator 

and crude instrument design.

CD Ring. Overall mean percent relative error for the principal 

investigator ranged from 0.00 to 4.25 in the laboratory to 0.38 to 2.93 

in the clinical trials. Specifically, measurement error for each digit 

each day was calculated pre- and post-dialysis for subjects 1 and 15.

The range of pre-dialysis to post-dialysis percent relative error for 

the CD Ring on digit 1 was 2.93 to 1,03; for digit 2, the range of per

cent' relative error pre- and post-dialysis was 1.47 to 0.51; for 

digit 3, the range of percent relative error pre- and post-dialysis was 

1.20 to 0.38. The overall percent relative error for the clinical 

trials of the CD Ring measured on digits did not increase in the clin

ical area compared to the measurements made in the laboratory calibration.
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Since the CD Ring showed a high relative percent error in the labora

tory calibration with no increase or decrease in error when digits 

were measured, it can be concluded that the error was inherent in the 

instrumentation design.

Sensitivity

CD Loop. The tape measure inside the CD Loop is capable of 

measuring 1/16 of an inch increments, Since no significant correla

tions were found with the CD Loop change and change in body weight 

(pre- and post-dialysis), these increments may not be sensitive enough 

to detect measured digit volume change. Reading the scale required the 

investigator to read backwards. A parallax problem also existed with 

the reading. An additional problem that must be addressed is the pos

sibility that the act of encircling the loop around the finger and then 

increasing the tension, compressed the digit fluid and displaced the 

fluid change the instrument was attempting to measure.

CD Ring. The sensitivity of the CD Ring was evaluated as in

adequate to measure the desired change. The millimeter markings have 

been hand cut and at best their accuracy of placement is compromised.

Stability

CD Loop. The CD Loop was more stable clinically than the CD 

Ring. Variations in readings between the three measurements on one 

finger before or after dialysis ranged from 1/32 to 1/16 inch. Since 

there was no zero point to return to after introduction and withdrawal 

of an input stimulus, this aspect of stability could not be evaluated.
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CD Ring, The stability of the CD Ring proved clinically to be 

poor. The ring was not resilient enough to encompass a large variety 

of finger sizes. For many subjects the ring was too small to encircle 

the digit, thus preventing any available reading.

Construct Validity

The assumption made in the present study, based on Whitney1s 

work (1954), was that girth changes in the digits of the hand, over 

short periods of time are indicative of volume changes. The exact 

relationship of total body volume to girth changes was not known, nor 

was the amount of time necessary for equilibration to occur and be re

flected in the digits known.

Criterion Validity

The parameter we desired to measure was fluid volume change in 

the digits. The reliability of the body weight change as an indicator 

of change in body fluids was established by Marriott (1950) and Bland 

(1963).

Laboratory Results Compared with Clinical Results 

Clinical data were gathered from a convenience sample of persons 

in renal failure undergoing renal dialysis, Selection of dialysis pa

tients as the sample to measure may have contributed to the non

significant results obtained. Persons in renal failure are not a 

normal, well population. Extrapolation of laboratory calibration from 

the metal dies to the human digit was not done, since the human digit 

is not a rigid metal die, but rather a cylindrical-like part of the
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body composed of soft tissue, surrounding and encircling bone. In ad

dition, because the subject’s digits had to be moved to be measured, 

rather than remaining inert like the metal dies, may have considerably 

affected the distribution of the resting fluid volume in the digit.

The data obtained indicate that the CD Loop, not the CD Ring, 

may be measuring the desired parameter, fluid volume change in the 

digit. Since no significant relationship between change in digit was 

measured using the CD Loop and change in body weight, using the Bio- 

detecto Scale, this may also be due to the selection of renal dialysis 

patients as the subjects for this study.

Thirteen of the 15 subjects lost weight after dialysis. Nine 

of the 13 subjects with weight loss had a measurable decrease in all 

three digits measured with the CD Loop and two subjects of the 13 with 

weight loss showed increased finger circumference measured on all three 

digits. Two subjects showed an increased circumference on digit 1 or 2 

associated with a decreased circumference in digit 3, It is of note 

that the two subjects who showed a weight increase after dialysis showed 

an increase in digit circumference in all three digits.

Implicat ions

Nurses participate in creating altered states of hydration by 

enforcing fluid routines. Because this is a delegated nursing responsi

bility, nurses are in a prime position to monitor the hydration state 

of all medical, surgical and/or dialysis clients. The nurses’ role in 

assuring optimal hydration includes weighing patients on accurate scales, 

maintaining intake and output records which include sensible as well as
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insensible water balances, and by providing fluids up until an absolute 

NPO is ordered. Since there are no valid and reliable non-invasive clin

ical tools to use to assess patients' state of hydration, studies in 

this area are needed. If the reliability and validity of the CD In

struments can be established, a non-invasive method for assessment of 

fluid volume change for clients who need this kind of monitoring will 

be available.

Re c ommend a tions

The following recommendations for further investigation based 

on the study are as follows:

1. . Select a more "normal" population. That is, conduct initial

testing on well subjects, without illness, to serve as a base

line population.

2. Select a larger sample size of at least 25 randomly selected~ 

subj ects.

3. Select a sample with an equal age distribution.

4. Utilize a more sensitive weighing scale, preferably utilize a 

calibrated, metabolic bed scale.

5. Select a sample with an equal age distribution of males to 

females,

6. Include an accurate intake-out put to include sensible oral and 

intravenous fluids and insensible loss.

7. Record CD Instrument measurements prior to standing, if stand

ing to weigh is necessary.
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8. Discontinue testing the CD Ring unless accuracy of the measure

ment markings on the rings can be improved.

9. Change the CD Loop Instrument as follows prior to further 

clinical testing:

Replace the present tape with a more sensitive measuring scale 

to measure in 1/32 inch or a metric, millimeter tape.

Increase the stability of the instrument by resetting the 

scale so as to have an absolute zero point.

Reconstruct the instrument so that the scale can be read 

either by a left or right handed investigator without reading 

backward s .

Exchange the present metal clamp on the top of the instrument

with a clear plastic clamp to increase the ease of reading

the scale.

10. If the study is to be replicated with dialysis patients,

measurements need to be made for several hours after dialysis

to identify whether a time lag effect exists to detect fluid 

volume change.



APPENDIX A

HUMAN SUBJECTS COMMITTEE 

APPROVAL LETTERS
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T H E  U N I V E R S I T Y  O F  A R I Z O N A
T U C S O N .  A R I Z O N A  8 5 7 2 4
H U M A N  S U B J E C T S  C O M M I T T E E  T E L E PH O N E : 62M 721 OR 626-7575
ARIZONA HEALTH SCIENCES CENTER 2305

December 12, 1978

Ann Voda, Ph.D., R.N.
College of Nursing
Arizona Health Sciences Center

Dear Dr. Voda:

We are in receipt of Biomedical Engineering approval for the instrumen
tation utilized in your project entitled, ’’Instrumentation to Detect 
Fluid Volume Change." Full approval is granted effective December 12, 
1978, with the understanding that no changes will be made in the pro
cedures followed or the consent form used (copies of which we have on 
file) without the knowledge and approval of the Human Subjects Committee 
and the Departmental Review Committee. Any physical or psychological 
harm to any subject must also be reported to each committee.

A university-wide policy requires that all signed consent forms be kept 
in a permanent file in the Departmental Office to assure their access
ibility in the event that university officials need the information 
and the principal investigator is no longer on the staff or unavailable 
for some other reason. One exception involves the use of subjects who 
are hospitalized or outpatients. In such cases, the consent form or 
a summary of the experimental protocol must be filed with the patient’s 
chart in keeping with Professional Standards Review Committee require
ments.

Sincerely yours,

Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee 

MN :pd

xc: Ada Sue Hinshaw, Ph.D.
Departmental Review Committee
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' T H E  U N I V E R S 1 T Y O  F A R I Z O  N  A
" S' 1 V C S O S  . A R I Z O N A  i-' 5 7 2 4

' H I  M A \  S I B  J r. C  1 S  C  O  M M  ) T T  L E T E L E P H O N E :  626- 6721 O R  62(

A R I / U N  A 11L A M  11 n ("I1 \ (  LN C L M i  R

August 10, 1979

Ann Voda, R.N., Ph.D.
College of Nursing
Arizona Health Sciences Center

Dear Dr. Voda:

We are in receipt of your letter of July 31, 1979, and the modifications 
proposed for your study entitled, "Instrumentation to Detect Fluid Volume 
Change." Inasmuch as the modifications only entail the addition of a non- 
invasive loop measuring device which will measure changes in finger size 
attributable to fluctuations in body .water and modifications in the consent 
form which are consistent with the addition of this measuring device, 
reapproval is granted effective August 10, 1979.

Reapproval is granted with the understanding that no further changes will 
be made in the procedures followed or the consent form used (copies of 
which we have on file) without the knowledge and approval of the Human 
Subjects Committee and the College Review Committee. Any physical or 
psychological harm to any subject must also be reported to each committee.

A university-wide policy requires that all signed consent forms be kept 
in a permanent file in the College Office to assure their accessibility 
in the event that university officials need the information and the 
principal" investigator is no longer on the staff or unavailable for some 
other reason.

Sincerely yours,

Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee 

M N : pd

xc: Ada Sue Hinshaw, R.N., Ph.D.
College Review Committee



APPENDIX B

SUBJECT CONSENT FORM

Instrumentation to Detect Fluid Volume Change 

Ann Voda, Principal Investigator

I understand that Ann Voda, a registered nurse, is conducting a 
developmental study to test two mechanical instruments. The first in
strument will be worn like a ring, on the ring-finger. The second 
instrument is a device that contains a nylon loop which is placed around 
the finger. Upon release of a lever, the nylon loop fits snugly around 
the finger and a measurement is made on a scale built into the instru
ment. The purpose of the study, as I understand it, is that daily 
changes in body water may be measured by changes in these instruments.
I have been assured that both instruments are safe and in no way will 
there be pain or damage to the skin since the instruments are con
structed so as to measure changes in finger size (circumference) only. 
The mechanical devices are designed to measure changes in the finger 
(expansion and contraction) which are due to short-term gains or losses 
of body water. I have seen the mechanical models and understand the 
principles involved.

I further understand that since this is a developmental project, 
the lengthf of time that I will be asked to wear the ring-like instru
ment may vary and I am agreeable to do this»

I am fully aware that there are no risks associated with this 
project, that I will not receive any payment for participation in the 
project, that I am free to ask questions about the project at any time, 
refuse to participate in the project, or drop out at any time I wish 
without incurring any ill-will or disruption in my nursing care if I 
am hospitalized.

Finally, it is my understanding that confidentiality and anonymity 
of person and data will be maintained and that the data obtained will 
be used only for the project described. If the results of the project 
are published I understand that only coded data will be reported. I 
understand that the developmental nature of the project precludes any 
direct benefit from the project accruing to me. 1 do realize that the 
potential benefit will be to others who may be able to have water vol
ume monitored by a safe noninvasive method.
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I understand that this consent form will be filed in an area desig
nated by the Human Subjects Committee with restricted access to the 
principal investigator or authorized representatives of the College of 
Nurs ing,

I understand that in the event of physical injury resulting from 
the research procedures, financial compensation for wages and time lost 
and the costs of medical care and hospitalization is not available and 
must be borne by me. However, I understand that„the possibility of any
thing happening is extremely rare.

Date______________________Subject Signature

Date________  "____ Witness Signature
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