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ABSTRACT

Nurses are delegated the responsibility of monitor
ing fasting presurgical patients and few clinical nursing 
studies have been done to determine preoperative dehydration 
in these patients. This descriptive study was to determine 
preoperative dehydration as measured by body weight loss in 
orthopedic patients. Measurements utilized were height, 
weight, fasting time, oral intake, urine output, feces 
weight estimations, and insensible loss. Height and weight 
were used to calculate body surface area from which in
sensible loss was determined.

All ten subjects lost weight during the overnight 
fasting. Three subjects lost more than 2% of their initial 
body weight. The findings suggest that some of these 
patients enter the operating, room in an early stage pf 
dehydration. Nurses need more accurate assessment tools 
and instruments to monitor hydration state of fasting 
presurgical patients.
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CHAPTER 1

INTRODUCTION

Water, an inorganic nutrient, is second to oxygen 
insofar as its physiologic importance is concerned. A 
continual daily supply of this substance, in adequate 
quantity, is critical to survival of all forms of life.
Water is the medium of chemical and physical transport 
within the body; it serves as the milieu in which all of the 
metabolic reactions in the body take place; and it is 
essential to the process of thermoregulation as well as the 
elimination of metabolic wastes from the body. Water then 
may be considered as an indispensible nutrient. Life with 
its multitude of forms with varying physical and chemical 
processes could not exist in the absence of this compound 
(Jensen, 19.76)_.

Slight variations in the volume and/or composition 
of body fluids can generate disease processes. Diseases 
involving body fluids are called body fluid disturbances or 
body imbalances. Such disturbances may be primary, or they 
may occur secondary to other conditions. Every patient with 
a serious illness is a potential candidate for body fluid 
disturbances. Patients who„are moderately or mildly ill may

1

■ ' - A



also be stricken with one imbalance or a combination of two 
or more (Metheny and Snively, 1974).

Restricting oral intake for various periods of time 
in presurgical patients is a common event. The usual purpose 
is to minimize the volume of gastrointestinal contents there
fore decreasing the chance of aspiration of these contents 
when patients are anesthetized and recovering from surgery. 
When presurgical patients are restricted of all intake of 
solid and liquid foods including water, they are placed'in a 
position of being denied a vital substance for survival.

Although factors such as age, sex, body build, 
activity as well as food and fluid intake, and elimination 
habits are known to influence the metabolic rate and thus 
the amount of body water and rate at which it is lost, these 
factors are rarely considered when evaluating the possible 
results of an enforced "nothing by mouth" (NPO) routine in 
preoperative patients.

Statement of the Problem
During periods of enforced fluid deprivation, both 

sensible and insensible water losses are bound to occur.
The net result of the "nothing by mouth" (NPO) enforced 
routine is that all preoperative patients are in danger of 
entering surgery in a depleted fluid volume state. This 
study was designed to answer the following question: What
is the degree of dehydration (greater or less than 2% as



estimated by measured body weight loss) in adults 19-50 years 
old who are admitted to the hospital for an elective 
surgical procedure?

Significance of the Problem
Monitoring and enforcing the NPO routine is a re

sponsibility delegated to nurses. The length of time each 
patient is NPO varies according to the time the surgery is 
scheduled. A delay in surgery can result in the patient 
being NPO for longer time periods. A normal NPO period can - 
range from 6-14 hours or more. As a result, it is con
ceivable that some'patients go into surgery in an early 
stage of dehydration, pure water deficit, or approaching 
dehydration (Voda, 1977).

The most common method used by nurses to monitor 
hydration status is the intake and output record. According 
to Atwood Cl979)., the intake and output record is highly 
inaccurate because, from various studies, these data are 
mainly recorded from-estimations of recall of intake and 
output. Moreover, the intake and output records measure 
sensible fluid gains and losses only. When measured and 
tallied accurately, these records still cannot be used as a 
medical indicator for fluid replacements (Danforth, 1978). 
Yet, nurses faithfully follow the intake and output 
routines.



Voda (1977) and Scira (1979) found that accurate 
assessment of the patient with hydration and electrolyte 
problems is difficult at best, but it is from clinical 
assessment rather than laboratory values that evaluation of 
these patients is currently made. This is especially true 
in estimating the amount of body fluid, since there is no 
valid means of measuring total body water that needs to be 
replaced. Although complex isotope dilution methods have 
been developed to determine body fluid content, they are 
too expensive and time-consuming to be of practical use.

Purpose of the Study 
The purpose of this study was to estimate the level 

of dehydration as measured by body weight loss (greater or 
less than 2%) that occurs in adults (19-50 years old) who 
were scheduled for elective surgery during the preoperative 
fasting period.

The following assumptions were made.
1. All patients will lose weight on enforced NPO.
2. Younger persons (age: 19-30) will lose less body 

weight than older persons (ages: 31-50).
3. Female patients will lose more weight than male 

patients.
4. Patients with excessive adipose tissue will lose 

more- weight than persons with, less adipose tissue.



CHAPTER 2

CONCEPTUAL FRAMEWORK AND 
REVIEW OF THE LITERATURE

The conceptual framework was based on the following 
interrelated concepts and the physiology of body water 
balance, dehydration, and the function of anti-diuretic 
hormone in preventing dehydration. A selected review of the 
literature is presented to include both clinical nursing and 
medical studies of dehydration and to include those specific 
to the estimation of fluid volume changes by body weight 
loss.

Marriott (.1947) divided states of water depletion 
into three clinical phases. In the early phases,there is a 
deficit of about 2% of body weight or about 1500 ml of 
water. Thirst is definite, but other effects are not yet 
present. In the moderately severe dehydration which 
develops after 72-9.6 hours without water, there is great 
thirst, little salivary flow; a dry mouth; oliguria; and 
weakness. The patient appears seriously ill; there are 
early personality changes, but", he is capable of average
physical and mental effort. There is a.deficit of about

\6% of body weight", or 4200 ml of water.

5



6
Dehydration

Any net loss of water from the body can be in
cluded under the term dehydration. Deficit of water alone, 
which may be referred to as simple dehydration or hydropenia, 
results either from failure to replace the inevitable losses 
of water that occur by evaporation from lungs and skin, and 
in the excretion of even a maximally concentrated urine, or 
from failure of the regulatory and effector mechanisms that 
promote conservation of water by the kidneys. Dehydration 
may also be caused by combinations of inadequate intake and 
excessive loss (Vannetta and Fogelman, 1976).
i A volume deficit usually develops from a sudden de

crease in fluid intake, an acute loss of secretion and 
excretion, or a combination of decreased intake and increased 
loss. As secretion and excretion are depleted, they are re
plenished by water and electrolytes of the extracellular 
fluid, thus reducing their volume as well. With continued 
depletion of the extracellular fluid, water and electro
lytes are drawn from the cells, thus causing a deficit in 
the cellular fluid (Metheny and Snively, 1974). A person 
who has lost 2% of his body weight is in a state of primary 
water depletion or cellular dehydration (Marriott, 1950).

In very severe dehydration, all the foregoing
\manifestations are present plus diminution of physical and 

mental capacities; hallucinations and delirium are frequent.
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There is a deficit of 7 to 14% of body weight, or 5000 to 
10,000 ml of water (Bland, 1963).

When the patient is placed on NPO, body water de
pletion or primary dehydration due to obligatory sensible 
and insensible losses occur.. As this process continues, 
the electrolyte, concentration in extracellular fluid" (ECF) 
increases, causing this body compartment to become hyper
tonic or hyperosmolar. In order to maintain an isomotic 
state in all body compartments, water passes from the intra
cellular fluid (IGF) to the ECF via diffusion, resulting in 
a volume, hyperosmolar state (Jensen, 1976).

Metabolic disruption can occur when body water 
composition falls below the normal range. The ICF volume is 
relatively more fixed than the ECF one. Diffusion of water 
in these two compartments is continuous (Danforth, 1978). 
Normally, intake of fluid equals output; however when out
put exceeds intake, the body's water content is reduced, 
creating a negative water balance. The total amount of 
fluid lost from the fluid compartments will vary depending 
upon the cause of negative water balance, but a loss of a 
fourth of the body's water is usually fatal (Brobeck, 1973).

Dehydration can be defined as a pure water deficit 
(Danforth., 19.78)., Daily fluctuations in body weight are 
said to be closely associated with change in body water 
(Bland, 19.63)., Therefore, both intake-output record and
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body weight are non-invasive methods used by nurses to detect 
and/or assess body water change. : -

Mechanisms of Water Loss
Water loss from the body can be classified into 

either sensible or insensible loss. Sensible losses are 
water losses that can be seen, felt, and measured, including 
the byproducts of metabolisms in urine, feces, and sweat.
With restricted solid and liquid intake, as in the case of 
being NPO, catabolic processes continue. The resultant waste 
metabolites should be eliminated from the body in order to 
maintain the normal range of physiological equilibrium.
In NPO patients, the body excretes waste materials in a 
minimal volume of water. The minimal urine output required 
to eliminate the daily metabolic end products from the body 
is about 400 milliliters. This is done to conserve water 
and maintain an isosmotic state in the body fluid compart
ments (Guyton, 1976).

In defecation, sensible fluid is also lost. Jensen 
(1976) measured the average total weight of daily feces as 
250 grams, of which 70% or 175 grams was water. Ganong 
(1975). estimated that water constituted 75% of the total 
stool weight.

Sweating, another source of sensible water loss, is 
a function of thermoregulation. It is initiated when the 
environmental temperature exceeds 82.4°F to 86°F, or when



the body temperature reaches or exceeds 98.4°F, accompanied 
by a fever and autonomic nervous system, stimulation.
Sweating is extremely difficult to measure though it can be 
seen and felt. The maximal rate of sweating that can occur 
is estimated at two liters per hour (Metheny and Snively, 
1974).

Insensible loss is loss of body water by evaporation
from the lungs- and by diffusion through the skin (Brebner,
1956). Such losses occur the same as sensible losses when 
intake is restricted. They can be measured directly with 
very sensitive electronic equipment or invasive radioiso
tope dilution procedures. Clinically, the use of momo- 
grams of body surface area (BSA) can estimate the loss more 
accurately.

Gump et al. (.1968) used body weight changes in 
measuring insensible loss. The average insensible weight 
loss of 20 afebrile hospitalized surgical patients was

ofound to be 23+ 7.7 grams/hr/m /BSA.
In measuring insensible water loss, Hayes (1956)

divided the subjects into a control group (N = 20) 'of
healthy medical students and experimental group of afebrile
postoperative first-day patients. Both groups lost an
average of 750 -ml water per square meter of BSA per 24

2hours (75 0 ml/m /BSA/24 hr). No apparent difference between 
the fasting normal and fasting traumatized subjects was. 
found. •



Anti-Diuretic Hormone
The role of this hormone in the overall mechanism 

involved in water conservation by the body is discussed. 
Located within the supraoptic nuclei of the anterior hypo
thalamus outside of the blood-brain barrier are certain 
specialized neural cells which are extremely sensitive to 
alterations in the concentration of the extracellular fluids. 
Since these cells respond specifically to changes in the 
osmolality of the fluid surrounding them, they are termed 
osmoreceptors. If the osmolality of the extracellular 
fluids increases (i.e., becomes relatively more hypertonic), 
the cells shrink, as water moves from them by osmosis, and 
their rate Of impulse discharges increases. Conversely, if 
the intracellular fluid volume decreases (i.e., becomes more 
hypotonic), these cells swell as water moves into them, 
again by osmosis, and their discharge frequency decreases.
The impulses arising within the osmoreceptor cells of the 
supraoptic nucleus then are transmitted through the 
pituitary stalk into’ the posterior pituitary gland where, 
depending upon their frequency, they stimulate or depress 
the secretion of - anti-diurectic hormone.

Anti-diuretic hormone (ADH) is transported in the
blood stream to the locus of action in the distal nephron.

\
Consequently, a sophisticated feedback mechanism controls 
the rate of water absorption by the distal nephron. An 
elevated ADH level increases the permeability of the
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epithelial cells to water; more water is reabsorbed, a 
relative hemodilution ensues, and this in turn decreases the 
frequency of the impulses generated by the hypothalamic 
osmoreceptor cells so that ADH secretion diminishes.

The opposite situation holds when a relatively 
greater volume of water is present-, such as after taking a 
large drink of water. In this situation, hemodilution 
causes inhibition of the hypothalamic osmoreceptors. ADH 
secretion by the pituitary.is decreased so that less water 
is absorbed from the distal nephron, and polyuria Cor 
diuresis) results. Therefore, ADH is secreted at a rate 
that is in direct proportion to the osmolality of the 
extreme cellular fluids of the body, in particular the blood 
and the mechanism which underlies its-secretion is ex
quisitely sensitive to -minute changes in osmolality (Jensen, 
19.76)..

In mapping the ADH response in surgery, Moran and 
Zimmermann (.1967). obtained blood samples from eight, sex- 
unidentified surgical patients during various phases of the 
operative procedure: preoperative recumbent phase, over
night fasting to intubation of anesthesia, labile phase, and 
recovery- The average.ADH secretion in the recumbent phases 
which was 0.6 pU, rose to 1.7 pU in the preoperative fasting 
phase (Moran and Zrmmermann, 1967). High levels of ADH 
measured in both, the intraoperative and postoperative period 
suggested that ADH-induced.fluid retention begins in the



fluid-deprived preoperative period. This response is very 
important to the post-surgery ADH secretion. The osmo
receptor system in the supraoptic nucleus of the hypothalamus 
is supposed to control plasma tonicity and to stimulate the 
ADH secretion (level ranging from 0.05 to 6 p,U) in the NPO 
period.

In studying the post-surgery fluid and electrolyte 
changes, Hayes (1968) postulated that any type Of injury 
would stimulate an ADH response which probably originated in 
the posterior pituitary gland,and was not subjected to the 
usual feedback control.; He concluded that such inappro
priate ADH release was compulsory under the influence of 
higher hypothalamic centers. As a result, oliguria is 
expected after injury or surgery, -irrespective of copious 
intravenous infusion.

Body Weight and Body Water.
In humans, 60 to 70% of body weight is composed of 

water, while 30 to 40% of body weight is composed of solids. 
It is important to realize, however, that these figures 
apply to the "ideal" man, and that there are tremendous 
variations between age and sex (Jensen, 1976).

Water and electrolytes (i.e., body fluids) are dis
tributed between two fluid compartments: the intracellular
fluid compartment (IGF) and the extracellular fluid compart
ment (ECF). Seventy per cent of total body water is
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normally within the cells or in the IGF compartment, while 
30% of total body water is located outside the cells in the 
ECF compartment- Twenty-four per cent of the water in the 
ECF compartment'occupies the tissue spaces (interstitial 
water), while 6% appears in the vascular space as plasma.
The fluids contained within the intracellular and extra
cellular compartments are not static but move freely between 
the cells, the plasma, and the tissue spaces. Despite the 
interchange between compartments, each type of compart- 
mental fluid has its. own particular functions; The intra
cellular fluids provide the cell with the internal aqueous 
medium for its chemical functions. The extracellular fluids 
serve as the body's transportation system, carrying water, 
electrolytes, nutrients, and oxygen to the cells and re
moving the waste products of cellular metabolism.

Extracellular fluid is composed of interstitial 
fluid, plasma, and trancellular fluids. Interstitial fluid 
lies outside both the vascular space and the cells. It 
provides the cells with the external medium necessary for • 
cellular metabolism. Plasma, which contains colloids or 
plasma protein, is the liquid part of the blood. The red 
blood.cells and plasma maintain ; vascular volume. Trans-
cellular fluids are. the body's secretions and excretions;

\
e.g., gastrointestinal juices, cerebral spinal fluits, and 
urine (Luckmann and Sorensen, 197 6).



Body Water, Body Shape, and Age 
In adults, the variations of body water distribution 

are due mainly to the amount of fat present, because fat is 
an essentially water-free compound. Consequently, a thin 
individual will have more fluids or water per pound of weight 
than a fat individual. In regard to sex differences, a 
woman contains a smaller percentage of fluid in relation
ship to her total weight than does a man. This is because 
a woman's body is composed of a larger amount of fat than a 
man, who has more lean body mass. It is estimated that the

z  * ■normal female body contains 50-54%':water and 4 6-50% solids.
Finally, the percentages of fluid present in the bodies of
infants and children are in marked contrast to body composi
tion of adults and aging persons. The percentages of body 
water decrease with age. No differences appear between the 
male and female until late adolescence or early adulthood, 
when the female body because of puberty increases in the 
proportion of fat and at the same time, decreases in the 
proportion of body water (Jensen, 1976).

To calculate accurately the value for total body 
water is difficult because the lean tissue mass rather than 
weight determines it. Body water in an obese person is a
lower percentage of body weight than a lean person (Brobeck,

\19.73)_. Total body water content decreases significantly 
with age, which is due to an intracellular water decrease
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from 30.5% to 21.5% associated with tissue loss in the aging 
process (Bertoloni, 1969; Shock, 1961).

Body Surface Area.
Body surface area represents a quantitative, 

approximate index of total body metabolic activity. DuBois 
and DuBois (1915) used covering and geometric methods to 
measure adult body surface area. .Mathematical computations
for deriving surface nomograms and area and volumes of 
cylinders are the same (Snively, 1957).

The DuBois nomogram is quite accurate for clinical 
use. The nomogram is designed as a diagonal line drawn 
through calibrated marking of a patient's height and weight. 
The line intersects at a specific point in the body surface 
area in square meters.

Insensible water loss increases with body surface 
area (Hutchin, 1971), and in addition insensible water loss 
increases with metabolic accelerator factors such as 
elevated body temperature (Hayes, 1968).

Urine Specific Gravity 
Clinically, it is far easier to measure the specific 

gravity of urine with a hydrometer than to determine its 
osmolality, although both techniques are in current use.
It is important to remember, in interpreting alterations in 
specific gravity of a solution, that both the kind as well
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as the concentration of the solute are contributory factors 
(Jensen, 1976)•

The physiological indicator measurement indicates 
the amount of dissolved solids in excreted urine. Normally, 
the state of hydration is reflected by urine volume and its 
specific gravity and can be assessed by taking a specific 
gravity urine reading. In healthy persons, a concentration 
with a high specific gravity (about 1.030) signifies a water 
deficit. A dilute urine sample implies adequate hydration 
or a possible overhydrated state (Haertel, 1978).

Clinical Studies on Dehydration 
Three clinical nursing studies investigated the 

phenomena of preoperative dehydration and fasting weight 
loss.

.Voda (1977) studied the preoperative fasting weight 
loss of 40 elective"isurgical patients which consisted of 
16 males and 24 females with ages ranging from 17 to 82.
All subjects lost weight. Eight of the 40 subjects (20% of 
the sample) lost more than 2% of their initial body weight.
Six of these subjects were 60 years or older. There was no
correlation between body surface area and weight loss.

In studying the fasting weight loss of elective
surgical patients of 60 years or older in a southwestern
hospital, Danforth (1978) selected a sample which was com
posed of six men and four women. Body weight measurements
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were used as a major indicator of fasting fluid losses. One 
subject lost more than 2%uof his admission weight, indi
cating an early stage of dehydration.- The remaining nine 
subjects lost a considerable amount of body weight during 
the overnight fasting. The weight loss for all subjects 
ranged from 0.8 to 5.3 pounds. Danforth concluded that 
weight loss was related to the size of her subjects. Tall 
and heavy subjects lost the most weight. No positive 
relationship was found between the number of hours being 
NPO and the amount of weight loss. She also postulated that 
the greater fluid loss of the elderly NPO subjects might 
relate to the frequency of major operations.

Haertel (1978) studied the fasting weight loss of 
patients admitted for vaginal and abdominal hysterectomies. 
The sample consisted of ten female elective surgical 
patients, selected from clients with no preexisting chronic 
illnesses of cardiac, renal, adrenal, or liver disease.
The data consisted of admission and presurgical body weight 
measurements, measurements of sensible intake and output, 
and estimated measurement of insensible output based on body 
surface area. Data analysis indicated that all subjects 
lost weight during the overnight fasting. Two subjects who
lost more than 2% of their initial body weight had a short

xand overweight body build or excessive adipose tissue.
The above studies suggest that some preoperative 

surgical patients entered the operating room in an early
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stage of dehydration. Further work is needed for identifying 
and monitoring the hydration state of patients in the early 
stage of dehydration.

I



CHAPTER 3

DESIGN'AND METHODOLOGY

This chapter presents the design and the method
ology that was used to study the phenomena of preoperative , 
dehydration and fasting weight loss in preoperative surgical 
adult patients. A description of the sample, the protec
tion of human rights, a discussion of the measurements, and 
estimations obtained are presented. .The means of data 
analysis and limitations of the study are also discussed.

Design
A descriptive design was used to determine the 

degree of body weight loss in preoperative NPO adult 
patients because few clinical nursing studies were found in 
the literature. Moreover, nurses are delegated the re
sponsibility to monitor these patients prior to surgery.

Setting and Sample
The data collection was done by the investigator on 

surgical units in a southwestern teaching hospital. . A 
purposive sample of ten adult surgical patients in the study 
who net the following criteria for sample selection were 
•included in the study and are as follows;

1, Age; rnale and female, 19 to 50 years old.
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2. The subject entered the hospital as an elective 

surgical patient. Subjects with preexisting chronic 
illnesses of cardiac, renal, adrenal, liver, pan
creatic, metabolic, neurological, and cancer dis
orders were not included.

3. The subject had been determined to be a good 
surgical and medical risk.

4. The subject had not been receiving or was not taking 
diuretics.

5. The subject whose diagnosis did not require pre- 
surgical cleansing enemas.

6. The subject was able to speak, read, and write 
English.

7. The subject had not undergone a surgical procedure 
in the past six months.

8. The scheduled surgery required general anesthesia.

Protection of Human Rights 
The study was approved by The University of Arizona 

Human Subjects Committee (Appendix A) and the Department of 
Nursing, University Hospital (Appendix B).

The^human rights aspect of this study was addressed 
in the following manner.

1. The investigator explained the purpose of the study 
and what was required of each participant.



2. The subject was given the right to refuse to partic 
pate in the study.

3. The subject was informed that the results of this 
study would be published but that their identity 
would remain anonymous.

4. The subject was informed that he/she could withdraw 
from the study at any time without prejudice.

5. The subject was advised of the cost, benefits, 
demands, and risks of the study.

6. The investigator obtained the written consent of 
each subject using the form shown in Appendix C.

Data were coded so that the subject's identity was 
protected, and analysis was done through the use of a 
computer and again -coded to maintain confidentiality. The 
data were available to the principal investigator and the 
thesis committee, College of Nursing.

Data Collection 
Upon admission to the study, the age, sex, and type 

of surgery were recorded. The height and weight of the 
subjects were also completed. The room temperature and 
humidity were measured, and lastly, an intake and output 
record was initiated.



Measurements

Weight. Prior to the study,.the Bio Detecto Scale.
(A 06662) was calibrated by official weights'obtained from 
the Department of Weights and Measures, the State of 
Arizona (Fairbank weights, #647, 651, 633, Kit #119167, 
accuracy + 5 grains). The scale was calibrated before data 
collection for each subject. The body weight was measured 
in kilograms up to the nearest 0.1 kg.

To ensure accuracy, specific protocols were followed 
during the weighings. The scale was calibrated by the 
investigator. The same clothing was worn each time by the 
subjects. The subjects then emptied their bladders prior to 
each weighing. All jewelry and articles— dentures, glasses, 
etc.— were removed. All subjects stood in the same place 
marked by a horizontal tape on the scale throughout the 
study. Each subject placed the tips of his/her toes at the 
top edge of the tape and their weight was then measured and 
recorded. For the female subjects, a hospital down was worn 
while the male subjects wore a hospital gown and hospital 
pants.

Four weights were taken on each subject: upon
admission to the study, after the evening meal, before each 
subject retired and/or the.NPO period commenced, and 
immediately prior to going to the operating room.
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Height. The height of each subject was measured in 

centimeters on admission, using the Bio Detecto Scale 
described above. All subjects stood in bare feet and 
measurements were recorded to the nearest 0.25 cm. This was 
also used in the calibration of body surface area,

Body Temperature. The La Barge Electronic Oral 
Thermometer" Model ET-12: S/N 11670 was calibrated by a
Digitec Thermometer (made by United System, Dayton, Ohio, 
Model 5810, Serial No. 51260505). and an Aqua Therm Water 
Bath Shaker (made by New Brunswick Scientific, Edison, New 
Jersey, Model G-86-871092).

Body temperature was recorded in centigrade to the 
nearest Q.1°C with each weighing using the same electronic 
thermometer. The subject was asked to.refrain from oral 
intake and smoking 10 minutes prior to each oral temperature 
measurement.

Environmental Temperature and Humidity. The env 
vironmental factors were measured by a Wet-Dry Bulb 
Cyclometer" (made by Bacharach, Pittsburgh, Model L624-3-098) 
to the nearest 0.25°C with each weighing. The instrument 
was calibrated as above.•

Urine Specific Gravity. This factor was measured 
on hospital admission or the first voiding after admission 
to the study and on each voiding, using the Adams Midget



urinometer (Model 1525, Lot 022880, made by Beeton, 
Dickinson and Company, Parsippany, New Jersey) which was 
calibrated in 0.001 "units. The readings were taken at eye 
level on a flat surface.

Intake and Output. Measurements of all sensible 
fluid entering and leaving the body plut estimations of in
sensible water loss from the time of admission until, just 
prior to going to the operating room were measured and 
recorded by the investigator. All sensible liquid was 
precisely measured to the nearest 0.5 ml using graduated 
laboratory cylinders. All readings were done on level 
surface at eye level.

All dinner, tray materials excluding silverware and 
condiments were weighed with the body weight scale before 
and after each subject had eaten to ensure accuracy of the 
sensible intake record.

Finger Measurements. After each weighing, subjects 
were directed to-a chair with arm supports. The following 
protocol (Scira, 1979). was adhered to using a circumdigital 
loop developed by Voda (1978).

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 ensure consistency.

2 . The index finger (finger 1), the middle finger 
(finger 2)., and the ring finger (finger 3) were all
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touched lightly 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.

4. Measurements were made on the three fingers in the 
same manner each time. A total of nine measurements 
were made on each subject's dominant hand on fingers 
labeled 1, 2, 3 in the same manner.

5. The calibrated device was placed around the finger, 
allowing to gently encompass the finger with a 
release of the lever at the sight of the black 
marking. A gentle rocking motion of the instrument 
by the investigator was required to.achieve this 
position.

6. Measurements were taken with the investigator 
sitting on a stool in front of the subject looking 
down onto the instrument.

Estimations: Criteria Used to Estimate f
Insensible Water Loss

1. Body surface area was estimated and recorded to the 
nearest 0.01 units using the DuBois and DuBois 
(1915). nomogram.

\2. Insensible loss was calculated using Hayes (1956)
2formula (750 ml/m /SA/24 hr) to the nearest 0.01 ml.



3. Water loss in feces using Jensen (.1276); i.e.,
75% of total stool weight.

Time of NPO to operating room was recorded in hours 
and minutes.

Data Analysis 
The dependent variable, dehydration as measured by 

body weight loss, was analyzed with the following independent 
variables; fasting weight loss, age, length of NPO time, 
insensible loss, and intake and output. Multiple regression., 
variance, and Pearson correlation were used in data analysis.

Limitions of Study
1. Sample size is small.
2. The study, was conducted in one hospital only.
3. Age range of the sample may be of large variation.
4. "Varying preexisting health of the subject.



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

This'chapter presents the raw data and the statis
tical analysis. The sample population consisted of two 
females and eight males, ranging in age from 19 to 4 9 with 
a mean of 28.7 years. They all underwent their scheduled 
surgeries which were orthopedic in nature. Table 1 presents 
the demographic data of the sample, including the age, sex, 
and the type of surgical procedure performed.

Weight Loss
In this study, the body weight of the subjects 

ranged from 49.625 kg to 103.125 kg with a mean of 73.996 
kg. All subjects lost weight and three of the ten subjects 
lost more than 2% of their pre-fasting weight. The weight 
loss range for the sample (N = 10) were -1.221% to -2.483% 
with a mean of -1.648%. Three subjects who lost more than 
2% of their body, weight were: -2.485% for subject number
fiye, -2.000% for subject number eight, and -2.166% for 
subject number nine, respectively. Table 2 illustrates the
sample in terms of age, sex, average body weight and height,

\the four body weights taken in the study, percentage of 
weight loss, estimated body surface area, and the length of 
"nothing by mouth" time period and the means.

27
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Table 1. Sex, Age, and Type of Surgery (N = 10)

Subject Sex Age Type of Surgery
1 F 28 Open reduction, internal fixation, and 

repair of ligament of right ankle
2 M 22 Left knee medial men-isectomy
3 M 23 Right Bankhardt Procedure
4 M 22 Open reduction and internal.fixation of 

left tibia
5 M ' 19 Swanson radial head implant of right 

elbow
6 M 49 Right knee menisectomy
7 M 38 Right tibial osteotomy
8 F 42 Right synovectomy
9 M 23 Left shoulder ligament repair

10 M 21 Left ankle arthrotomy with ligament 
repair



Table 2. Sex, Age, Height, Weight, Weight Loss, Body Surface Area, Fasting Time
. (N = 10)

Body Fasting
Height Average Wt Wt Wt Wt Wt Loss Surface Time

Subject Sex Age (in cm) Wt (kg) 1 2 3 4 (in %) Area in (hr)

57.4 56.4 -1.742' 1.56 8.0

62.1 61,2 -1,449 1.75 7.0

1 F 28 155.25 56.975 56.5 • 57.6

2 M 22 175.0 61.975 62,2 62.4

3 M 23 175.75 70.788 71.6 71.65

4 M 22 165.75 65,438 65.76 65.8

5 M 19 160,65 60.275 59..8 60,6

6 M 49 170.70 99,775 99.6 100.0

7 M 38 190.20 93.788 93,75 94.5

8 F 42 170.4 49,625 49.5 50.0

9 M 23 190,2 78,20 78,7 78.8

10 M 21 175.3 103.125 1035 1035

70.4 69.5 -1.278 1.86 10.0

65.5 64.7 -1.221 1.70 9.5
1

60.4 60.3 -2.483 1.62 6.75

100.3 99.2 -1.097 2.15 9.0

94.2 •92.7 -1.592 2.21 10.5

50.0 49.0 -2.000 1.58 9.0

78.5 76,8 -2.166 2.06 9.0

1035 1020 -1.449 2.18 12.0



Nothing By Mouth (NPO) Period 
This measurement of fasting time was started when 

the subject-retired or when the prescribed NPO began. The 
NPO time for the population ranged from 6.75 hours to 12 
hours with a mean of 9.075 hours (see Table 2).

Body Surface Area (BSA) and Insensible Loss
The results of estimated BSA and calculated inr-

sensible loss are presented in both Tables 2 and 3. The
2 2measurement of BSA ranged from 1.56 m to 2.15 m with a

2mean of 1.867 m . The insensible loss of each subject was 
calculated individually with BSA and the length of time on 
NPO ranged from 341.7 ml to 817.5 ml with a mean of 537.15 
ml.

Intake and Output 
Table 3 presents oral intake, dinner tray weight 

changes, and output which included urine, feces weight, and 
insensible loss. The last column of the table shows the 
balance of total intake (1^ + I ) minus urine (0̂ ) and feces 
weight (O2)•

The range of oral fluid intake was 89 0 ml to 1450 
ml, with a mean of 1276 ml. The dinner tray change ranged
from 0.2 kg to 0.9 kg with an average of 0.562 kg. The

\
urine output for the sample ranged from 725 ml to 1985 ml 
with a mean of 1095 ml.. Only three of the ten subjects had 
one bowel movement each. Feces weight estimation ranged



Table 3. Oral Intake, Dinner Tray Weight Changes 
Estimation, Insensible Loss (All in ml

, Urine 
Except

Output, Feces 
02 in kg) (N =

Weight
10)

Subject
Intake Output Insensible Balance

Oral 1^ Tray Change Ig Urine 0^ Fece Og Loss Il+I2-01"°2
1 1450 1.0 1020 0.0 389.9 +430

' 2 1390 0.47 1240 0.1 382.8 +50
3 940 0.45 1100 0.1 581.2 -260
4 1440 0.30 1985 0.0 504.7 -545
5 1270 0.7 1005 0.5 341.7 -235

* 6 1170 0.6 725 0.0 604.7 +445
7 1010 0.6 900 0.0 725.2 • +110
8 950 0.4 1000 0,0 444.4 +50
9 1090 0.2 675 0,0 579,4 + 415

10 890 0.9 1300 0.0 817.5 -410
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from 0.1 kg to 0.5 kg with a mean of 0.23 kg. The calculated 
insensible loss ranged from 341.7 ml to 871.5 ml, averaging 
537.15 ml. The balance of total intake minus urine and feces 
weight ranged from +50 ml to - 54 5 ml.

Oral Temperature, Room Temperature, 
and Room Humidity

None of the subjects in this study were febrile and
the range of oral temperature changes ranged from +0.00271%
to -0.0411% with a mean of -0.00932%. The room temperature
change ranged from +2.6% to -3.9% with an average of +0.25%.
The room humidity change ranged from +39.1% to.-8.0% with an
average of +12.4%. Table 4 presents these data.

Urine Specific Gravity 
All subjects were asked to empty their bladder 

prior to each weight measurement. Specific gravity readings 
were taken at each voiding from the beginning of the study 
to just prior to going to the operating room. All subjects 
voided at least twice in this study. Table 5 shows the data 
with a range of specific gravity change of +0.0079% to 
-0.0147%, averaging -0.0039%.

Finger Measurements 
These measurements were taken according to the 

protocol described in the methodology section. Of the 30 
averages of finger measurements taken at each weighing, 12 
showed no change. The rest changed within a range of



Table 4. Oral Temperatures, Room Temperature, and.Room Humidity (N = 10)

Sub
ject

Oral Temperature 0C Room Temperature °F Rooirt Humidity

°1 °2 °3 °4
-3% 10 J Rl R2 R3 R4 % HI H2 H3 H4 %

1 37.1 36.8 36.9 37.0 +2.71 . 77 78 76 78 . +2.6 21 22 23 25 +8.7
2 35.7 36.4 35.9 35.5 «—Ii—1 i—1f 79 78 78 78 0 22 22 22 25 +13.6
3 36.8 36.4 36.7 37.0 + 8.17 77 75 76 76 0 21 22 23 32 + 39.1
4 36.8 36.8 36.8 35.9 -24,4 78 76 75 7.6 + 1.3 28 29 31 32 +3.2
5 36.4 36.4 36.6 36.3 -8.19 77 75 74 74 0 31 28 27 34 +25.9
6 36.0 36.5 36.5 35,0 -41.1 78 76 75 77 +2,6 41 43 51 53 +3.92
7 36.0 36.4 36.0 36,0 0 72 72 76 73 —3,9 61 46 47 44 — 6.38
8 35.8 35.8 36,0 35,8 -•5.55 73 73 73 72 -1,37 50 50 ' 50 46 — 8.0
9 37.1 36.5 36. 5 36,2 -8,21 76 77 78 78 ' 0 41 39 37 43 +16.2

10 36.5 36.8 36.2 36.0 -5.52 77 77 77 78 +1.3 38 36 36 46 +27.7

00
CO



Table 5. Urine Specific Gravity (N = 10)

Subject
Time •

% in 10~3Admission 1800 2000 2200 2400 Prior to OR
1 1.015 1.020 +4.9
2 1.015 1,018 1.010 -7.8
3 1.010 1.012 1.020 +7.4
4 1.021 1.015 1.005 1.005 1.010 +4.9
5 1.020 1.008 -11.7 .
6 1.020 1.020 1.005 -14.7
7 1.015 1.007 -7.8
8 1,010 1.005 ' -4.9
9 1.020 1.015 \ "4 o 9

10 1.020 1.015 — 4.9

1 0 .
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+0.499% to -1.010%, averaging -0.141% all in 10 ^. Table 6 
illustrates the data collected relating to finger measure
ment s.

Statistical Analysis 
Since few changes were found in oral temperature, 

room temperature, room humidity, urine specific gravity, 
and finger measurements, only the variables of weight loss, 
intake, output, body surface area, insensible loss, and 
fasting time were analyzed to ascertain their relationship.

The correlational matrix of weight loss, intake, 
output, BSA, insensible loss, and NPO time are presented in 
Table 7. Weight loss had positive correlations with all 
other variables except NPO (fasting) time period. Of these 
variables, output had the highest correlation, +0.768; 
then BSA, r = 0.645; followed by insensible loss and intake 
in descending order. NPO time period and weight loss had a 
r = -0.445 which indicated that the relationship is quite 
independent of othe another.

Intake and output had a r = +0.695 but intake had 
negative correlation with BSA, NPO time, and insensible loss. • 
Output had negative r with BSA, insensible loss, and NPO 
time. BSA had a fairly high r = +0.768 with insensible loss 
\and a negative one of r = -0.231. Finally, insensible loss 
correlated NPO time with a r = -0.146.



Table 6. Measurement of Digits (N = 10)

Subject Mean M1 M2 M3 - m 4 % in 10 3
1 Ring 1 

2 
3

62 1/16 
62
61 14/16

62
61 14.5/16 
61 14/16

6 2
61 15/16 
61 13/16

61 15/16
62
61 14/16

-1.009
+1.008
+1.010

2 Ring 1 
2 
3

62
61 15/16 
61 12/16

61 14/16 
61 14/16 
61 13/16

61 15/16 
61 15/16 
61 13/16

61 14/16 
61 14/16 • 
61 12/16

-1.010
-1.010
-1.012

3 Ring 1 
2 
3

62 
62 2/16 
61 15/16

62 2/16 
62 0.5/16 
61 15/16

62 2/16 
62 2/16 
62

62 1.5/16 
62 1.5/16 
62 1/16

-0.503
-0.503
+1.007

4 Ring 1 
2 
3

62 2/16 
62 1.5/16 
61 15.5/16

62 
62 1/16 
61 15/16

62
62
61 15/16

62 
62 
62 .

0
0

+1.007
5 Ring 1 

2 
3

61 15/16 
61 15/16 
61 11/16

61 15/16 
61 14/16 
61 10/16

61 14/16 
61 15/16 
61 11/16

61 15/16 
61 15/16 
61 11/16

-1.009
0

• 0
6 Ring 1 

2 
3

62 11/16 
62 10.5/16 
62 9/16

62 10/16 
62 10/16 
62 8/16

62 11/16 
62 11/16 
62 9/16

62 11.5/16 
62 11/16 
62 9/16

+0.498
0
0

7 Ring 1 
2 
.3

62 11/16 
62 9/16 
62 6/16

62 10/16 
62 7/16 
62 6/16

62 11/16 
62 8/16 
62 6/16

62 9.5/16 
62 8/16 
62 7/16

+0.499
0

-1.001
8 Ring 1 

2 
3

62 4/16 
62 2/16 
61 14/16

62 4/16 
62 4/16 
61 15/16

62 4/16 
62 5/16 
62

62 4/16 
62 4/16 
61 15/16

0
0

-1.008



Table 6.— Continued

Subject Mean M^ • M2 M3 M4 % in 10 3
9 Ring 1 62 6/16 62 7/16 62 7/16 62 7/16 o2 62 6/16 62 7/16 62 7/16 62 7/16 0

3 62 4/16 . 62 6/16 62 7/16 .62 6/16 -1.008
. 10 Ring 1 62 11/16 . 62 11/16 62 10/16 62 11/16 +0.998

2 62 9/16 62 10/16 62 9/16 62 10/16 +0.999
3 62 7/16 62 8/16 62 8/16 62 8/16 0



Table 7. Correlational Matrix of Variables:'Weight Loss, Intake, Output, Body 
Surface Area, Insensible Loss, and Fasting Time

Weight . 
Loss Intake Output

Body'Surface 
Area

Insensible Fasting 
Loss Time

Weight Loss
Intake +0.158
Output +0.76 8 +0.695
Body Surface Area +0.645 -0.159 -0.254
Insensible Loss +0.491 —0.362 -0.216 +0.768
Fasting Time -0.445 -0.311 -0.121 -0.231 —0.146 ——



CHAPTER 5

DISCUSSION OF FINDINGS

All subjects (N = 10) in this study lost weight fol
lowing their presurgical fasting period. Three subjects 
lost more than 2% of their weight, two male and one female. 
The profiles of these three subjects are as follows. Subject 
number five lost the most weight in this group; he was also 
the youngest and being NPO the least amount of time, only 
6.76 hours. The second male subject (number nine) lost 
2.166% but he was one of the two tallest in the population. 
He was NPO for 9.0 hr which was just below the mean of 9.075 
hours. Subject numbed; eight was a female who lost 2% Of her 
weight and it might be very likely that she was a few days 
prior or after her ovulation period, hence more body fluid 
changes.

The other female (subject number one) only lost 
1.742% in the study but she was 14 years younger than 
subject number eight. The two older male subjects; number 
seven (age 38) lost 1.592% of his body weight after.NPO for
10.5 hours; while subject number six (age 49) lost the least 
weight in the study. Among the subjects who were placed on 
NPO beyond ten hours, all were male and they lost weight 
below the mean of this study.
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The hydration state of the subjects prior to admis

sion to the study could not be assessed hence the balance 
of the intake and output record did not approximate one 

- another. Moreover, how much of ingested food was fluids 
and percentage of the fluid that was assimilated into body 
were not calculated. Nonsignificant changes were found in 
oral temperature, room temperature, and room humidity.

A concentrated urine with a high urine specific 
gravity was expected to be evident after being NPO. Only 
30% of the subjects showed such changes. This challenges 
the accuracy of using urine specific gravity as a hydration 
indicator as believed.

All subjects voided at least twice during this 
study. Sixty per cent of the sample (N = 10) voided twice 
while 30% voided three times and one subject (number four) 
voided five times. All subjects had a specific gravity 
within the normal range of 1.003 to 1.030. Moreover, en
vironmental temperature, stress, and oral intake prior to 
a reading can falsely increase specific gravity values. 
Therefore, the data obtaine for this measurement should be 
considered to be less than significant.

The circumdigital loop device did not correlate 
significantly with changes in size of the digits measured.
The measuring tape of this device is made of plastic which 
is subject to environmental temperature changes. The device 
measures only percentage changes and the metal clamp on top.
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obscured the measuring tape. But the device may very well 
be developed into an accurate non-invasive instrument for 
nurses to assess hydration states of their patients.

Conclusion and Implications 
All subjects in this study lost weight after being 

NPO at different lengths of fasting time. This finding is 
consistent with other clinical nursing studies which were 
discussed in the review of the literature. Three subjects—  
one adolescent nale, one premenopausal female (phase un
known) , and one male with the largest surface area— lost . 
more than 2% of their body weight. Therefore, the following 
implications are drawn from the findings to help nurses more 
accurately assess the hydration state of presurgical NPO 
patients. j

1. Develop an assessment tool for clinical observation 
which includes items such as body surface area, age, 
developmental stage, and menstrual phase.

2. Develop a. clinical assessment instrument such as 
circumdigital loop with improved sensitivity using 
and electronic or electromagnetic beam to measure 
the diameter or circumference changes in the digits.

3. Develop and/or refine an intake and output record 
procedure which takes into account the water content 
of ingested food and percentage of food which is
■metabolized into body water.'



Recommendations for Further Study 
Select a larger sample size- of at least 50 subjects 
randomly selected so as to stabilize the statistical 
analysis of collected data.
Select normal well subjects; e.g., healthy college 
students, to serve as a"baseline population.
Select a sample with narrow age- range and matching 
number of male to female to increase the homogeneity 
of the sample.
To continue testing and refine the circumdigital 
loop device:
a. select a more sensitive method to measure the 

digit as mentioned above;
b. replace the present metal clamp with a clear 

plastic one to increase the ease of reading the 
scale on the instrument.

Replicate the study with subjects other than ortho
pedic patients, such as major G.I.
Utilize a more sensitive body scale such as 
electronic digital one with accuracy up to 0.001 kg.



APPENDIX A

HUMAN SUBJECTS COMMITTEE APPROVAL LETTER

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  K 5 7 2 4
M I M A S  S U B J E C T S  C O M  M i l l  I F  
ARI ZONA h f a i  i h  sen m  i s  c e n t f r  :.vi>

T E L E P H O N E  62M>-721 OR 62fc-1?75

7 April 1980

Allen M. Tang, R.N.
P.O. Box 1287 
Tucson, AZ 85702

Dear Mr. Tang:

Thank you for submitting a revised consent form for your project 
entitled, "Estimation of Pre-operative Dehydration in Adult Surgical 
Patients Using Body Weight Method". The Human Subjects Committee concurs 
with the opinion of your College Review Committee that this is a minimal 
risk project. Therefore, approval is granted effective 7 April 1980.

Approval is granted with the understanding that no changes will be 
made to either the procedures followed or in 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 subject consent 
forms be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure their 
accessibility in the event that university officials require the informa
tion and the principal Investigator is unavailable for some reason.

Sincerely yours,

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

MN/jm

cc: Ada Sue Hinshaw, Ph.D.
College Review Committee
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APPENDIX B

DEPARTMENT OF NURSING APPROVAL LETTER

T H E  U N I V E R S I T Y  O F  A R I Z O N A
H E A L T H  -SCIENCES C E N T E R  
T U C S O N .  A R I Z O N A  8 5 724

t N I X  I R S n  t  K O S P I T A I

April 4, 1980

Mr. Allen M. Tang, R.N.,
Graduate Student 
College of Nursing 
University of Arizona 
Tucson, Arizona 85721

Dear Mr. Tang:

It is a pleasure to approve your request to conduct your master’s 
research at Arizona Health Sciences Center entitled; "Estimation 
of Pre-operative Dehydration in Adult Surgical Patients Using 
Body Weight Method." t

Your contact people for this study will be Ms. Judy Wilbert, Head 
Nurse, 4 East and Ms. Ann Hubbert, Head Nurse on 5 East. The 
research may be started as of April 7, 1980.

The Department of Nursing would appreciate a copy of your study 
results when the investigation is complete. If you have any ques
tions do not hesitate to contact me (626-6353).

Sincerely,

— a ^  ^— txr— ’

Ada Sue Hinshaw, R.N., Ph.D. '
Associate Director of Nursing for Research 
Nursing Department 
University Hospital

cc: Karen Stensrud
Judy Wilbert 
Ann Hubbert

ASH/mrf
4/80
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APPENDIX C

SUBJECT CONSENT FORM

Principal investigator: .Allen M. Tang, R.N-

I am requesting your voluntary participation in a 
study titled, "Estimation of Pre-Operative Dehydration in 
Adult Surgical Patients Using Body Weight Method." The 
purpose of this study is to determine.your fasting weight 
loss before you go to surgery. Basic to the problem under 
study is the common practice of placing all preoperative 
surgical patients on fluid restriction regimen called 
"nothing by mouth" (NPO). The reason why I am requesting 
your participation -in this study is because you are 
scheduled for surgery tomorrow.

If you decide to participate, your height, weight, 
and a measurement of your fingers will be made at admis
sion, after your preoperative meal, upon retiring or at the 
start of the NPO period, and just prior to being taken for 
surgery. Also, from the time of admission until you are 
taken to surgery, all fluid intake and all urine and stool 
output will be measured. Basic information will be re
corded at the time of your admission about you including 
your age, height, and type..of surgical procedures you are 
going to haye. There is.no cost to you for your participa
tion in this study, and you are free to ask and receive 
answers to relevant questions at any time. There are no 
known risks or discomforts. This study will not benefit 
you at this time; however, it will possibly benefit future 
preoperatiye patients.

To protect you and the confidentiality of the in
formation gathered, all forms will be coded to protect 
anonymity. When the data of this study are analyzed, the 
result will be .submitted for publication and anonymity will 
also be maintained. These data will be available to the 
principal investigator and the thesis committee. College 
of Nursing, The University of Arizona, and will be kept in 
a safe place. You -may ask questions at any time, and/or 
may withdraw from the study at any time, and you need not 
State your reason for 'doing so.
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I understand that this consent form will be filed 

in an area designated by the Human Subjects Committee with 
access restricted to the principal investigator or 
authorized representatives of the College of Nursing. A 
copy of this consent form is available to subjects upon 
request.

I have read and understand the above consent form 
and I agree to participate in this study. I also agree to 
the taking of the measurements mentioned above. I realize 
that participation in this study is voluntary and that I 
may withdraw at any time. I also realize, that there is no 
monetary or other kinds of benefit due me if I participate 
in this study; however, the findings of this study may be 
of benefit to future preopereative patients. Permission 
to use the data from this study is also granted.
Subject's Signature    ' ---
Date Time'

Witness Signature 
Date Time
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