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TABLE ONE
Mean Insensible Water Loss from the Skin of Infants Appropriate
for Gestational Age at an Asbient Humidity of 50%

IWL (g/kg/24 hours)

Gestational Mean Birth Postnatal Age (days)

Age (weeks) Weight (kg) <1 7 14 21 28
BRARARRRERRARRRARARRERAERRRARRRARRARRRRERARAARANRRRARARARNRARR LAY
25-27 0.860 129 43 32 28 24
28-30 1.340 42 24 18 15 15
31-36 2,110 12 12 9 8 7
37-41 3.600 7 6 6 6 7

RERRARARARRARRARRIRARRERRRRERRERARRARERRARNRARARRRERAARRARARARRRANE

a Mapted From: "Transepidermal Water Loss in Newborn Infants.
VIII. Relation to Gestational Age and Post-natal age in
Appropriate and Small for Gestational Age Infants" by K.
Hammarlund, G. Sedin, and B. Stromberg, 1983, Acta

Paedjatrica Scandinavica, 72, p. 725.
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ABSTRACT

In the neonatal patient, urine volume is an important parameter in the
determination of both renal function and fluid balance. Weighing diapers prevoiding
and postvoiding has been suggested as a method to measure urine volume. However,
the exchange of moisture in neonatal warming environments may influence the
accuracy of this method.

In this study, the accuracy of diaper weights to reflect urine volume was tested
in simulation environments with different diaper combinations. The rate of moisture
exchange from diapers was determined by sequential weights of 10 samples of five
diaper types in four different environments adding either 5 millilitres (ml) or 15 ml of
added 0.45% saline solution (400 samples). The diaper types used were of two fibre
types, disposable and cotton. These included, open cotton with burn sheeting, open
cotton, closed cotton terrycloth, open superabsorbent disposable, and closed
superabsorbent disposable diapers. Experimental conditions included an incubator set
at 36.0° C with added humidity, an incubator set at 33.5° C, a radiant warmer set at 75%
heater output, and a radiant warmer set at 50% heater output.

Multivariate analysis of variance for repeated measures demonstrated
significant mean differences attributable to the effects of diaper type, environment,
volume, time, and interaction effects (p <.01). Analysis of mean percentage differences
showed that closed disposable diapers were the most accurate, exhibiting less than a 4%
variation in weight in all environments. Closed terrycloth diapers showed the greatest
variation for all diaper types. The samples with 5 ml of solution added showed a
greater mean percentage loss than those with 15 ml added. Al! diaper types gained
weight in the incubator set at 36.0° C with added humidity environment. All diapers
lost weight in the remaining environments with the greatest change occurring in the
75% heater output radiant warmer environment.

For accurate determination of urine output volume using diaper weights, it is
recommended that closed superabsorbent disposable diapers be used. Open
superabsorbent disposable diapers represent the next best alternative. If cotton diapers
are used, it is recommended that the diaper be checked for urine every 15 minutes.
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CHAPTER ONE
Introduction
un f the Probl

Advances in neonatal intensive care and improved survival rates for high risk
infants highlight the importance of fluid balance in this population (Oh, 1988). Fluid
balance management in neonates is problematic particularly for those infants delivered
at less than 30 weeks gestational age because their unique characteristics render them
susceptible to fluid and electrolyte disturbances (Bell & Oh, 1979; Roy & Sinclair, 1975).
Successful fluid and electrolyte management can influence the outcome of many
neonatal illnesses (Bell & Oh, 1987). Investigators suggest that complications of
premature birth such as impaired ventilation, patent ductus arteriosus, and
bronchopulmonary dysplasia can be related to overhydration (Brown, Stark, Sosenko,
Lawson & Avery, 1978; Bell, Warburton, Stonestreet & Oh, 1980; Green, Thompson,
Johnson & Lock, 1983; Stevenson, 1977; Van Marter, Leviton, Allred, Pagano & Kuban,
1990). Dehydration may cause poor perfusion, acidosis, hypernatremia, and
cardiovascular collapse (Williams & Oh, 1974).

The significance of urine output monitoring in the neonate is based upon fluid
balance knowledge. Accurate measurement of urine is necessary to determine both
renal function and fluid balance (Strauss, Zilleruelo & Freundlich, 1985). The
measurement of neonatal urine output can be difficult and collection methods including
catheters, perineum bags, and weighing diapers have been used. A bladder catheter
may be difficult to insert in small, immature infants. Also, it is notan ideal method of
urine collection over prolonged periods of time because it may predispose to infection.
Plastic bags that attach to the perineum with adhesive are also used to collect urine,
However, they leak frequently due to areas that have not adhered to the skin and
repeated applications can result in excoriated skin. The skin of very immature infants is
particularly vulnerable to adhesive damage even after one application because the bond
between the adhesive and the stratum corneum may be stronger than the one between
the dermis and epidermis (McManus-Kuller, 1984). Therefore, the skin may be
damaged with bag removal.

Weighing diapers prevoiding and postvoiding is a method of urine output
measurement that can be used for all sizes of infants for long periods of time without



skin damage. It is recommended as a method of urine volume measurement in
neonates by several nursing texts on fluid and electrolyte balance (Hollingsworth, 1985;
Masiak & Naylor, 1985; Mietheny, 1987). Weighing diapers to determine urine output is
based on the principle that 1 millilitre (ml) of urine weighs 1 gram (gm). The change in
postvoiding diaper weight is attributed to the urine added to the diaper by the infant.
If the moisture exchange properties of the environments neonates are nursed in
are not considered, weighing diapers may be an inaccurate method of urine volume
measurement. Evaporation of fiuid from diapers in warming environments may
decrease significantly the measured urine volume when compared to the actual urine
output. In very humidified environments, measured urine volume could overestimate
urine output. Fluid therapy based on these measurements could result in dehydration
or overhydration. Therefore, the use of diaper weights to determine urine output
accurately in different neonatal warming environments should be examined.

Purpose of the Study

The purpose of this study is to describe the relationship between urine volume,
length of exposure to specific environmental conditions—incubator or radiant heater—,
type of collecting diaper, and accuracy of urine volume measurement.

Research Questions
The research questions formulated to guide this study are as follows:
1. How does an incubator environment affect the accuracy of using
diaper weights to determine a measured amount of 0.45% saline
~ solution over time?
2. How does a radiant warmer environment affect the accuracy of using
diaper weights to determine a measured amount of 0.45% saline
solution over time?
3. How is the accuracy of using diaper weights to determine a measured
amount of 0.45% saline solution affected by volume of saline on the
diaper?

4. How does the type of diaper affect the accuracy of using diaper

weights to determine a measured amount of 0.45% saline solution?

Urine volume is an important determinant of renal function and fluid balance.



As a result, accurate measurement of urine volume is important when planning fluid
management strategies. All methods of urine measurement should be examined to
establish the accuracy of measurement.

Results from this study will help to determine the accuracy of weighing diapers
prevoiding and postvoiding on measuring urine volume. They will also indicate how
the factors of time, diaper type, volume of urine and environmental conditions affect
the accuracy of diaper weights. With this information, the neonatal nurse will have a
clearer understanding of how urine volume measured with diaper weights compares
with actual urine volume. This knowledge is essential to planning fluid management
strategies.



CHAPTER TWO
Review of the Literature
Fluid Balance
Support of fluid balance in neonatal patients is more easily achieved with an
understanding of the physiclogical mechanisms that govern water balance and
variations that can occur in sick or premature infants. With this knowledge, a nurse
caring for neonates is able to identify parameters that require careful monitoring and

can estimate fluid requirements and balance.
The control of fluid volume and distribution in the body is complex with

various regulating factors controlling output based on body conditions and intake
(Tonneson, 1986). Although this discussion focuses on water balance regulation, in
reality it is inextricably tied to solute balance. The goal of neonatal fluid therapy is to
replace water and electrolyte losses to maintain a normal balance of these substances
(Ekblad, Kero, Takala, Korvenranta & Valimaki, 1987). For adults without unusual
fluid losses, measurement of urine flow and fluid intake provides an accurate estimate
of fluid balance status (Chenevey, 1987). An equation to maintain fluid balance can be
written as intake = output. In neonates, the principles of fluid management are similar
but the unique features of the neonate related to variations in body composition,
insensible water loss, renal function, and neuroendocrine control of fluid balance must
be considered. A review of the literature concerning these topics outlines their impact
that these features have on fluid balance.
B uid Distribution

Neonates have a greater percentage of fluid per body weight than adults. The
water content of a term infant is estimated to be approximately 69-78% of body weight
(Friis-Hansen, 1957; Widdowson, 1974) compared to 62% for an adult (Friis-Hansen,
1961). For premature infants, body water as a percentage of weight is even higher
ranging from approximately 94% during the third month of gestation to approximately
86% at 26 weeks gestation, and 80% at 32 weeks gestation (Friis-Hansen, 1957;
Widdowson, 1974). The partition of body water between extracellular fluid (ECF) and
intracellular fluid (ICF) also varies as the fetus and newborn mature. ECF accounts for
approximately 87% of body water at five months of gestation, 65% of body water at
term, 30% at two months of age, and 16% at adulthood (Widdowson, 1974). While ECF
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volume decreases with age, ICF volume rises and represents 60% of total body water at
adulthood (Friis-Hansen, 1957; 1961; Cassady & Milstead, 1971). These changes are

outlined in Figure 1.

Figure 1. Percent Changes in Body Fluid of the Fetus and Infant*
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*Modified From: "Changes in Body Water Compartments During Growth" by
B Friis-Hansen, 1957, Acta Paediatrica Scandinavica, 46, (Suppl. 110).

A “physiologic weight loss” seen in newborns during the first week of life is
largely a result of contraction of the ECF volume (ECV) (Kagan, Stanincova, Felix,
Hodgman & Kalman, 1972; Nash, 1987; Shaffer, Bradt, Meade & Hall, 1987). Loss of
10% of body weight in term infants and 15% in premature infants less than 1500 grams
can be anticipated (Bell & Oh, 1979; Shaffer, Quimiro, Anderson & Hall, 1987). This loss
of ECV has been explained as a physiologic response to an enlarged ECV (Shaffer, Bradt
& Hall, 1986; Shaffer, Bradt et al., 1987; Ross, Cowett & Oh, 1977) or a pathologic state of
sodium loss secondary to renal immaturity (Sulyok, Varga, Gyory, Jobst & Csaba, 1979;



Sulyok, Nemeth, Tenyi, Csaba, Gyory, Ertl & Varga, 1979; Aperia, Broberger, Herin &
Zetterstrom, 1979; Vanpee, Herin, Zetterstrom & Aperia, 1988). Shaffer and Meade
(1989) examined the effect of two different sodium intakes on changes in ECV in term
infants and found similar loss and sodium balance. More sodium was excreted with
increased sodium intake indicating that sodium excretion is the result of sodium
balance regulation rather than impaired renal tubular function.

The quantity and quality of fluid intake during this time is important since
postnatal changes in body water and partition of ECF and ICF are influenced by intake
of fluid and electrolytes (Kagan et al., 1972; Stonestreet, Bell, Warburton & Oh, 1983).
The volume of fluid supplementation appropriate for the first four to five days of life is
not clear, but it seems evident that intake should not match output during the initial
week of life to allow for ECV loss (Nash, 1987; Sedin, Hammarlund & Stromberg, 1985).
Consequently, the goal of fluid balance for newborns during the first week is
prevention of dehydration (Strauss et al., 1985). After this period, the goal is
summarized by the intake = output equation.

Sources of Water Loss

To determine output accurately, all sources of water loss must be considered.
Typieally, 25urces of water loss are as follows: 1. insensible water loss (IWL), 2. urine
output, 3. gastrointestinal losses, and 4. sweat loss. Due to rapid growth in neonates,
water necessary for the formation of new tissue mass must also be identified as a water
expenditure (Bell & Oh, 1979). Therefore, zero fluid balance for the neonate becomes
intake + endogenous water production = IWL + sweat loss + gastrointestinal loss +
renal loss + water for growth. The neonate has unique physiological characteristics
related to each source of water loss that result in fluid balance variations when
compared to the adult model.

Insensible Water Loss. IWL is a major source of water loss for the neonate. It is
the invisible, evaporative loss of water (EWL) through the skin and the airway. Loss of
water from the respiratory tract typically accounts for 30% of IWL (Bell & Oh, 1979; Hey
& Katz, 1969; Sulyok, Jequier & Prod‘hom, 1973a). However, if an infant inspires
heated, nearly saturated humidified air, this amount may be eliminated (Dery, 1973;
Hey & Katz, 1969; Nash, 1987).

Studies of the IWL from the skin of neonates show that it is inversely related to



gestational age (Hammarlund & Sedin, 1979; Hammarlund, Sedin & Stromberg, 1983;
Maurer, Micheli, Schutz, Freymond & Jequier, 1984). Hammarlund and Sedin (1979)
report that skin IWL at one day of age is 15 times greater for neonates after 25 weeks of
gestation than for term infants. In a 50% humidity environment, IWL on the first day
equals 129, 42, and 7 grams/kilogram/day (g/kg/day) for infants 25-27, 28-30, and 37-
41 weeks, respectively (Hammarlund, Sedin & Stromberg, 1983). Increased IWL in
premature infants is related to a greater surface area to body weight ratio, thinner skin,
increased skin blood flow, and a larger ratio of body water to weight. By two weeks of
age, preterm infants’ skin develops a well formed stratum corneum resembling that of a
newborn term infant (Evans & Rutter, 1986) and skin IWL falls (Hammarlund & Sedin,
1979; Maurer et al., 1984). At four weeks of age, however, the infant born at 25 weeks
gestation has skin IWL twice as high as a newborn term infant (Hammarlund et al.,
1983). Table 1 summarizes skin IWL for infants of different gestational and postnatal
ages in an environment with 50% humidity.

Table 1

Mean I ibl t from the Skin of Infants Appropriate for i A
n Ambient Humidity of * .

IWL (g/kg/24 hours)

Gestational Mean Birth Postnatal Age (days)
Age (weeks) Weight (kg) <1 7 14 21 28
25-27 0.860 129 43 32 28 24
28-30 1.340 42 24 18 15 15
31-36 2.110 12 12 9 8 7
37-41 3.600 7 6 6 6 7

* Adapted From: “Transepidermal Water Loss in Newborn Infants. VIIL Relation to
Gestational Age and Post-natal age in Appropriate and Small for Gestational Age
Infants” by K. Hammarlund, G. Sedin, and B. Stromberg, 1983, Acta Paediatrica

Scandinavica, 72, p. 725 with permission.



In the neonatal intensive care unit, premature and sick infants are placed in
specialized environments in order to provide access for caretakers and to reduce
thermoregulatory stress. These environments are provided typically by a radiant
warmer or an incubator. The incubator encloses the infant in heated, humidified air
while the radiant warmer provides heat in the form of infrared energy that is absorbed
by the skin (Bell, 1983). These environments determine the IWL of an infant and are
important to consider when calculating IWL.

Insensible water loss is influenced by environmental factors such as air
temperature, velocity, and humidity (Hammarlund & Sedin, 1983). In low ambient
humidity, IWL rises (Belgaumkar & Scott, 1975; Hammarlund & Sedin, 1979; Hey &
Maurice, 1968). Investigators have noted a negative linear relationship between
ambient humidity and IWL from newborns (Hammarlund, Nilsson, Oberg & Sedin,
1977; Hammarlund & Sedin, 1979; Sedin, Hammarlund, Nilsson, Stromberg & Oberg,
1985; Sulyok, Jequier & Ryser, 1972). The IWL of an infant of 25 weeks gestation will
rise from 129 g/kg/day to over 200 g/kg/day when the humidity of the incubator is
decreased from 50% to less than 20% (Sedin, Hammarlund & Stromberg, 1985). IWL of
very small infants in incubators with forced air convection compared to incubators
without forced air convection is up to 50% higher (Okken, Blijham, Franz & Bohn, 1982;
Thompson, Stothers, McLellan, 1984).

Compared to an incubator environment, IWL may double under a radiant
warmer (Bell, Neidich, Cashore & Oh, 1979; Bell, Weinstein & Oh, 1980; Jones, Rochefort
& Baum, 1976; Williams & Oh, 1974; Wu & Hodgman, 1974). Baumgart, Engle, Fox and
Polin (1981) found that IWL of infants nursed under radiant warmers correlated with
body surface area, body weight and radiant power density. Smaller infants required
more radiant power to keep warm which elevated their IWL. Also, net radiant power
received was a determinant of IWL regardless of infant size. It has been speculated that
increased skin blood flow shown by infants on radiant warmers (Oh, Yao, Hanson &
Lind, 1973; Wu, Wong, Hodgman & Levan, 1974) and/or the lower absolute humidity
of the environment (Bell, Weinstein & Oh, 1980) cause the increase in IWL.

Sweat Loss. Sweat is visible EWL and occurs when a body attempts to lose heat
to the environment. Sweating in the neonate is present but incomplete (Foster, Hey &
Katz, 1969). Although infants have a greater number of sweat glands per surface area,



their response to chemical stimulation is one third that of an adult response. When
neonates 35-42 weeks gestation are overheated, active sweating can be elicited (Hey &
Katz, 1969; Foster et al.,, 1969; Rutter & Hull, 1979; Sulyok, Jequier & Prod’hom, 1973b).
The set-point sweating temperature is lower with increasing gestational and postnatal
ages and with vigorous muscular activity. Foster, Hey and Katz (1969) found no sweat
response to thermal stimulation in any neonate less than 210 postconceptional days of
age. Rutter and Hull (1979) document relatively rapid maturation of sweat production
in preterm infants. A four week old neonate born at 30 weeks gestation has a greater
ability to sweat than a newborn at 34 weeks gestation. Therefore, sweat loss can
increase EWL 300%, from 6 ml/kg/hour (hr) to 18 ml/kg/hr, when older infants are
overheated (Key & Katz, 1969: Rutter & Hull, 1979).

Renal Loss. Urine output may vary from minute to minute in the first hours of
life (Strauss, Daniel, James, 1981). Although 90% of healthy term and preterm infants
void in the first 24 hours, micturition may be delayed for up to 48 hours (Sherry &
Kramer, 1955; Kramer & Sherry, 1957). In a more recent study, urine flow in 90% of
healthy term and preterm infants less than 72 hours of age varied from 1-3 mi/kg/hr
with an osmolality of 100-200 milliosmoles (mOsm)/kg and specific gravity of 1.006-
1.010 (Jones, Gresham & Battaglia, 1972). A urine flow rate less than 1 ml/kg/hr for 12
hours is inadequate and defines oliguria in the neonate (Mathew, Jones, James, Bland &
Groshong, 1980).

Urine volume depends on renal function and the amount of water intake
available for excretion after water is lost by other routes. Low urine output in neonates
most commonly arises from renal hypoperfusion following prerenal causes (Norman &
Asadi, 1979). Fluid challenges may restore adequate renal perfusion and adequate
urine output. However, when renal failure is established as the cause of low urine
output, it is necessary to restrict fluids based on calculations of urine output and other
losses. Particularly in very immature neonates, high urine output may be related to
glui osuria resulting from a low glucose renal threshold and inability to use
administered glucose (Bell & Oh, 1987).

The volume of urine excreted also depends on the renal solute load and the
concentrating abilities of the kidney. The solute load arises from products of catabolism
and the protein and electrolyte intake of the infant. During periods of growth, the
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solute load is decreased as solute components are incorporated in new tissue. For
healthy, growing infants, the solute load arising from diets of breast milk or formula is
easily excreted by the kidneys with water derived from these diets (Dreszer, 1977;
Leake, 1977). When the infant is sick, however, more solute is presented to the kidney
requiring water and electrolyte intake alteration to excrete waste without stress to the
kidney (Dreszer, 1977; Roy & Sinclair, 1975).

Other Water Loss Considerations. Water loss in stool is estimated to be 5-10
mi/kg/day in healthy term infants on formula (Lemoh & Brooke, 1979). The amount of
water loss through stool varies according to consistency of the stool, which is
dependent of the type of feedings and the presence of disease.

Although water for growth is not a “loss”, it should be considered when
determining fluid balance. Water requirements for growth have been estimated at 10
ml/kg/day (Bell & Oh, 1987). Water produced by the oxidation of metabolic fuels
balances water required for growth and these two factors may be omitted from the
equation (Roy & Sinclair, 1975).

Neuroendocrine Control of Fluid Balance

The pituitary gland and the adrenal cortex are two major endocrine organs
involved in the regulation of water balance (Bell & Oh, 1987). Antidiuretic hormone,
arginine vasopressin (AVP) is secreted by the posterior pituitary gland under
hypothalamic control to preserve water loss from the kidney during periods of
increased osmolality, hypovolemia, or hypoperfusion (Leake, 1977). These functions
have been listed in order of ascending importance. That is, AVP will be secreted in
conditions of hypoperfusion despite adequate ECV or hyponatremia (Tonneson, 1986).

AVP production and secretion mechanisms of the pituitary gland appear to be
complete in both mature and premature newborns since adaptive endocrine changes
occur to restore water balance (Aperia, Herin, Lundin, Melin & Zetterstrom, 1984;
Leung, McArthur, McMillan, Ko, Deacon, Parboosingh & Lederis, 1980; Rees, Brook,
Shaw & Forsling, 1984). Elevated blood levels of AVP associated with hyponatremia in
neonates has been attributed to a poor kidney response to AVP. Researchers have
suggested that the inability to respond results from a diminished renal solute gradient
and inability to concentrate urine (Svenningsen & Aronson, 1974). Recent research has
led investigators to suggest that elevated AVP levels associated with late hyponatremia
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in premature infants are related to a hypovolemic response arising from excessive ECV
loss (Sulyok, Kovacs, Lichardus, Michajlovskij, Lehotska, Nemethova, Varga & Ertl,
1985).

Aldosterone is a mineralocorticoid hormone produced and secreted by the
adrenal cortex. Adrenocorticotrophic hormone, the renin-angiotensin system, and the
plasma concentration of sodium and potassium regulate its synthesis (Leake, 1977). The
basic feedback system is operational in all newborns but the limits of tolerance are
narrow (Aperia et al., 1979; Shaffer & Meade, 1989; Siegel, Fisher & Oh, 1973; Sulyok,
Nemeth et al., 1979). However, premature infants are relatively unresponsive to
aldosterone as exhibited by large urinary sodium losses in the presence of high to
normal levels of aldosterone (Aperia et al., 1979; Aperia et al., 1984; Sulyok, Nemeth et
al,, 1979).

Another hormone believed to be related to salt and water balance is plasma
atrial natriuretic factor (ANF). It is secreted by the cardiac atria in response to the
stretchine of the myocardial wall and increases intrarenal blood flow distribution to
increase the GFR. In term and preterm infants, elevated ANF concentration
corresponds to the observed diuresis of ECV (Bierd, Kattwinkel, Chevalier, Rheuban,
Smith, Teague, Carey & Linden, 1990; Tulassay, Seri & Rascher, 1987). Other
researchers have confirmed these elevated levels but no relationship between ANF
levels and parameters of salt and water balance were found (Shaffer & Meade, 1989; Ito,
Marumo, Ando, Hayashi & Yamashita, 1990; Liechty, Johnson, Myerberg & Mullett,
1989).

Renal Function

The excretion of salt and water by the newborn kidney is determined by the
glomerular filtration rate (GFR) and the tubular reabsorptive capacity. In comparison to
the adult model, the GFR is low in all newborns regardless of gestational age
(Zetterstrom, Aperia & Herin, 1985). Term infants develop a rapid increase in GFRand
double the initial rate by the end of the first week of life which is most likely related to
hemodynamic changes rather than kidney maturation (Aperia, Broberger, Broberger,
Herin & Zetterstrom, 1983). Initial GFR is lower in premature infants less than 34 weeks
gestation (Aperia, Broberger, Thodenius & Zetterstrom, 1981; Arant, 1978) and the rise
in rate is much slower sometimes exhibiting no change in the first three weeks of life
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(Aperia, Broberger, Elinder, Herin & Zetterstrom, 1974; Al-Dahhan, Haycock, Chantler
& Stimmler, 1983).

The low GFR rate found in the premature infant say foster an assumption that
lowered sodium filtration will result in sodium retention. However, inefficient tubular
reabsorption of sodium results in a higher fractional sodium excretion (Oh, 1988).
Several investigations show that sodium excretion in premature infants is inversely
related to gestational age (Al-Dahhan et al., 1983; Aperia et al., 1979; Aperia et al., 1974;
Ross, Cowett & Oh, 1977; Siegel & Oh, 1976; Sulyok, Nemeth et al., 1979; Sulyok, Varga
etal, 1979). Due to decreased tubular reabsorption of sodium, premature infants are
unable to initiate rapid changes to restore fluid and electrolyte balance following
excessive salt or water loads and are susceptible to hyponatremia and hypernatremia.
In one study, the incidence of hyponatremia paralleled the incidence of negative
sodium balance which occurred in all premature infants less than 30 weeks gestational
age (Al-Dahhan et al., 1983). The premature infant’s capacity to absorb sodium
develops so that it is similar to the capacity in a term newborn at three weeks of age (Al-
Dahhan et al., 1983; Sulyok, Varga et al., 1979).

In response to acute fluid challenges, term and premature infants can
demonstrate an increased GFR (Aperia et al.,, 1984; Daniel, James & Strauss, 1981: Leake,
Zakauddin, Trygstad, Fu & Oh, 1976). Although term and premature infants
demonstrate a capacity to increase GFR, free-water clearance, and urine volume in
response to a fluid challenge, excretion is reduced as a percentage of the filtered load
(Daniel et al.,, 1981; Leake et al.,, 1976). Therefore, a prolonged fluid challenge may
result in a positive water balance and hyponatremia.

The combination of a reduced GFR, a short loop of Henle, and decreased serum
urea results in an inability to concentrate urine through a wide range of values (Sujov,
Kellerman, Zeltzer & Hochberg, 1984; Svenningsen, Andreasson & Lindroth, 1984). The
full-term newborn infant can dilute urine to osmolalities of 30 to 50 mOsm/kg water
and can concentrate urine to 700 to 800 mOsm/kg water compared to 1,200 mOsm/kg
water possible for children and adults (Aperia et al., 1974; Edelmann & Barnett, 1960).
The kidney of the premature infant and asphyxiated infant is limited to urine
production through a narrower range of osmolality (Svenningsen et al., 1984). The
capacity to concentrate urine increases rapidly in premature infants greater than 30
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weeks gestation at birth so that by three weeks of age their capacity to concentrate urine
is doubled (Svenningsen & Aronson, 1974). A lack of urine concentrating capacity
predisposes the infant to dehydration.

Renal function may vary for infants with concurrent disease and has been
examined in infants with respiratory distress syndrome (RDS). Early studies indicated
that infants with RDS showed a reduced GFR and urine output (Cort, 1962; Guignard,
Torrado, Mazouni & Gautier, 1976; Torrado, Guignard, Prod’hom & Gautier, 1974).
Other investigations showed that if sufficient support was given to maintain a stable
respiratory and circulatory status, there was no difference in renal function between
healthy infants and those with RDS (Broberger & Aperia, 1978; Langman, Engle,
Baumgart, Fox & Polin, 1981; Siegel et al., 1973; Tulassay, Ritvay, Bors & Buky, 1979).

Alterations in renal function may be associated with ventilatory support given to
infants with respiratory problems. Artificial ventilation (AV) with positive end
expiratory pressure reduces GFR and urine output in adults (Leslie, Philips, Work, Ram
& Cassady, 1986). This phenomenon may result from lowered cardiac output and blood
pressure associated with AV or a release of AVP, renin, or aldosterone induced by AV.

In one report, low birthweight infants receiving mechanical ventilation and
continuous positive end expiratory pressure displayed no difference in urine output or
sodium, potassium, and chloride balance (Leslie et al., 1986). However, other reports
indicated diminished urine output, decreased serum sodium, and increased serum
osmolality when levels of continuous positive airway pressure were 6 cm of water or
greater (Fewell & Norton, 1980; Svenningsen et al., 1984; Tulassay, Machay, Kiszel &
Varga, 1983). The mechanism causing this effect was not determined but it was
speculated that it would be similar to that of the adult model. Therefore, changes in
renal function associated with respiratory support should be anticipated.

For asphyxiated infants, abnormal renal functioning is attributed to reduced
blood flow to the kidneys during an asphyxiating insult. The reduction in blood flow
may be severe enough to cause brain or kidney injury. Hypoxic encephalopathy may
result in an inappropriate secretion of AVP (Moylan, Herrin, Krishnamoorthy, Todres &
Shannon, 1978; Speer, Gorman, Kaplan & Rudolph, 1984). Kidney injury may result in
acute renal failure (Dauber, Krauss, Symchych & Auld, 1976). In both conditions,
measurement of urine volume and estimation of other fluid losses are essential to
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determine of fluid requirements.
In summary, unique features of the neonate must be considered by clinicians

when determining fluid management strategies to maintain fluid balance. In neonates,
loss of ECF volume initially, susceptibility to EWL in neonatal warming environments,
differences in renal loss of fluid, differences in neuroendocrine control of fluid balance,
and differences in reral function must all be evaluated carefully when determining
fluid therapy.

Measurement of Urine Qutput

The accuracy of the measurements obtained when diapers are weighed to
determine urine volume depends upon the physical laws governing exchange of
moisture. The assumption that change in diaper weight reflects the urine volume
excreted by the infant may be incorrect due to the exchange of moisture in the
environment. Some studies that have reported the effect of intensive care environments
on the accuracy of measurements resulting from diaper/urine collection. Review of
these two areas will familiarize the reader with the knowledge and concepts necessary
to determine the ability of diaper weights to reflect urine output accurately.

Hygrometry is a physical science branch which is concerned with moisture
content measurement. The principles governing the exchange of moisture between
urine Ok adiaper and the environment are derived from this science. The principles of
humidity and moisture used are drawn from Harrison’s (1965) discussion of humidity
and moisture.

In the atmosphere, the form of moisture is water vapour. The sources of
moisture are transpiration and evaporation from water and moist surfaces. The amount
of water vapour in the air varies and is measured in different ways. The absolute
humidity of air refers to the weight of water vapour per unit volume of air. Relative
humidity is the percentage of water vapour in the air compared to the amount that
could be present if the air is saturated at any given temperature. Because the saturation
vapour pressure (SVP) increases with temperature, relative humidity is determined by
temperature. That is, the relative humidity of air will fall when the temperature rises
from 20 to 30° C if no additional moisture is available to the system to establish a new
equilibrium. Also, the absolute amount of water vapour in air at 30° C with a relative
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humidity of 55% is greater than the amount present in air at 20° C and witha relative
humidity of 55%.

Textiles and paper products such as diapers are hygroscopic materials. They
exchange moisture with the environment to approach a moisture equilibrium with the
ambient atmosphere by absorbing or releasing water depending on whether their
moisture content is above or below equilibrium moisture. For any given level of
moisture content, there is a corresponding level of atmospheric humidity at which the
moisture exchange would be zero and moisture equilibrium would exist.

The equilibrium moisture content is determined by relative humidity which in
turn relies upon the air temperature. Equilibrium moisture content is also determined
by the temperature of the material and its unique fibre saturation point. At higher
temperatures, the moisture in the material has greater kinetic energy and less additional
energy is necessary for evaporation. The moisture content of the material is also
dependent upon the time required for the material to absorb or lose moisture to the
environment. This is a function of the humidity gradient, the type of material and the
surface area exposed to the environment. In a still environment, equilibrium is
established in a boundary layer between the material and the air. Air currents disturb
this layer resulting in moisture exchange through a larger area.

Atmospheric moisture is in vapour form while the moisture of a wet diaper is
liquid. Therefore, exchange of moisture between the diaper and the environment will
also involve an exchange of heat. If the movement of moisture is from the diaper to the
air, energy is required and the temperature of the air and of the diaper will drop. When
the diaper absorbs moisture from the air, there will be a release of energy and the
temperatﬁre of the diaper and of the air will tend to rise.

Although urine is composed primarily of water, it is a solute. The solutes ina
solvent can affect the vapour pressure of the solvent by altering the forces of attraction
between individual molecules and their neighbours. Therefore, the solutes in urine
alter the evaporation exchange properties of water and determine a unique SVP. These
properties are more affected as concentrations of solutes are increased.

Measurement Studies

Urine volume measurement with disposable diapers in a radiant heater

environment and in room temperature environment has been reported by Hutton and
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Schreiner (1980). After 30 minutes, EWL measured 15% under the radiant heater set at
34.5° C while only one third of the samples in room air measured greater than 10% loss.
Hermansen and Buches (1988) also reported the effect of a radiant warmer on urine
volume measurement for open-regular, closed-regular, and open superabsorbent
disposable diapers under the conditions of room temperature, 100% and 50% radiant
heater output. The greatest EWL occurred with open regular diapers exposed to 100%
heater output. The least EWL occurred with closed regular diapers exposed to zero
heater output. Open super-absorbent diapers showed less EWL than open regular
diapers exposed to the same conditions. Ten percent water loss occurred with open
regular diapers under 100%, 50%, and 0% radiant heater output within 10, 25, and 40
minutes respectively. Open super-absorbent diapers lost 10% of volume after 40
minutes under 100% heater output. Other diaper EWL did not reach 10% until almost
two hours of exposure.

Two studies compared the effects of incubators with radiant warmer
environments on the accuracy of volume measurement. Williams and Kanarek (1982)
reported that EWL from urine collected in disposable diapers was significantly greater
under a radiant heater which was set to maintain a probe on the mattress at 37° C
compared to an incubator with the air temperature set at 34° C. After 30 minutes in
these environments, diaper weight loss was 9% under the radiant warmer and 4% in the
incubator. By 60 minutes, the weight loss increased to 18% and 7% respectively. Cooke,
Werkman and Watson (1989) also compared the accuracy of weighing diapers in these
two environments. Heater output was set to maintain the disposable diaper
temperature at 32.8-33.9° C. They reported that diaper weight loss was a function of the
time exposed to the environment but found no difference in weight loss between the
two environments. Significant losses of 10% urine volume occurred in 15 minutes and
the percentage of volume loss was greater for smaller volumes of urine than for larger
volumes.

Hermansen and Buches (1987) reported that disposable diapers in incubators set
for maximum heat and humidity increased in weight over a two hour period.
Superabsorbent diapers gained an average 1.5 grams while regular diapers increased
0.4 grams. Reports of these investigations are summarized in Appendix 1.

Comparison of the investigations is difficult because of the differences in
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environmental conditions used for testing and in methods of reporting diaper weight
loss over time. Also, the reports do not indicate the relative humidity of the incubator
environment that was used. Knowledge of hygrometry determines that humidity is an
essential element in moisture exchange and is vital fcr comparison of results. Because
relative humidity is not reported, it is impossible to predict the accuracy of diaper
weights in determining urine output in other incubator environments based on these
study results.

Results of the studies suggest that the accuracy of diaper weights as a method of
urine output measurement is reduced the longer a diaper is exposed in any
environment and that diapers tend to lose more moisture in radiant environments.
Despite relative humidities similar to incubator environments, the radiant warmer is
drier. The absolute humidity is less due to a lower SVP which results from the Jower air
temperature (Bell, Weinstein & Oh, 1980).

Generally, the type of diaper studied has been limited to types of disposable
diapers. Other diaper types may be used for neonatal patients and their moisture
exchange characteristics may vary considerably. In the reported investigations, the
diaper has been exposed completely in the study environment. Under normal
conditions, an infant rests on the diaper and reduces the surface area exposed to the
environment. A greater exposed surface area, such as reported in these studies, could
affect moisture exchange with the environment.
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CHAPTER THREE
Method
Research Design

To examine the relationship between neonatal environments, volume of urine
output, type of diaper, time, and accuracy of diaper weights in measuring urine volume
output a comparative, factorial design was used as a framework for the study. For the
simulation trials, two volumes of 0.45% saline solution were added to five diaper
combinations which were then exposed to four different environmental conditions
using a radiant warmer and an incubator. Following this, repeated diaper weighing
over time was undertaken to determine any gain or loss of moisture.

The two volumes of saline solution, 5 ml and 15 ml, were chosen to reflect urine
outputs from one voiding of both small and large infants. Also, the percent change ir.
diaper weight from the initial diaper weight was examined in the simulations due to the
fact that significant changes could occur in one volume of saline solution and not in the
other. For example, a 1.0 gm weight change in a diaper using 5 ml of saline solution
would reflect a 20% loss compared to less than 7% loss for 15 ml of saline solution.

The 0.45% saline solution was used due to the difficulty of obtaining fresh
specimens of neonatal urine in sufficient quantities. This saline solution also provided a
standard solution which controlled for confounding results arising from variations of
osmolality from different urine samples. Because the osmolality of neonatal urine is
normally 100-260 mOsm/kg water (Leake, 1977), the moisture exchange properties of
0.45% saline (154 mOsm/kg water) should be similar.

Both cotton and disposable diapers were used during the study. Although other
researchers have not published reports in which cotton diapers were studied, increasing
concern over environmental issues may increase the use of cotton diapers in the future.
Combinations of open and closed diapers were studied since some infants are not
diapered in a regular fashion in order to facilitate monitoring lines and for other
therapeutic considerations. Also, previous research suggested that whether a diaper
was left open or closed affected moisture exchange in a radiant warmer environrment
(Hermansen & Buches, 1988).

Four different environments were chosen to reflect different types that may be
used in an intensive care environment. Of these four environments, two were incubator
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environments. One incubator environment had a greater air temperature and humidity
to simulate conditions necessary for the care of extremely immature neonates. The
other had a lower air temperature and humidity more typically used for premature
infants. Two radiant heater environments comprised the other two study
environments. Two radiant heater outputs were used to reflect the different amounts of
heat necessary to keep neonates of different sizes warm.

The dependent variable in this study was the difference in weight between the
actual diaper weight and the saturated diaper weight. The manipulated factors were
the environmental conditions (four levels), volume of salir2 solution (two levels), type
of diaper (five levels), and time (seven levels). Variables controlled for were infant size,
diaper surface area exposed, and osmolality of added solution.

The following terms were defined as indicated below to clarify their meaning for
the simulation trials:

Relative humidity - Amount of water vapour in the air compared to the amount
that could be present if the air was saturated at any given temperature.

Ambient air temperature - Measurement of the amount of heat or internal
energy of air in degrees Celsius ( * C) by a thermometer suspended 10
centimetres (cm) above the patient mattress.

Nonservocontrol - Radiant warmer control where heater output is set and does
not vary with input froma skin temperature probe.

Air velocity - Speed of air movement measured in metres per second (m/sec)
5 cm above the patient mattress.

Setting |
The study was conducted in one patient area in a tertiary neonatal intensive care
unit in order to standardize environmental conditions. There were two different
“environmental” conditions for both incubator and radiant heater studies. For one set
of conditions, the incubator (Model C-100, Air Shields, Hatboro, PA) was set for an air
temperature of 33.5° C with two litres of water in the reservoir for humidity. At the end
of each experimental day, the water in the reservoir was drained. Air temperature was
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set at 36.0° C for the other incubator environment. Humidity from water in the
reservoir in the incubator at this higher temperature was augmented by the addition of
humidified air from two heated cascades (Heated Bennett humidified chamber, Puritan-
Bennett, Kansas City, MO) set at 46.0° C. Water in the cascade heaters was resupplied
as it was depleted. Water levels varied from the full level marker on the cascade toa
level one inch above this marker. The airflow supplied to the cascades was set at 15
litres per minute. Tubing from the cascade warmers supplied the humidified air to the
incubator. The ends of the tubing were inserted in the left top porthole and the end
tubing inlet and were directed at the incubator walls. Figure 2 illustrates the
positioning of the cascade heaters and the tubing used in the simulations.

Under the radiant warmer (Ohio NC, Ohio Medical, Madison, WI), the heater
output was set on nonservocontrol with the heater output set at 75% and 50% of full
capacity. These outputs were determined using the following procedure. At full power
on nonservocontrol the conduction angle of the sine wave measured 6.44 milliseconds
(ms) instead of a full waveform of 8.33 ms for a standard 60 hertz power supply. The
total area of the sine wave at full power was calculated using the integral [ sin(t)dt. For
use of this integral, the original time base reading had to be converted to radians and
once the area calculations were obtained they were again converted from radians to
time in milliseconds. The final calculations in milliseconds enabled the precise setting of
the nonservocontrol knob for 50% and 75% of the full heater capacity via a digital
storage oscilloscope.

Relative humidity, air temperature, and air velocity were monitored in all
“micro” environments every 20 minutes. Diaper trials started a minimum of one hour
after power was supplied to the radiant warmer or the incubator so that the
environment had sufficient time to stabilize. All diaper trials for the high heater output
and added humidity environment were conducted first because it was found during a
pilot study that conditions would remain more standardized if environments were not

alternated.

Sample
The sample consisted of 10 trials of each type of diaper and two volumes of
0.45% saline solution in each of the four different environments. These combinations
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Figure 2. Configuration of Cascade Humidifiers with Incubator
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resulted in 400 diaper trials. The diapers that were used were as follows: cotton diaper
under a piece of burn sheeting, open cotton diaper, closed cotton terrycloth diaper,
open superabsorbent disposable diaper, and closed superabsorbent disposable diaper.
Each diaper type was studied in each environment using 5 ml and 15 ml of 0.45% saline
solution. The order of study of a particular diaper type and volume of added solution
was chosen arbitrarily. Ten samples of each combination of diaper type and volume
were examined before the next combination was studied. The order in which the

sample groups were studied is outlined in Appendix 3.
To assess whether frequent removal of the diapers from the environment for
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weighing purposes would alter moisture exchange within the environment, one control
group of diapers was studied. The control group consisted of 10 trials using open
cotton diapers with 5 ml of added 0.45% saline solution which was left in each of the
four different environments for a 90 minute period and then weighed (40 trials).

llection ur

After each “environment” had stabilized following the guidelines outlined in the
setting section, a randomly selected diaper of a particular diaper type was weighed. A
known volume of 0.45% saline solution, either 5 ml or 15 ml, was added to the centre of
the diaper and the diaper was reweighed. The wet diaper weight minus the dry diaper
weight determined the exact amount of solution added to the diaper.

The diaper was then placed in the selected environment and weighed at 15
minute intervals over a 90 minute period. A summary of the timing protocol that was
followed is found in Appendix 2. Fifteen minute intervals were selected in order to
obtain a more accurate description of the change in diaper weights without excessive
removal from the selected environment. A 90 minute period was chosen in order to
reflect an average amount of time that may occur between diaper checks for infants
nursed in these environments and who require accurate urine output measurement.
This procedure was repeated until 10 trials of each of five different diaper combinations
and two saline solution volumes in four different environments were tested.

For all diaper trials, a standard resuscitation doll (Infant Mannequin, Laederal,
Stavange, Norway) was used to simulate a neonate to reflect more accurately the
surface area exposed under actual conditions. In the closed diaper trials, the doll was
“diapered” while in the open diaper trials, the doll's bottom was placed over the upper
half of the diaper.

Measurement Protocols
Temperature

Air temperature was measured in the incubator with a thermistor probe
(Airshield Model #68 209 80, Hatboro, PA), under the radiant warmer environment with
a mercury-in-glass thermometer (Cole-Parmer Instrument, Chicago), and for cascade



heated air with a mercury-in-glass thermometer (Hospilak probe #964, Lindenhurst
NY). The thermistor probe was tested in a water bath for temperatures from 29-40°C
with a scientific thermometer with 0.1° C graduation (Cole-Parmer Instrument,
Chicago). The probe temperatures did not vary more than plus or minus 0.1°C. The
mercury-in-glass thermometer for the cascade heater was also compared with the
scientific mercury-in-glass thermometer in a water bath over temperatures from 29-50°
C. The graduations on the cascade thermometer were in 2° C, so the readings from this
thermometer were compared to the scientific thermometer when the temperature on the
cascade thermometer reached a marking. At these markings, the cascade thermometer
témperaturs did not vary from the scientific thermometer readings more than plus or
minus 0.5°C.

The thermometer and the thermistor probe were suspended 10 cm above the
patient mattress in the raciant warmer and incubator environments respectively. A foil
umbrella was suspended over the end of the thermometer in the radiant warmer
environment to protect the end from radiant energy and falsely high readings.

Humidi

A psychrometer (Psychro-Dyne #22010, Environmental Tectonics Corp.,
Southampton, PA) was used to measure humidity in each environment. The
psychrometer measures the “wet” and “dry” temperature of the air. The theory of wet
and dry bulb thermometers is based on the evaporative cooling effect on the wet bulb.
The drier the surrounding air, the more rapidly the air will evaporate. This causes the
wet bulb to depress in temperature until a balance takes place between the cooling
effect and the normal heat gain from the ambient condition. The psychrometric formula
relates this observed temperature depression and the temperature of the dry bulb to the
quantity of moisture in the air. Davis (1970) reports that the dry and wet bulb
psychrometer is generally accurate to about plus or minus three percent (+/- 3%).

The psychometric formula used to calculate relative humidities from wet and
dry bulb readings was the Carrier equation. This equation considers radiation and
other effects (Davis, 1970).
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where e = the partial vapour pressure of the moist air
e, = saturation vapour pressure at the temperature of the wet bulb in
millimetres of mercury (mmHg)
P = barometric pressure in mmHg
Typ = dry-bulb temperature, F
T,y = wet-bulb temperature, F
e, = saturation vapour pressure at dry-bulb temperature

The accurate measurement of the true wet and dry bulb temperatures requires
adequate ventilation across the wet bulb. Adequate ventilation has been found to be
700 feet-per-minute of air flow (3.56 m/sec) (Davis, 1970). Ventilation in the
psychrometer is provided by a fan powered by batteries. The speed of the air flow in
the psychrometer was tested with the anemometer over a period of six hours of
intermittent use (the length of time a fresh set of batteries was used). Air flow was
maintained at greater than 3 m/sec which was the upper limit of the air velocity scale.
The psychrometer was retested every day of the simulation.

The Psychro-Dyne was positioned for readings in the same location for both
incubator environments and for both radiant warmer settings. The wick of the wet bulb
was moistened with distilled water at room temperature prior to each reading. Because
radiant heat affects the bulb readings, the instrument was introduced to the radiant
warmer setting only immediately prior to the reading. The instrument was allowed to
stabilize for two minutes prior to reading as per the operating instructions.

Barometric Pressure

The barometric pressures necessary for the psychrometric formula equations
were obtained at the beginning of the study day from a columnar mercury barometer
(Eberbach, Ann Arbor MI). Barometric pressure is determined by the expansion or
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contraction of the column of mercury against the scale on the column with this
instrument. Barometric pressure readings from this type of instrument are accurate to
plus or minus 1% (+/- 1%) (Rossini, 1974).

Air Velocity

A hot-wire, constant temperature anemometer (Omnisensor Air Velocity Meter
Model #1640, TSI Incorporated, St. Paul, MN) was used to measure air velocity. The
instrument measures air velocity by computing the amount of electrical power required
to keep the probe at a constant temperature as units of velocity on the meter. The
sensor temperature compensates for variations in ambient air temperature and for air
density changes caused by temperature and pressure variations. Accuracy of the
anemometer is listed at plus or minus three percent (+/- 3%).

The anemometer was newly purchased and calibrated within four weeks of
purchase by the manufacturer. The accuracy of the anemometer was tested at the
beginning of each testing day by placing the end in a still air space (the end of a glass
cup). A discrepancy at zero flow of 0.1 m/sec or more would mean erroneous velocity
readings. Although this situation did not occur, the instrument would have been
recalibrated following the manufacturer’s instructions. Air velocity readings were
taken from a spot 5 cm above the patient mattress to measure air velocity at a distance
close to the diaper surface but far enough away to allow diaper removal without
disturbing the instrument. The air velocity sensor is located at the end of a wand. This
wand was secured to an 120 ml glass bottle in order to maintain the same height and
location for each environment for all diaper trials. The instrument was allowed to
stabilize 30-60 seconds prior to reading, as per operating instructions.

Diapers

Diapers that were used are as follows: cotton diaper (Curity, Gerber), cotton
terrycloth (University Linen Services, Edmonton), disposable diaper (Newborn
Superabsorbent Pampers, Proctor and Gamble, Toronto, Ont), and burn sheeting
(Ultracare sheeting, Zimmer, Dover OH). Cotton tetrycloth diapers consist of an outside
layer of cotton terrycloth material and an inside layer of cotton flannelette. In the
middle of the diaper, an absorbent layer of cotton flannelette is sandwiched between the

two layers.
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Weights
Diaper weights were obtained using a Mettler balance scale (Model P163, Curtis

Matheson Scientific, Maryland Heights, MO) with 0.001 gm graduations and reliable to

0.10 grams.

Time
The study protocol directed that diapers were to be weighed every 15 minutes

and measurements of air temperature, air velocity, and relative humidity were to be
done every 20 minutes. These times in minutes from Tine Zero were used as narrow
guidelines. That is, every attempt was made to gather data at the indicated time, but
the actual time of individual readings was not recorded. A digital clock with seconds
displayed was used as a time guide. Environmental readings were taken at plus or
minus 15 seconds to the minute indicated from Time Zero. Diaper weights were taken
at plus or minus 30 seconds to the minute indicated from Time Zero. This reflected the
amount of time necessary to remove the diaper from the environment, weigh the
diaper, and return it to the environment.
Assumptions
The artificial conditions created for the study require that several assumptions
be outlined as follows: :
1. The accuracy of urine volume measurement using diaper weights applies to
diaper types used in environments similar to those used in the experiment.
2. Scales in neonatal units are precise enough to reproduce the accuracy of
diaper weights obtained with a Mettler balance scale.
3. Frequent removal of the diapers from the environment for weights does not
alter moisture exchange with the environment.
4. A standard resuscitation doll simulates diaper surface area exposed for term
infants.
5. A 0.45% saline solution has moisture exchange properties comparable with
urine typically excreted by neonates.
Pilot Study
Prior to the simulation trials, a pilot study was done to note potential problem
areas. Both an open and closed superabsorbent disposable diaper were tested in each of
the four environments according to the study protocol. It was noted that the relative
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humidity in the incubator environments was more standardized if the environments
were not alternated as was proposed initially. No other change to the study protocol

was necessary.



CHAPTER FOUR
Presentation of Findings
Mean weight increase/decrease was determined for each trial of diaper
combinations in each environment category. Mean percentage weight increase/
decrease was determined and compared for diaper type within one setting and between
settings. Data were statistically analyzed using multivariate analysis of variance for
repeated measures using SPSS-x (SPSS-x 3.0, 1988). Statistical significance was set at p
<.01. Clinical significance was determined as a mean diaper weight increase/decrease
of 10%. This figure was selected as an acceptable error for the determination of urine
volume in fluid therapy calculations. Fluid therapy resulting in an increase or decrease
of 10% of circulating blood volume results in clinical changes in the neonate. Power of
the simulation trials was determined to be .95 with an alpha of .01, a sample size of 400,
and a small to medium effect size (Cohen, 1977).

Mean Diaper Weight Changes
Environmental Effect on Djaper Weight Change

To examine the effect of an incubator or radiant warmer environment on the
accuracy of using diaper weight to determine 0.45% saline solution volume over tire,
mean percentage weight change of diaper weights over time were analyzed. Tables 2
and 3 list the calculated mean percentage weight change over time for 5 ml and 15 ml of
added solution categorized according to environment type. Mean percentage weight
change over time categorized by environment type and volume of added solution are
further illustrated by the graphs in Appendix 4.

In the incubator set at 36.0° C with added humidity environment, all diaper
types showed an overall increase in weight over 90 minutes. Cotton diapers exhibited
an initial pattern of weight increase followed by a more gradual decrease in weight. For
the 5 ml added volume, this weight increase peaked at 60-75 minutes while for 15 ml
added volumes, the peak increase was seen at 45 minutes. Superabsorbent disposable
diapers continued to increase in weight throughout the entire 90 minutes. In the
incubator set at 36.0° C with added humidity environment, all diaper types with 15 ml
added saline solution and closed superabsorbent disposable diapers with 5 ml added
solution, did not show a 10% change in diaper weight over the 90 minute study period.

Diaper samples subjected to the remzining environments exhibited a mean



Table 2
M Di h n r A 1
Enyironm
Time in Minutes
Diaper Type | n o | 1s [ 3 |4 |60 | 75 ] %
Incubator set at 36.0°C with added humidity
Open Cotton with Burn Sheeting | 10 0 +8.8 | +109 | 4129 | +13.1 | +134 | +12.7
Open Cotton 10 0 +8.5 | +12.0 | +13.0 | +134 | +16.0 | +12.5
Closed Terrycloth 10 0 |+102 | +139 | +16.5 | +16.7 | +16.3 | +14.6
Open Disposable 10 0 +#4.6 | +7.1 | +87 | +11.2 | +128 | +14.3
Closed Disposable 10 0 406 | +12 | +18 | 424 | +18 | +34
' Incubator Set at 33.5°C
Open Cotton with Burn Sheeting | 10 0 16| 42| 61} -89 | -11.5 | -139
Open Cotton 10 0 30| 67| -105]| -144 | -183 | -23.1
Closed Terrycloth 10 0 20| 62| -109 | -157 | -209 | -26.2
Open Disposable 10 0 A1) 21| 31| 41| 51 62
Closed Disposable 10 0 02| 04| 03| 07| 09] -10
Radiant Warmer Set at 75% Heater Output
Open Cotton with Burn Sheeting { 10 0 78 | -134 | -19.1 | -243 § -286 | -34.8
Open Cotton 10 0 87| -149 | -213 | -280 | -323 | -39.7
Closed Terrycloth 10 0 -134 | -256 | -35.0 | -45.1 | -52.5 | -60.9
Open Disposable 10 0 45| 84| -112| -138 | -167 | -198
Closed Disposable 10 0 0] 15 22| 27| 33| 40
Radiant Warmer Set at 50% Heater Output
Open Cotton with Burn Sheeting | 10 0 471 93| -131 ] -174 | 211 | -250
Open Cotton 10 0 63 ] -131 ] -186 | -254 | -29.6 | -348
Closed Terrycloth 10 0 98 | -183 | 265 | -34.6 | 425 | 490
Open Disposable 10 0 36} 55| 77| 98| -11.5 | -135
Closed Disposable 10 0 06} 09| -12] -16] 20| -24

weight loss that increased over time. Diapers under the 75% output radiant warmer
showed the greatest loss, followed by those under the 50% output radiant warmer.

Diapers in the incubator set at 33.5° C environment had the lowest mean weight loss
percentage of these three samples. In the incubator environment, diaper weight loss
was less than 10% until 45 minutes of exposure.

Vol n

The effect of added solution volume on diaper weight change was also




Table 3
igh Time for 15 ml A lution
Environment
Time in Minutes
Diaper Type | n 0 | 15 ] 30 ] 45 | 60 | 75 ] 9

Incubator set at 36.0°C with added humidity
Open Cotton with Bum Sheeting | 10 0 +16 | +12 | 406 | 06| -1.7| -3.1

Open Cotton 10 0 +2.1 | +21 | +18 | +14 | +04 | 06
Closed Terrycloth 10 0 +28 | 425 | +14 00] -14 | -36
Open Disposable 10 0 +09 | +14 | 409 | +22 | 425 | +26
Closed Disposable 10 0 402 | +04 | 405 | +06 | +0.6 | +0.7

Incubator Set at 33.5°C .
D5 | 24| 46| 68| 93| -118

Open Cotton with Bumn Sheeting | 10 0

Open Cotton 10 0 191 44| 71| -127 | -129 | -162
Closed Terrycloth 10 0 7] 51} -7.8 ] -108 | -15.1 | -182
Open Disposable 10 0 06| -15) -18]| 24| 29| -34

Closed Disposable 10 0 021 02)] 03] 03] 05| -07
Radiant Warmer Set at 75% Heater Output
Open Cotton with Burn Sheeting | 10 0 S50 91 ]-139| -234 | -235 | -280

Open Cotton 10 0 53 | -105 | -16.5 | -22.3 | -26.5 | -34.3
Closed Terrycloth 10 0 <73 | -119 | -220 | -29.0 | -354 | 435
Open Disposable 10 0 25| 50| -7.1| 9.0 -108 | -12.7
Closed Disposable 10 0 06| 10| -1.3 | -L7| 22| -25

Radiant Warmer Set at 50% Heater Output

Open Cotton with Burn Sheeting | 10 0 2811 59 90| -123 | -150 | -184
Open Cotton 10 0 42 | -81]-126 | -166 | -20.6 | -24.7
Closed Terrycloth 10 0 S55)] 99 1-153 | -208 | -263 | -320
Open Disposable 10 0 22| 28] 47| 59| -10] -81
Closed Disposable 10 0 03] 04| 06| 07] 09| -1.1

examined by determination of mean percentage weight change over time. Mean
percentage weight change over time for 5 ml and 15 ml samples are found in Tables 2
and 3 respectively. For all diaper types and environment combinations, samples with
15 ml of 0.45% saline solution added exhibited a lower mean percentage change in
diaper weight. In the incubator set at 36.0° C with added humidity environment, diaper
weight change for 5 ml added solution samples was greater than 10% for four of five
diaper types and ranged from an increase of 3.4% to 14.6%. For 15 ml added solution
samples, however, the diaper weight changes were less than 10% for all diaper types
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and ranged from an increase of 2.6% to a decrease of 3.1%. Weight change for diaper
samples exposed to the incubator set at 33.5° C environment with 5 ml added solution
ranged from a decrease of 1% to 26.2% while the weight change for samples with 15 ml
added solution ranged from a decrease of 0.7% to 18.2%. Diaper weight decrease for
diaper samples exposed to the radiant warmer at 75% heater output ranged from 4% to
60.9% for 5 ml added solution samples versus 2.5% to 43.5% for 15 ml added solution
samples. Diapers exposed to the radiant warmer at 50% heater output showed a weight
decrease range of 2.4% to 49% for 5 ml added solution diaper samples compared to a
weight decrease range of 1.1% to 32% for 15 ml added solution diaper samples.

TypeE n Diaper Wei n

Mean percentage weight change of diaper weights over time were analyzed to
study the effect of diaper type on the accuracy of using diaper weight to determine
0.45% saline solution volume over time. Calculated mean percentage weight changes
classified by diaper type and volume of added solutions are found in Tables 4 and 5.
For further illustration, these weight changes have been graphed in Appendix 5.

Disposable diapers. For both 5 and 15 ml of added volumes, closed
superabsorbent disposable diapers remained nearest to the weight at Time Zero. These
diapers did not show a 10% change in any environment over the 90 minute study
period and the largest change was a 4% loss under the 75% output radiant warmer
when 5 ml of solution was originally added. Open superabsorbent disposable diapers
showed the next lowest mean weight change over time. For the 15 ml added volume,
percentage change was less than 10% in all environments except the 75% output radiant
warmer. In that case, 10% weight loss occurred between 60 and 75 minutes of exposure.
Mean percentage weight change was greater for the 5 ml volume, with greater than 10%
change by 45 minutes of exposure under the 75% output radiant warmer, 60 minutes in
the incubator set at 36.0° C with added humidity, and 75 minutes under the 50% output
radiant warmer. The mean percentage weight change for open disposable diapers was
less than 10% in the incubator set at 33.5°C.

Cotton diapers. Cotton diapers showed a greater mean percentage loss than
disposable diapers from 13.9 t0.60.9%. Closed terrycloth diapers exhibited the greatest
change in weight. For this diaper type, significant losses occurred by 15 minutes in both
radiant warmer environments and the incubator set at 33.5°C for 5 ml added solution.
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Table 4

Time in Minutes
Environment | n 0 | 15 ] 3 |4 | 60 | 75 ] 9
Open Cotton with Bumn Sheeting
Incubator with Humidity 10 0 +8.8 | +10.9 | +12.9 | +13.1 | +134 | +12.7
Incubator Set at 33.5°C 10 0 16| 42} 61 -89 | -11.5 | -139
Radiant Warmer at 75% 10 0 <78 | <134 | -19.1 | -243 | 286 | -348
Radiant Warmer at 50% 10 0 47| 93| -131 | -174 | -21.1 | -25.0
Open Cotton )
Incubator with Humidity 10 0 +8.5 | +12.0 | +13.0 | +134 | +16.0 | +12.5
Incubator Set at 33.5°C 10 0 30| 67| -105 | -144 | -183 | -23.1
Radiant Warmer at 75% 10 0 87| -147 | 213 | -280 | -323 | -39.7
Radiant Warmer at 50% 10 0 63 | -13.1 | -18.6 | -254 | -296 | -348
Closed Terrycloth
Incubator with Humidity 10 0 |+102 | +139 | +16.5 | +16.7 | +16.3 | +14.6
Incubator Set at 33.5°C 10 0 20| 62 ] -109 | -15.7 | -209 | -262
Radiant Warmer at 75% 10 0 <134 | <256 | -350 | 45.1 | -525 | -609
Radiant Warmer at 50% 10 0 98 | -183 | -265 | -34.6 | 425 | 49.0
Open Superabsorbent Disposable
Incubator with Humidity 10 0 +4.6 | +7.1°[ +87 | +11.2 | 4128 | +143
Incubator Set at 33.5°C 10 0 -1.1 -2.1 -3.1 4.1 -5.1 6.2
Radiant Warmer at 75% 10 0 45] -84 -112 1} -138| 167 | -198
Radiant Warmer at 50% 10 0 36| 55| -7.7]| 98| -115] -135
Closed Superabsorbent Disposable

Incubator with Humidity 10 0 +06]| +1.2 ] +18 | +24 | +1.8 | +34
Incubator Set at 33.5°C 10 0 02| 04| 03] 07| 09] -10
Radiant Warmer at 75% 10 0 10 15| 22| 27] -33] 40
Radiant Warmer at 50% 10 0 06| 09 -12]| -16| 02] -24

Significant losses were delayed to 30 minutes in the radiant warmer environments and
60 minutes in the incubator set at 33.5° C environment when 15 ml solution was added.
Over 90 minutes, closed terrycloth diapers showed a change of almost 61% for 5 ml of
added solution and 43% for 15 ml of added solution under the 75% output radiant
warmer. Open cotton diapers with and without burn sheeting showed similar weight
changes over time but cotton diapers without burn sheeting generally had greater total
changes. Diapers with burn sheeting exhibited significant weight changes at the same



Table 5

Time in Minutes
Environment | n o | 15 |3 | 4 | 60 | 75| %
Open Cotton with Burn Sheeting

Incubator with Humidity 10 0 |[+16]| +12] +06| 06| -1.7| -3l

Incubator Set at 33.5°C 10 0 05| 24| 46| 68] 93] -18

Radiant Warmer at 75% 10 0 Ss0| 91| -139|-234 | -235 | -280

| Radiant Warmer at 50% 10 0 281 59| 90| -123|-150 | -184
Open Cotton

Incubator with Humidity _ 10 0 [ +21] +21] +1.8 ] +14 | +04 | 06

Incubator Set at 33.5°C 10 0 9| 44| 71 ) -127 | -129 | -162

Radiant Warmer at 75% 10 0 53| -105 | -165 | -223 | 265 | -343

Radiant Warmer at 50% 10 0 42| -81)]-126 | -166 | 206 | -24.7
Closed Terrycloth

Incubator with Humidity 10 0 | +28 | +25]| +14| 00| -14| -36

Incubator Set at 33.5°C 10 0 7] 51| -78 | -108 | -151 | -182

Radiant Warmer at 75% 10 0 73| 119 | 220 | 290 | 354 | 435

Radiant Warmer at 50% 10 0 55| 99 -1531-208 | 263 | -32.0

Incubator with Humidity 10 0 +09 | +14] +09 | +22 | +25| +2¢
Incubator Set at 33.5°C 10 0 6] 15| -18| 24| 29| -34
Radiant Warmer at 75% 10 0 25| 501 -711]| 90| -108 | -12.7
Radiant Warmer at S50% 10 0 22| 28| 47] 59| -10] -81

Closed Superabsorbent Disposable -

Incubator with Humidity 10 0 +02] +04 | +05 ] +06 | +06 ] +0.7
Incubator Set at 33.5°C 10 0 02] 02| 03] 03] 05] 0.7
Radiant Warmer at 75% 10 0 06} -10f -13] -17| 22} 25
Radiant Warmer at 50% 10 0 03] 04| 06] 07] 09| -1

time interval or 15 minutes later. All diaper weights showed a significant change by 30-
45 minutes of exposure to environments with 5 ml added solution except the cotton
with burn sheeting in the incubator set at 33.5° C environment. Significant weight
changes occurred for samples with 15 ml added solution exposed to the 75% output
radiant warmer at 30-45 minutes and to the 50% output radiant warmer at 45-60
minutes of exposure. As with the 5 ml added solution samples, open cotton diapers




with burn sheeting added compared to those open cotton diapers without burn
sheeting showed significant losses 30 minutes later. Those without the burn sheeting
showed significant losses 90 minutes later.
Jiaper Weight Cnhange in ( ontro 15 b ents >
Mean percentage changes between the control and experimental samples were
also calculated to determine the effect of removing diapers from the environment every
15 minutes for weighing. Control sample diapers exhibited a greater mean percentage
change in diaper weights, both in the incubator set at 36.0° C with added humidity and
the 75% heater output radiant warmer environments. Control samples increased 18.4%
in weight in the incubator and decreased 41.6% under the radiant warmer over 90
minutes while the experimental samples increased 12.5% in the former environment
and decreased 39.7% in the latter environment. The reverse was true for the remaining
two environments. That is, control sample diapers exhibited a lower mean percentage
change. Control sample diapers in the incubator set at 33.5° C environment and the
radiant warmer at 50% environment decreased 20.5% and 29.8% respectively. In
comparison, the diaper weight losses for the experimental sample diapers were 23.1%
and 34.8%. Comparison of diaper mean percentage weight change for the control and
experimental samples are illustrated in Figure 3.

n of Factor Eff n Diaper Weigh n

Factor Effects on Diaper Weight Change

Diaper weights were analyzed statistically using multivariate analysis of
variance for repeated measures to determine how the factors of environment, volume of
added solution, and diaper type affect the accuracy of using diaper weights to
determine changes in a known amount of 0.45% saline solution over time.
Experimental Samples

The F-ratio (84,7822.44) calculated for the main effect of overall difference
between diaper weight means was significant (p <.01). This value indicates that there
was a difference in diaper weight means between the different samples. This overall
difference in diaper weight means was analyzed with respect to the factors of
environment, diaper type, volume of added solution, and time. The calculated F-ratios
for these factors were 1684.75, 473.82, 16.54, and 2301.35 respectively, and were



Figure 3. Open Cotton Mean Percentage Weight Change - Control with Experimental
Samples Comparison ,

Control A

., Experimental @

Incubator @ 36°C
with Humidity

Incubator @ 33.5°C

Radiant Warmer
@ 75%

statistically significant (p <.01). Therefore, all factors contributed to the difference in
diaper weight means between the different samples.

Further analysis indicated that interactions between the factors of environment,
diaper type, volume of added solution, and time also contributed to the difference in
diaper weight means between the different groups. All F-ratios calculated for two-way
interaction effects between factors of environment, diaper type, volume, and time were
statistically significant (p <.01). The three-way interactions of environment-diaper
type-time, environment-volume-time, and diaper type-volume-time also had
statistically significant (p <.01) F-ratios of 43.31, 65.59, and 4.36 respectively. The F-ratio
of 5.36 calculated for the interaction of the factors of environment, diaper type, volume
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added, and time was also statistically significant (p <.01). Therefore, there was a
difference in measured mean diaper weights over time and these differences were
affected by the factors of environment, diaper type, volume of added solution, and time
and all possible interactions between these factors. Results of main effects and
interaction effects from multivariate analysis of variance are found in Table 6.

ntrol ]

A sample of 10 open cotton diapers with 5 ml added 0.45% saline solution
exposed to the four environments for 90 minutes without interval weights was
compared to the similar experimental sample exposed to interval weights. Multivariate
analysis of variance for repeated measures indicated a significant (p <.01) change in
weight overall and significant effects due to environment and time factors, and a time-
environment interaction effect with F-ratios of 54,280.99, 256.49, 658.31, and 256.49
respectively. Exposure to interval diaper weighing did not show a significant effect on

Table 6
Itivariat is of Varian ults - Experimental Sampl
Sumof | Mean Degrees | Degrees [Probability
Part of Model Squares | Squares | F-Ratio | Freedom | Freedom | * p<.01
Hypothesis

Grand Mean (GM) 244425 | 2444.25|847822.44 1.0 ] 3600 |[.0*
Environmeat (ENV) 14.57 486 1684.75] 3.0 | 3600 |.0
Diaper Type (DIAP) 546 137] 47382 40 | 3600 }.0*
Volume (VOL) 0.05 0.05 16.54 10 | 3600 |.6E4*
ENV * DIAP 4.50 0371 12996 120 | 3600 |[.0*
ENV*VOL 197 066 22831 30 | 3600 |.0*
DIAP * VOL 0.11 0.03 9.79 40 | 3600 |.157E-6*
ENV *DIAP* VOL 0.60 0.05 17.27 120 | 360.0 |.754E-13*
TIME 6.18 1.03] 2301.35 6.0 | 21600 ].0*
ENV * TIME 4.62 026 571211 180 | 21600 |.0*
DIAP * TIME 295 0.12] 274.28 240 | 2160.0 |.0*
VOL * TIME 0.03 [0.4306E-2 9.62 6.0 | 21600 |.182E-9*
ENV * DIAP * TIME 140 0.02 4331 720 | 21600 |.0*
ENV* VOL * TIME 0.53 0.03 65.59 180 | 2160.0 |.7-4*
DIAP * VOL * TIME 0.05 |0.1950E-2 4.36 240 | 2160.0 |.422E-5*
ENV * DIAP * VOL * TIME 0.17 ]0.2402E-2 5.36 720 | 2160.0 |.336E-5*
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mean diaper weights with a calculated F-ratio of 3.53 and a probability of .06434.
Interaction effects between the factors of environment and time in combination with
experimental or control sample grouping were also statistically non-significant. Table 7
provides a summary table for the control group analysis of variance results. Thsse
results indicate that there was a difference in measured mean diaper weights over time
for both the control and experimental samples. This difference in diaper weights was
due to the factor effects of environment and time and a time-environment interaction.
Whether the diaper was subjected to the control or experimental weighing intervals did
not affect the mean diaper weight changes measured in the simulations.
Comparison of Factor Effects

Post hoc multiple comparisons using the Student’s Newman-Keuls test were
done to further describe the observed differences in mean diaper weights over time.
Comparisons that would delineate every factor were not possible due to the number of
cells that could be created with the test procedure. The probability value for this test is
preset at p <.05 and could not be altered to match the significance level chosen for the
multivariate analysis of variance.

Table7
Multivariate Analysis of Variance Results - Control Sampl

Sumof | Mean Degrees | Degrees ‘Probability
Part of Model Squares | Square | F-Ratio | Freedom | Freedom | *p<.01
ypothesis

Grand Mean (GM) 129.83 | 129.83 | 54280.99 1.0 720 0+
Environment (ENV) 1.84 0.61 256.49 30 720 |239E-37*
TYPE® 0.8441E-2 |0.8441E-2 3.53 1.0 720 06434
ENV * TYPE 0.9160E-2 {0.3053E-2 128 30 720 28890
TIME 1.57 1.57 658.31 1.0 720 |.590E-37*
ENV * TIME 1.84 0.61 256.49 30 720 |239E-37*
TYPE * TIME 0.8441E-2 |0.8441E-2 3.53 10 - 720 06434
ENV * TYPE * TIME 0.9160E-2 |0.3053E-2 1.28 30 720 28890

b - Type refers to control or experimental sample




Experimental Samples
Most comparisons between diaper type and time show a significant effect (p

<.05). These results suggest that observed diaper weight means, and therefore moisture
exchange, varied according to the type of diaper and time of exposure to environmental
conditions. Non-significant comparisons occurred between different diaper types at
similar times reflecting similar rates of moisture exchange for some diaper types.
Closed superabsorbent disposable diapers showed non-significant comparisons
between all time intervals indicating small changes throughout the testing period.
Results of the comparisons between time interval and diaper type are found in Table 8.

Multiple comparisons of environment type with diaper type were also done.
Most comparisons revealed significant differences (p <.05) which indicated that diaper
weight change varied between samples of diaper types exposed to different
environments. There were non-significant differences between the diaper weight
change for closed superabsorbent disposable diapers in the incubator set at 33.5° C and
the 50% output radiant warmer environment. Open cotton with burn sheeting, open
cotton, closed terrycloth, and open superabsorbent disposable diapers showed non-
significant differences in the incubator environment set at 36.0° C with added humidity.
Table 9 illustrates the comparisons between environment and diaper type.

Multiple comparisons between volume added and diaper type indicate
-significant comparisons (p <.05) unless the comparisons were between the same diaper
type and different volumes of added solution. These comparisons suggest different
diaper weight change for different diaper types and similar diaper weight change for
same diaper types with different volumes of added solution. Table 10 summarizes
multiple comparisons for volume of solution added and diaper type.

Multiple comparisons identifying the factors of environment type, time
intervals, and volume of added solution were also done. Most comparisons were
significant (p <.05). The results indicate that diaper weight change varied with
environments, time intervals, and volume of added solution. Non-significant
comparisons occurred for all Time Interval One comparisons between environment and
diaper types which is expected since the mean change is zero at this time. Other
random non-significant results appeared between differing volumes added,
environments, and time intervals suggesting similar mean changes at different time
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A
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Legend 1w 75 =Radiant warmer at 75% output

rw 50 = Radiant warmer at 50% output
incub = incubator set at 33.5° C
incuH = incubator at 36.0° C with added humidity
¢ bum = open cotton diaper with burn sheeting
cotton = open cotton diaper
terry = closed cotton terrycloth diaper
odis = open superabsorbent disposable diaper
cdis = closed superabsorbant disposable diaper
* = significant difference of means with
Student’s Newman-Keuls Test (p < .05)
A = non-significant Difference of means
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Table 10

terry S
terry 15| A
coton S| * *
cotton 15| * * A
cbum 15| * * * *
cbum S| * * ** A
Odis Stt#ttt
Odis ls .tttttA
cdis sttttttt‘
cdis 15 ttttttt‘A
mVvnonmnuvmunmnnonununmm
—( -t - - —
EEEE
g8 2.2 99
5588553333

Legend  terry =closed cotton terrycloth diaper
cotton = open cotton diaper
¢ bum = open cotton diaper with bum sheeting
o dis = open superabsorbent disposable diaper
¢ dis = closed superabsorbant disposable diaper
S or 15 = volume of 0.45% saline solution added
* or A = significant or non-significance multiple comparisons with
Student's Newman-Keuls Test (p < .05)

exposures under various conditions. For diapers with 15 ml of added solution exposed
to the high humidity incubator environment, comparisons at Time Intervals Two and
Three are significant but are non-significant at the remaining time intervals, suggesting
that only initial exposure to the environment resulted in different diaper weight change.
Comparisons between environment type, time interval, and volume of solution added
are identified in Table 11.
Control Samples

Post hoc multiple comparisons between environment type, control or
experimental grouping, and time intervals were performed with the Student’s
Newman-Keuls test. Most comparisons between these factors were significant (p <.05).
As expected, comparisons between control and experimental samples at number one or
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rw 75 = radiant warmer at 75% heater output
rw 50 = radiant warmer at 50% heater output
incub = incubator sez at 33.5°C
incuH = incubator at 36.0°C with added Humidity
number - number = volume added to diaper - time interval
time interval I - 7 indicates time 0, 15, 30, 60, 75, and 90 minutes respectively
* = significant difference of means with Student's Newman-Keuls Test (p < .05)
A = non-significant Difference of means
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Time Zero were non-significant (p >.05). Multiple comparisons between the
experimental and control samples under the radiant warmer at 50% heater output and
i the incubator environment set at 36.0° C with added humidity showed statistically
significant differences. Table 12 identifies significant and non-significant multiple

Table 12
Multiple Compari - Control Sampl
Environm j T nd Time Interv.
w@ 75 CON#7
w@ 75 EXP#7 | A
w@ 50 EXP#7 | * *
w@ 50 CON#7 | * * *
incubator EXP#7 | * *= * =
incubator CON#7 | * = *= = A
incubatorH CON#1 | * * * %= * »
incubatorH EXP#]1 | * * * * *= * A
w@ 50 CON#1 | * = *= = & = A A
incubator CON#1 | * *# * » » ¢+ A A A
w@ 75 CON#l | *= & = = &= = A AAA
incubator EXP#1 | * = * = = « A AAAA
w@ 50 EXP#1 | * * = = & = A AAAAA
w@ 75 EXi¥l | = * %= % & % A AAAAAA
incubatorH EXP#T | # *# *# & * & % ¢ % ¢ 3 & & »
incubatorH CON#7 | ® *# *# % % & s ¢ % & 5 # « » »
I
CHESHSSES80nuEaEg
MHEE [ [ EE
RRRREEEERERERLES
S388083" 28 3

Legend sw@ 75 = Radiant warmer at 75% output
. '@ 50 = Radisng warmer at 50% output
incubatorH = incubaor at 36.0° C with added Humidity
EXP = Expetimental Group
CON & Control Group
#1 = Time zero
#7 = Time 90 minutes
A = Non-significant difference of means
* = Significant Difference of means Student’s Newman-Keuls test (p < .05)
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comparisons between environment type, control or experimental grouping, and time

intervals.
Comparison of Environmental Parameters

Environmental parameters of air velocity, air temperature, and relative humidity
were measured every 20 minutes during diaper trials in each of the four simulation
environments. Means, standard deviations, and ranges of these parameters were
determined to delineate conditions in each environment.
Experimental Samples

The incubator set at 36.0° C with added humidity measured the greatest mean
relative humidity at 85.4% and greatest mean air temperature at 35.9° C. The radiant
warmer set at 75% heater output measured the lowest mean relative humidity at 31.6%
while under the radiant warmer at 50% heater output and in the incubator sét at 33.5° C
it was measured at 33.9% and 44.0% respectively. Mean air temperatures measured at
30.2° C for the high output and 28.3° C for the low output radiant warmer environments
which was less than the 33.4° C measured in the low humidity incubator. In order of
descending magnitude the mean air velocities measured were 0.10 m/sec, 0.064 m/sec,
and 0.058 m/sec for the high output radiant warmer, low output radiant warmer, low
humidity incubator, and high humidity incubator respectively. Means, standard
deviations, and ranges for the environmental parameters of air velocity, air
temperature, and relative humidity categorized by environment type are found in
Table 13.
Control Samples

Environmental conditions for the experimental and control samples were
measured and calculated in terms of means and standard deviations for air velocity, air
temperature, and relative humidity in order to compare the similarity of the
environments. Air velocity was similar for both control and experimental samples
except for a 0.03 m/sec greater value for the experimental samples. Air temperature
showed the greatest variance under the radiant warmers with the experimental samples
showing a mean temperature approximately 0.05° C greater under the 75% output
radiant warmer and 0.08° C under the 50% output radiant warmer environment.
Measured mean relative humidities were very similar with the largest measured
difference of approximately 1% under the 50% heater output radiant warmer

environment. Table 14 summarizes these values.
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Table 13
Environment Air Velocity (m/sec) Air Temperature ('C) | Relative Humidity (%)
M SD Rangey M SD Range| M SD  Range
Incubator at 36.0°C with| 0297 | .0158 | .005 - 35.9496| .0588 | 35.5 - |85.3678|2.8564 | 73.9-
Humidity 110 363 928
Incubator at 33°C 0577 | 0228 | .005- |33.4238| .0266 | 33.2- |44.0462]1.7303 | 41.0-
100 336 513
'Radiant Warmer at 75% | .1016 | .0153 | .040- [30.2310] 1.0394 | 27.5- [31.5990{ 2.5708 | 20.2 -
Output 195 32.1 408
Radiant Warmer at 50% | .0640 | .0098 | .025- [28.3262| 3904 | 27.4 - |33.8670| 2.1725 | 29.5-
Output 165 29.2 43.7
All Environments 0633 | .0305 | .005- |31.9818|2.9818 | 27.4 - |48.7200|21.8270| 20.2 -
195 36.3 92.8
Table 14
Environm m - Control Sampl
Environmental Means Air Velocity (m/sec) | Air Temperature ("C) {Relative Humidity (%)
M SD M SD M D
Incubator @ 36°C Humidity
Control 0500 0105 | 358780 | .0466 | 87.6760 1.2956
tixperimental 0386 0132 | 359300 | .0380 | 87.6840 | 22125
Incubator @ 33.5°C
Control 0433 0110 | 334360 | 0263 | 439040 0126
Experimental 0735 0049 | 334380 | .0382 | 434280 6394
Radiant Warmer @ 75%
Control 0905 0150 | 295640 | 2873 | 33.0000 | 2.5502
Experimental | 0915 0106 | 300280 | 2044 | 32.7920 1.7814
Radiant Warmer @ 50%
Control 0663 0091 | 279500 | .0999 | 31.7060 6167
Experimental 0597 0078 | 28.7880 | .1360 | 32.7480 8657
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CHAPTER FIVE
Discussion

The results of this simulation of diapering practices in a neonatal intensive care
unit indicate that all of the factors tested— environment, diaper type, volume of added
solution and time—affect significantly (p <.01) the accuracy of diapér weights in
measuring urine output volume. Therefore, all of these factors must be considered in
clinical situations when interpreting results from measuring urine output by weighing
diapers.

Post hoc multiple comparisons using the Student’s Newman-Keuls test are
difficult to compare with results from the analysis of variance because the probability
value of the former test was set at p <.05 while the latter was set at p <.01. This
difference in probability values may have contributed to the conflicting results obtained
for the significance of the factor Volume of Added Solution. Analysis of variance
indicates that this factor is statistically significant while results from the multiple
comparisons indicate it is not. Because of the limitations on the number of possible cells
in the comparison test, comparisons involving every level of each factor identified in the
simulation were n:; possible. A greater number of comparisons may have provided
additional information for analysis.

Environment

The effect of environment on diaper weight accuracy is related to the conditions
in the environment that affect moisture exchange. In this simulation, air temperature,
relative humidity, and air velocity were the environmental conditions measured. The
experimental design does not allow for complete delineation of the effects of individual
conditions since the simulated environments varied on all factors. For the tested
environments, diapers increased or decreased in weight over time according to the
measured humidity. Diapers in the environment with the lowest measured relative
humidity lost the most weight while diapers in the environment with the highest
humidity increased in weight or lost the least amount of weight. Diapers in the
environment with largest air velocity showed the greatest decrease in weight while
those diapers in th environment the lowest air velocity increased in weight or had the
smallest decrease in weight. Measured ambient air temperatures did not exhibit a
similar relationship with diaper weight increase or decrease.
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In the incubator set at 36.0° C with added humidity, the measured mean air
velocity was the lowest (.0297 m/sec) while the mean relative humidity was the greatest
(85.4%). These conditions would tend to limit evaporation or cause condensation
resulting in all diaper combinations increasing in weight. This environment also had
the highest measured mean air temperature (35.9° C) which would tend to increase
evaporation in the environment by providing energy for conversion of moisture to
vapour.

In this simulation, wet diapers were introduced into the environment whereas in
a clinical situation, a dry diaper would be introduced and removed only when it was
felt that the infant had voided. In a high humidity environment, the potential exists for
the nurse to be weighing diapers that feel “wet” and yet have no urine on them. A
controlled simulation in which dry diapers introduced into a high humidity
environment were weighed sequentially over time is indicated to determine if an
additional weight increase is probable in this more life-like situation. This information
may determine that diapers should be changed periodically to limit the effect of
weighing condensed water. Predicting from the results of this simulation, diapers might
need to be changed as frequently as every 30 minutes to avoid more than a 10%
measurement error.

In the remaining simulation environments, all diaper combinations lost weight
over time in amounts directly related to the air velocity and inversely related to the
relative humidity. Therefore, diaper combinations in the incubator set at 33.5°C
environment showed the least weight loss because this environment measured the
second highest mean relative humidity (44.0%) and second lowest mean air velocity
(.0577 m/sec). Like the high humidity environment, losses were lower despite a higher
measured air temperature than the radiant warmer environments.

Diaper combinations exposed to the radiant warmer at 75% heater cutput
exhibited the greatest losses over time and this environment measured the lowest mean
relative humidity (31.6%) and highest mean air velocity (.1016 m/sec). Mean ambient
air temperature under the 75% heater output radiant warmer was higher than the level
measured under the 50% heater output radiant warmer environment (30.2 versus 28.3°
C). Day-to-day air condition variations, and a difference in air temperature resulting
from radiant output levels may account for the differences in measured mean relative
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humidity and air velocity between the two environments.

The effects of incubator versus radiant warmer environments support the results
given in two previous studies. As Hermansen and Buches (1988) reported, losses were
greater for the radiant warmer environment with the greater heater output. Also, losses
were greater under a radiant warmer than in an incubator as reported by William and
Kanarek (1982) reported. Results from this simulation vary from those reported by
Cooke, Werkman, and Watson (1989) which showed no differences in losses between an
incubator and a radiant warmer environment. A lower relative humidity in the
incubator used in their study may have been a factor affecting these results.

Consistent patterns of mean diaper weight change were not measured. That is,
it was not possible to predict the weight change over 15 minutes based on the amount
of change in the previous 15 minutes. The overall pattern was a consistent weight loss
in the environments other than the incubator at 36° C added humidity. This weight loss
appears almost linear over time. Cotton diaper combinations in the added humidity
incubator environment increased in weight initially and then lost weight.

Volume

As indicated in several published studies (Cooke, Werkman & Watson, 1989;
Hermansen & Buches, 1988; Williams & Kanarek, 1982), different volumes of added
solution affected the mean percentage diaper weight change. All diaper combinations
with 5.0 ml 0.45% saline solution added showed greater mean percentage weight
changes than those samples with 15 ml added and a 10% change in diaper weight
occurred more quickly for the 5ml samples. Therefore, over time, weighing diapers
was less accurate for a smaller volume of solution than for a larger volume.

Diaper Type

One of the main factors between diaper types that affected diaper weight change
over time in the simulation environments was the fibre composition of the diapers.
There were differences in weight changes if the diaper was composed of cotton or man-
made material. In the incubator set at 36.0° C with added humidity, all diapers
increased in weight. For cotton diaper combinations, however, a decrease in diaper
weight followed the initial weight increase. A net loss of weight over time was
measured for 15 ml added solution samples but not for 5 ml added solution samples. It
is unknown why cotton diapers showed this change in moisture exchange with the
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environment over time or why the change varied for the different volumes of solution.
In contrast, superabsorbent disposable diapers showed a continuous weight increase
over time. These findings are supported by Hermansen and Buches (1987) who also
documented that superabsorbent disposable diapers gain weight in high humidity
environments.

Superabsorbent diapers showed a lower mean percentage weight change over
time compared to cotton diapers. In addition, closed superabsorbent disposable diapers
showed consistently smaller weight variations than did the open disposable diaper
combination. Most of the studies reported in the literature studied the environmental
effects on regular disposable diapers so it is difficult to compare results with this
simulation. However, results given for open superabsorbent Pampers under a radiant
warmer set at 50% heater output by Hermansen and Buches (1988) are very similar to
the results obtained in this simulation. In both studies, open superabsorbent disposable
diapers under the 50% heater output radiant warmer showed a less than 10% mean
weight loss over 90 minutes. Closed superabsorbent disposable diapers in this
simulation showed less of a weight loss over 9 minutes than did the closed regular
disposable diapers used in the Hermansen and Buches (1988) experiment.

The diaper combination with the greatest measured weight change was the
closed terrycloth combination. This finding may relate to the potentially larger surface
area created on the outside of the diaper by the terry loops. Also, the wet centre may
have had greater exposure to environmental conditions as it was lifted to fasten the
diaper on the doll. The addition of burn sheeting on the open cotton diaper altered the
moisture exchange slightly as these diaper samples showed a smaller increase or
decrease in weight compared to those open cotton samples without the burn sheeting.

Control Samples

Comparison of control group samples with experimental samples using a two-
way analysis of variance indicated that the frequent removal of the experimental
diapers for sequential weights did not alter the mean weight change over time
significantly (p <.01). Therefore, similar diaper weight changes could be expected in
similar clinical environments when an infant’s diaper is left in the environment for
periods greater than 15 minutes. In contrast, post hoc multiple comparisons with the
Student’s Newman-Keuls test indicated statistically significant differences between the
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control and experimental groups for the 50% output radiant warmer and incubator set
at 36.0° C with added humidity environments (p <.05). These conflicting results may
relate to the differences in significance values between the two tests. Also, the overall
effect determined by diaper weight changes in all four environments may have masked
the changes in the two indicated environments.

The accuracy of urine volume measurement using diaper weights determined
from this simulation applies only to selected diaper types used in similar environmental
conditions. This limits the applicability of the results to the wide range of
environmental conditions found in clinical situations. However, knowledge of how
diaper weights change over time in the four environments created in the simulation can
provide rough guidelines for the practitioner.

In the simulation trials, closed superabsorbent disposable diapers showed less
than 4% weight change over 90 minutes and were the most accurate. This value may
differ in actual clinical situations, however, since the diaper fit on the doll was snug
compared to what might be achieved on a very small infant. In these cases, the clinical
value should occur somewhere between the values obtained for the closed
superabsorbent disposable diaper trials and those obtained for the open superabsorbent
diaper trials; or between 4% and 19.8% for the greatest changes measured under the
75% heater output radiant warmer. Likewise, there is a larger surface area exposed for
open diapers when small infants are placed on them which could alter the diaper
weight change reported. For open diapers, though, the diapers could easily be folded to
limit exposed area.

Variations in the concentration of neonates’ urine in clinical situations might
also result in diaper weight changes that vary from those indicated in the results of this
study. Further study is necessary to determine if very dilute or concentrated urine
would alter significantly diaper weight changes shown with the use of the 0.45% saline
solution.

The design of the study could have been improved with continuous
environmental monitoring. With this information, variations in environmental
conditions would be clearer. Continuous or more frequent measurement of
environmental factors would also allow factors such as relative humidity, air velocity,
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and air temperature to be isolated as factors in the analysis of variance instead of an

overall environmental grouping.

Nursing Implications
Accurate measurement and determination of urine output using diaper weights

is most important for very small immature infants. Additionally, body fluid
distribution, skin evaporative water losses, and immature renal function in these infants
make fluid balance critical but difficult to manage, especially in the environments
designed to keep them warm. Very small immature infants tend to require high heater
outputs when nursed under a radiant warmer and high air temperatures when nursed
in an incubator. Also, the addition of highly humidified air to the incubator
environment during the initial week of life has been recommended as a method to limit
heat and water loss by these infants. These environmental conditions also affect the
moisture exchange properties of the diaper environment.

Both the radiant warmer and incubator environments have the potential to limit
the accuracy of diaper weights as a method of urine output measurement. Use of cotton
diapers or open superabsorbent disposable diapers that are not frequently checked for
urine could result in highly inaccurate calculation of urine volume. Use of this
questionable figure in the determination of fluid management strategies may subject the
infant to dehydration or overhydration.

Results from this study indicate that closed superabsorbent disposable diapers
should be used to collect urine in those situations where precise urine output
measurement for infants voiding small volumes is required since the mean percent
weight change over 90 minutes was not greater than 4% in all environments. Open
superabsorbent disposable diapers represent the next best alternative for precise
measurements if closed ones cannot be used. However, infants should be checked for
voiding every 30 minutes in the warmer incubator and radiant warmer environments
and every 60 minutes in other environments. If cotton diapers are used for infants
voiding small volumes of urine, diapers should be checked for urine every 15 minutes.
In the opinion of the researcher, however, disturbing a sick infant every 15 minutes to
check for voiding represents suboptimal nursing care. These diapers are not
recommended for clinical situations requiring precise measurements.

For infants voiding larger volumes of urine in any of the simulated
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environments, diaper weights using closed superabsorbent disposable diapers showed
mean percentage changes no greater than 2.5% over 90 minutes, thus, representing an
accurate method of measuring volume. Open superabsorbent disposable diapers are a
good altemnative for use with this populatic:: =+ ¢ less than a 10% mean percentage
weight change after 60 minutes in all env* “otton diaper combinations
showed a mean percentage weight change - m 30-60 minutes in all
environments but the incubator setat "+.;".  -..:ufore, diapers should be checked for
urine every 30 minutes if these diapers are usex: 10 determine s rine output for infants
voiding larger volumes of utine.

Increasing concern over waste management of disposable diapers has resulted
in a call for increased use of nondisposable diapers. Therefore, the neonatal nurse must
balance carefully the need for precise urine output measurements with environmental
concerns. When accurate determination of urine volume is necessary for sick infants
voiding small volumes of urine, use of disposable diapers can be justified despite the
environmental cost. When less precise measurements are needed, the infant is voiding
large volumes of urine, and/or the infant can be disturbed more frequently without
adverse effects, use of cotton diapers for diaper weights may give adequate results and
at the same time address environmental concerns.

Conclusion

Urine volume is important in the determination of renal function and fluid
therapy in the neonate. It is often difficult to collect urine for urine volume
measurement; therefore, comparison of prevoiding and postvoiding diaper weights has
been suggested as a method to determine urine volume. However, neonatal warming
environments may alter the moisture exchange in the environment resulting in
inaccurate calculation of volume.

A simulation experiment using an incubator and radiant warmer in which five
different diaper combinations with two volumes of added solution were placed in four
different neonatal environments was conducted to determine the accuracy of diaper
weights in the measurement of flud volume. These diaper combinations were weighed
at 15 minute intervals over 90 minutes to determine diaper vreight changes over time.

Results of the simulation trials indicated that the accuracy of diaper weights in
the determination of neonatal urine output volume is dependent upon the factors of



time, environment, diaper type, and urine volume. If the neonatal nurse applies
knowledge of these factors to clinical situations, it is possible for diaper weights to
determine urine output accurately. If these factors are ignored, the nurse may calculate
a urine output that varies significantly from the actual volume voided. The accuracy of
urine losses is a significant factor in the determination of both fluid balance and renal
function.

Infants voiding small volumes of urine and who are subjected to high output
radiant heat or high humidity incubators require closed superabsorbent disposable
diapers to determine urine volume accurately. Infants voiding larger volumes of urine
or those subjected to less intense environmental conditions may have urine collected
with other diaper types that are checked for urine frequently and have urine output
determined accurately.
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Appendix 1
Diaper Weighing/Urine Qutput Studies
Cooke,
Study Hutton & Wiliams & Hermansen& Hermansen& Werkman &
Schreiner, 1980 Kanarek, 1982 Buches, 1987 Buches, 1988 Watson, 1989
Environment Roomtemp, Incubator@ Incubatorat Radiant Radiant
andradiant 34°C,and maximum heat warmer at 100%warmer or
heater @ 345 C radiant warmer and humidity & 50 % outputs incubator set
with and room temp. for dipater
phototherupy temp @
32.8-339°C
with and
without heat
shield
Diaper Pamperand Pamper Super- Openregular American
cotton ball with absorbentand and disposable
plastic wrap regular superabsorbent diaper
Pampers Pamper and
closed Pamper
Fluid & t50r50miof 10mliofadult No fluid added 3,7.5, 15, 30, 0or 1.0,2.5,0r5.0
Volume adulturine  urine 60 ml of water ml of water
Scale Analytical Triplebeam  Not noted Scale-Tronix ~ Mettler balance
balance balance " DiaperScale scale
Weighing 1,30, 60, & 120 0,30,60,120, 120minutes 5, 10, 15, 20, 30, 15,3045,60, &
times minutes & 180 minutes 40,50,60,75, 120 minutes
90, 105, & 120
minutes
Test % volume % volume Weight change Two-way % volume

change change analysis of change
variance with repeated
repeated measures
measures over analysis of
time varaince



Appendix 1 Continued
Diaper Weighing/Urine Output Studies
Cooke,

Study Hutton & Wiliams & Hermansen& Hermansen& Werkmané&

Schreiner, 1980 Kanarek, 1982 Buches, 1987  Buches, 1988  Watson, 1989
Changein Radiant Incubator loss Super Pampers Statistical No effect of
volume by warmer - 15% at 120 min; gained 1.5 gms significant loss environment on
weight Pmaperslost radiant warmer over 2hours,  in weight from weight change

15% by 30 min. losses sig while Pampers all types, noted and data
Room temp- greaterthan  gained 04 gms greates from  grouped. All

cotton <10% at incubator losses 100% output  lost weightasa
60 min & from 30 min at and open function of time
Pampers17% p<.001 regular and loss of 5%
at 30 min. Pampers. Leastby 15 mins.

inroom temp Mean % weight
and closed loss sig greater
pamper. Open and faster for
Pamper in 100%smaller
lost10%in15 volumes.

min while room

temp lost 10%

after 40 min.



Appendix 2
Study Protocol

1. Ready “environment”. Tum on equipment. Wait one hour.

2. Randomly select one dizper of study type

3. Measure environmental humidity, temperature, and air velocity
. Weigh diaper

Add known volum:: of 0.45% saline solution

. Weigh diaper again
Place diaper in selected environment, under or around doll as indicated and record

N oo

time zero
. Weigh diaper at 15 minutes from time zero
- Record environmental humidity, temperature, and air velocity at 20 minutes from
time zero
10. Weigh diaper at 30 minutes from time zero
11. Record environmental humidity, temperature, and air velocity at 40 minutes from
time zero
12. Weigh diaper at 45 minutes from: time zero
13. Weigh diaper and record environmental humidity, temperature, and air velocity at
60 minutes from time zero
14. Weigh diaper at 75 minutes from time zero
15. Record environmental humidity, temperature, and air velocity at 80 minutes from
time zero
16. Weigh diaper at 90 minutes from time zero. One trial completed.

0 o



Appendix 3
Diaper Samples Testing Order

Environment

Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output
Incubator @ 36.0° with added humidity
Radiant Warmer @ 75% output

Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 59% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output
Incubator @ 33.5°
Radiant Warmer @ 50% output

Diaper

Open Cotton with burn sheeting
Open Cotton with burn sheeting
Open Cotton

Open Cotton

Closed Terrycloth

Closed Terrycloth

Open Cotton

Open Cotton

Open Cotton with bumn sheeting
Open Cotton with burn sheeting

Open Disposable
Open Disposable
Closed Disposable

Closed Disposable
Closed Terrycloth

Closed Terrycloth

Open Disposable
Open Disposable
Closed Disposable
Closed Disposable

Closed Terrycloth
Closed Terrycloth
Closed Terrycloth
Closed Terrycloth

Open Cotton

Open Cotton
Open Cotton with burn sheeting

Cotton with burn sheeting
Open Cotton with burn sheeting
Open Cotton with burn sheeting
Closed Disposable
Closed Disposable
Closed Disposable
Closed Disposable
Open Disposable
Open Disposable
Open Cotton
Open Cotton
Open Disposable
Open Disposable

Volume of
Solution

15ml
I5mi
15ml
15ml
15ml
15ml
Sml
dmi
5ml
5ml
15ml
15ml
15ml
I5ml
5mi
5ml
5ml
5ml
5ml
S5ml
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Appendix 4
Percent 52
Gﬂinil'l so -
Weight o .
46 - Legend
4 4 Cotton with Bum Shogting
w] OpenCoton_ _ _ _ _
38 Close Terry
g: 3 Open Disposable
3
32+ Closed Disposable
30 4
28
26 -
24 1
22
20 7
18 4
16 " ToTEeI .
:; '5 ./" - -....-..a-&
10 4 =
8 - et
6 7
47 —
2 T — ~—,
0 =T ! ) r '
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)
(by diaper type) M S M SR M SR
Ovenall Mean . 028 | 0164 | 359712 | 0483 | 863512 | 1.7445
Cesion with bum sheeting 0466 | 0111 | 359520 | .0413 | 87.1020 | 0.8306
Open cokiion . 0386 0132 | 359300 | .0380 | 87.6840 | 22125
Closed tenrycloth 0163 | 0118 | 359920 | 0559 | 843760 | 1.0350
Open superabsorbent dispossble {0346 | 0073 | 359800 | .0267 | 86.6880 | 1.4%93
Closed supersbsocbent disposable| 0127 | 0043 | 360020 | 0426 | 855060 | 0.6187 __




32 1 Lesend

34 4 Cotton with Bum Sheeting

236 -

-38 - nggo “_°“........_

40 Closed Terry

42 e

_44: Upea Disposable

-46'i Closed Disposable

48 -

.50-'

-52 | T 13 T Y = 1

15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) [Relative Humidity (%)
(by diaper type) M sSD M s M sD

Overall Mean 0661 0171 | 334280 | .0256 | 44.0988 | 1.8234
Cotton with bum sheeting 0600 0179 | 334160 | .0158 | 43.8420 | 0.1259
Open cotton 0735 0049 | 334380 | .0382 | 434280 | 0.6394
Closed terrycloth . 0420 0087 | 334160 | 0184 | 469440 | 2.1006
Open superabsorbent disposable | 0730 0078 | 334500 | 0141 | 43.5860 | 0.2235
Closed superabsorbent disposable| 0821 | .0044 | 334200 | 0163 | 42,6940 | 1.0780
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-36 4 Legend N\,
:33 r \, \\
42 Cotton with Burn Sheeting N,
%6 - OpenCoton \.
s Closed Terry A N
-5'3 r Open Dispesable \\
56 Closed Disposable N
-58 = .
60 * N
‘62 | ) ] | | L
15 30 45 60 75 ()
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) (Relative Humidity (%)
(by diaper typz) M SD M Sp M Sp
Overall Mean 1051 0127 | 30.7684 | .6548 | 323336 | 23300
Cotton with bum sheeting .1040 0003 | 30.1880 | .573¢ | 33.5560 | 1.5717
Open cotton 0915 0106 | 300280 [ 2044 | 32.7920 | 1.7814
Closed tezrycloth _ 1044 0086 | 31.2860 | .2824 | 29.8420 | 1.2586
Open superabsorbent wmle 1004 0119 | 308800 | .1320 | 349720 | 1.0255
Closed superabsorbent disposable| 1154 0093 | 314600 | .1998 | 30.5060 | 1.0196
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Cotton with Bumn Sheeting

OpenCouon _ _ _ _ N
Closed Terry . R
Open Disposable \.\
Closed Disprsable \.
N,
[ ]  { | | | | I ]
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (C) |Relaiive Humidity (%)
(by diaper type) M sSD M sD M sD
Overall Mean 0637 0096 | 284808 | 2639 | 34.8708 | 2.3442
Cotton with burn sheeting 0628 0090 | 282820 | .1109 | 372640 | 1.2225
Open cotton 0597 0078 | 28.7880 | .1360 | 32.74803 | 0.8637
Closed terrycloth . 0728 0081 | 282020 | .1800 | 36.0860 | 28119
Open superabsorbent disposable | 0594 0104 | 286980 | .0769 | 33.8360 | 1.1127
Closed superabsorbent disposable| 0637 0071 | 284340 | .1418 | 334200 | 2.0258




Appendi 4

Cotton with Burn Sheeting

S g h e i e

Clvssid seasy
L TR Y -

V. . e

---------------------------

f?losed Disposable

SRR BREES

8

6 -

4 -

2

U

2 -

4

6

-8 -
15 30 45 60 75 9
Time in Minutes
Environmental Means Ai~ Velocity (m/sec) Air Ter:perature (°C) {Relative Humidity (%)
(by diaper type) M sSD M sSD M sp
Overall Mean . 0297 0154 | 359280 | .0609 | 84.3844 | 3.3864
Cotton with burn sheeting 0199 0099 | 359480 | 0424 | 789460 | 19735
Open cotion 0493 0115 | 358820 | .0503 | 882280 | 1.2034
Closed terry, ‘~th _ 0402 0070 | 358780 | .0305 | 85.8800 | 1.7916
Open superabs:<bent dxsposnble 0162 0080 | 359960 | .0350 | 839700 | 0.7474
Closed superabscebent disposable| 228 0061 | 359360 | .0540 | 84.8980 [ 1.0389




Appendix 4
Incubator @ 33,5°C with Added Homidity  15ml 045% NaCl Added
Percent 0 7
Loqsin D -
Weight 4 4
46 -
€ 7
-10
-12
14 4
-16
-18 -
20 -:
24 -.
26 -.
29
32 4 Legend
34 Cotton with Bum Stizeting
o] Bmlm
40 4 ClosedTerry
jj y Open Disposable
46 Closed Disposable
48
-50 :
'52 [ | | | | | |
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature ('C) {Relative Humidity (%)
(by diaper type) M SD M sh M f)
Overall Mean 0493 0247 | 334196 | 0273 | 439936 | 1.6487
Coiton with bum sheeting 0533 0065 | 334200 | .0231 | 432200 | 0.5527
Open cotton 0433 0110 | 334360 | .0263 | 439040 | 0.0126
Closed terrycloth 0079 0071 | 333900 | 0287 | 465940 | 1.6894
Open superabsorbent disposable | 0732 0047 | 334240 | .0158 | 43.6020 | 0.2963
Closed sup-rabsorbent disposable| 0687 0087 | 334280 | 0193 | 42.645) | 1.0877




32 - Legend \,\ \\

234 Cotton with Bum Shecting \ »

.36 = AN

L Cotton *

-38 Falem - N,

_':: ; Open Disposable XY

46 - Closed Disposable

48

-50 ‘

-52 T T T T -

15 30 45 60 75 90
Time in Seconds
Environmen:al Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)
(vy diaper type) M SR M 3k M SD

Overall Mean _ 0981 0170 | 29.6936 | 1.0792 | 30.8644 | 2.6120
Cotton with burn sheeting 0871 0096 | 279620 | .0696 | 32.7920 | 0.8791
Open cotton . 0892 0140 | 295180 | 4295 | 332700 | 2.152)
Closed tesrycloth _ 0921 0138 | 295020 | .1805 | 31.1760 | 1.7693
Open superabsorbent disposable | 1046 | 0105 | 305460 | 2685 | 27.7240 | 1.8003
Closed superabsorbent disposablel 1173 0160 | 309400 | .3267 | 29.3600 | 1.1087
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U
—
o0

Ralald abal ol b o,

Legend
Cotton with Burn Sheeting

8

-32

75 90

Time in Minutes

Environmental Means
by diaper w)

Air Velocity (m/sec)
M SR

Air Temperature (°C)
M52

Relative Humidity (%)
M SR

' Overall Mean

Cotton with bumn sheeting

Open cotton

Closed terrycloth

Open superabsorbent disposable
Closed superabsorbent disposable

0643 0100
0704 0060
0666 0091
0519 0063
0697 0074
0628 0089

28.1716 | 4354
28.1700 | 2195
279500 | 0999
275660 | .1592
28.7280 | .2352
284440 | 0692

32.8632 | 14087
32.7560 | 14978
31.7060 | 0.6167
33.0020 | 1.7775
334500 | 1.1280
33.4020 | 1.2332




b TT

3203 Legend \‘\\
249  Incubaior @ 36.0°C with Humidity RN
B] baexesnsc
30 4  Radiant Warmer @ 75%
32 =
344 RadiamWamer@3s0% _ _ _
.36 -
-38 :
40 ™ ™ T T T ol
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)
(by diaper type) M SD M SR M SD
Incubator @ 36.0°C w/ Humidity| 0466 | 0111 | 359520 | 0413 | 87.1020 | 0.8306
Incubator @ 33.5°C 0600 | 0179 | 334160 | .0158 | 43.8420 | 0.1259
Radiant Warmer @ 75% J040 | 0103 | 30.1880 | 5734 | 33.5560 | 1.5717
Radiant Warmer @ 50% 0628 | 009 | 282820 | .1109 | 372640 | 1.2225




Appendix 5
OuenCotton  5ml0.45% NaCl Added
Percent 18

Changein 16
Weight 14
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obbdhbovsrao
alaflafalalablalalalabaltals

.
(Y98
b}
“a

20
22
244 Legend
263 ncubstor @ 36.0°C with Humidity
NI mubaor@ 35C
H]  RadaWama @75%
38  Radiant Warmer @ 50%
40 - e o
42 -
'44 | | ] i | ] | J 1
15 30 45 60 75 %
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)
(by diaper type) M SR M SR M 8D
Incubator @ 36.0°C w/ Humidity | 0386 0132 | 359360 | .0380 | 87.6840 | 22125
Incubator @ 33.5°C 0735 0049 | 334380 | .0382 | 434280 | 0.6394
Radiant Warmer @ 75% 0915 0106 | 30.0280 | 2044 | 327920 | 1.7814
Radiant Warmer @ 50% 0597 0078 | 282820 | .1109 | 37.2640 | 0.8657




S — e,

Legend

42 Incubator @ 36.0°C with Humidity

44

46 Incubator @ 33.5°C S~.

48 ~.

gg Radiant Warmer @ 75%

-S54 .

%6 4 Radiant Warmer @ 50% _ _ _ _ N

-0 \

-62 |} T 1 1 L L
15 3 4 60 7 %

Time jn Minutes

Environmental Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)

(by diaper type) M sD M sp M SD
Incubator @ 36.0°C w/ Humidity | 0163 0118 | 359920 | .0559 | 843460 | 1.0359
Incubator @ 33.5°C 0420 0087 | 334160 | 0184 | 469440 | 21006
Radiant Warmer @ 75% 1044 | 0086 | 312860 | 2824 | 29.8420 | 12586
Radiant Warmer @ 50% 0728 0081 | 282020 | .1800 | 360860 | 2.8119
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Petwpt 16
Change in S
Weight g i /_,_,_._—-— —
10 T
ce
8 . e
6= o
4 e
e
24 .-
0 d "'----....._...
2 7 e SN
44 TNO~aL T,
6 Teececanens.,
- 7
-10 ST
12 - TTseel
_14 .' v
-16
-18 4
20 - Legend
2 Incubator @ 36.0°C with Humidity
26 - Incubator @ 33.5°C
2] retmveme@ss
324  RediantWamer@S50% _ _
=34 . e TmlmemEm————
36 ]
'38 1] | | ) L | L]
15 30 45 60 75 20
Time in Minutes
Environmental Means Air Velocity (my/sez} | Air Temperature ('C) [Relative Humidity (%)
(by diaper type) M sSD M sD M SD
Incubator @ 36.0°C w/ Humidity | 0346 0073 | 359800 | .0267 | 86.6880 | 14993
Incubator @ 33.5°C 0730 0078 | 334500 ! 0141 | 435860 | 02235
Radiant Warmer @ 75% 1104 0119 | 30.8800 | .1320 | 349720 | 1.0255
Radiant Warmer @ 50% 0594 0104 | 286980 | 0769 | 33.8360 | 1.1127




Legend
cporeeat z ; Incubator @ 36.0°C with Humidity
weight 18 Incubator @ 33.5°C
16 Radiant Warmer @ 75%
- Radiant Vamer @ S0%
10 -
8 7
6 7
4 - ra
24 y —ee T
0 : _'n‘vge_ e e D T eesterencacae, g-u—'f------'hg -------
2 : —— S~
-4 " S
6 7
-8 -.
-10 -
-12 4
-14 <
-16 -
-18
20 -.
22 -.
24 1 T T T | |
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) {Relative Humidity (%)
(by diaper type) M sD M SD M SR
Incubator @ 36.0°C w/ Humidity| 0127 0043 | 360020 | .0426 | 85.9060 | 0.6187
lncu{bator@ 335°C 0821 0044 | 334200 | .0163 | 42.6940 | 1.0780
Radgthanner@ 75% 1154 0093 | 314600 | .1998 | 30.5060 | 1.0196
Radiant Warmer @ 50% 0637 0071 284340 | .1418 | 344200 | 2.0258




23 incubsior@360°C with Humidity
-28 Incubator @ 33.5°C -
<30 -
32 4 Radiant Warmer @ 75%
-34 7 Radiant Warmer @ 5%
369 2T -
-38 -
-40 -
42 1 T T T -
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperawre ('C) |Relative Humidity (%)
(by diaper type) M SD M S M sSD
Incubator @ 36.0°C w/ Humidity| o100 I 0099 | 359480 | 0424 | 789460 | 19735
Incubator @ 33.5°C 0533 0065 | 334200 | .0231 | 432200 | 0.5527
Radiant Warmer @ 75% 0871 0096 | 279620 | 0696 | 32.7920 | 08781
Radiant Warmer @ 50% " 0704 0060 | 28.1700 | 2195 | 327560 | 14978
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Percent
Change in
Weight
-10 -
12
-14 g
-16 “
-18
-20 -' mﬂ
22 Incubator @ 35.0°C with Humidity
21 moar@ s .
Radiant Warmer @ 75%
"% Radiant Warmer @ 50%
La - T e =
.34; X
<35 - - T T T 1 T -
15 30 45 60 75 9%
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Tempe+aiure (°C) [Relative Humidity (%)
(by diaper type) M SD M sD M sSD
Incubator @ 36.0°C w/ Humidity | 493 OI15 | 358520 | .0503 | 88.2280 | 12034
Incubator @ 33.5°C 0433 0110 | 334360 | .0263 | 43.9040 | 0.0126
Radiant Warmer @ 75% 0892 0140 | 295180 | .4295 | 332700 | 2.1529
Radiant Warmer @ 50% " 0666 0091 | 279500 | .0999 | 31.7060 | 06167
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Incubator @ 36.0°C with Humidisy

-32 Incubator @ 33.5°C

36 Radiant Warmer @ 75%

40 -' G GED GUP GER ST RS GNE GES GED WS S S
42 -
'44 | § |} | | L}
15 45 60 75 9%
Time in Minutes
Environmerital Means Ajr Velocity (m/sec) | Air Temperature (°C) (Relative Humidity (%)
(by diapex type) M SD M SD M SR
Incubator @ 36.0°C w/ Humidity [ 0402 0070 | 358780 | .0305 | 85.8800 | 1.7916
Incubator @ 33.5°C 0079 0071 | 333900 | .0287 | 46.5940 | 1.6894
Radiant Warmer @ 75% 0921 0138 | 295020 | .1805 | 31.1760 | 1.7693
Radiant Warmer @ 50% 0519 0065 | 275660 | .1592 | 33.0020 | 1.7775




-16 4
ag  Lesead
20 - Incubator @ 36.0°C with Humidity
'gi p Incubator @ 33.5°C
26 - Radiant Warmer @ 75%
-28 Radiant Warmer @ 50%
30 -' ------------
-32 y
'34 [ ] ] | | i | | |
15 30 45 60 75 90
Time in Minutes
Environmental Means Air Velocity (m/sec) | Air Temperature (°C) |Relative Humidity (%)
(by diaper type) M sSD M sSD M s
Incubator @ 36.0°C w/ Humidity | 0162 0080 | 359960 | .0350 | 83.9700 | 0.7474
Incubator @ 33.5°C 0732 0047 | 334240 | 0158 | 43.6020 | 02963
Radiant Warmer @ 75% 1046 0105 | 305460 | 2685 | 27.7240 | 1.8003
Radiant Warmer @ 50% 0697 0074 | 287280 | .2352 | 33.4020 | 12332
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Legend
Incubator @ 36.0°C with Humidity

Incubator @ 33.5°C
Radiant Warmer @ 75%
Radiant Warmer @ 50%

WD N CED GED GAT NS GED QL WS GEn SED G

15 30 45

75 9%

Time in Minutes

Environmenta! Means

(by diaper type) M sD

M

Air Velocity (m/sec) | Air Temperature (*C)

SR

Relative Humidity (%)
M SD

Incubator @ 33.5°C
Radiant Warmer @ 75%

Incubator @ 36.0°C w/ Humidity | 0228 0061 | 35.9360 |
0687 0087 | 334280
1173 | 0160 | 30.9400
Radiant Warmer @ 50% " 0628 0089 | 284440

0540
0193
3267
0692

84.8980 | 1.0389
42.6480 | 1.0877
29.3600 | 1.1087
334020 | 12332






















