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CHAPTER I 

INTRODUCTION AND STATEMENT OF THE 
PROBLEM 

Introduction 

The prevention of hypovolemia in pregnancy is crucial 

to maternal and fetal good health. The current trends of 

active exercise programs during pregnancy have led to diffi

culties with weight bearing exercises such as jogging and 

those of aerobic exercise classes. This investigation 

sought to provide additional rationale to encourage pregnant 

women to exercise in the water. If hypervolemia did occur, 

this would be an added physiological benefit of an in-water 

exercise program. The expansion of blood plasma volume (hy

pervolemia) is a major goal of good prenatal care. Hyper

volemia is necessary to prevent medical complications in 

pregnancy, such as preeclampsia. 

The use of water immersion as a therapeutic agent dates 

back to man's earliest days. The writings of all the an

cient civilizations : Egyptian, Hebrew, Greek, Persian, 

Hindu, and Chinese, refer to the healing properties of water 

immersion. During the subsequent 3000 years, "hydrotherapy" 

has passed through various phases of fashion and popularity. 

The past fifteen years have been popular for the 



reintroduction of water therapy, first for creating 

weightlessness and now to study plasma volume expansion. In 

males submerged to their necks in water, plasma volume ex

pansion occurs at a rate comparable to an intravenous infu

sion of a liter per hour of balanced salt solution. Cardiac 

reflexes then initiate a significant diuresis (Epstein, 

1978). 

The combined effects of exercise while in the water and 

the resultant diuresis have not been studied in pregnant wo

men although data is presently being collected. It was the 

purpose of this study to investigate the effects of an exer

cise program and head out water immersion in non-complicated 

pregnant women in comparison with the control of stationery 

head out immersion. 

The prevention of the development of preeclampsia is a 

most reasonable goal as R.C. Goodlin, M.D. summarizes, "Ac

cepting the concept that plasma volume expansion is a hall

mark of normal pregnancy and that maternal failure of expan

sion of plasma volume is associated with pregnancy 

complications, a major goal of antenatal care should be an 

expansion of plasma volume in pregnant women." The 

acceptable technique as mentioned above to expand plasma 

volume is with good prenatal diet, rest, and tranquility. 

Recently, Goodlin has tried head out immersion, apparently 
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the only practical method of achieving plasma volume 

expansion in primates (Epstein, 1978). It was suspected 

that these results will coincide with previous studies of 

decreased pulse rate of the stationary group, and increased 

urine output and increased urinary sodium of both groups. 

Changes were also suspected to be seen in decreased ankle 

edema and ring size following immersion with and without ex

ercise. It was hypothesized that physical activity would 

produce greater changes than stationary immersion. This 

would provide a rationale for encouraging prenatal activity 

classes to occur in water rather than the traditional out of 

water environment. 

Statement of the Problem 

The purpose of this investigation was to compare the 

physiological responses of plasma volume expansion known to 

occur in head out water immersion with those responses when 

an in-water exercise program is carried out. Statistically 

significant differences in volumes changes would provide a 

physiological basis to encourage pregnancy exercise classes 

to occur in the water. 



Delimitations 

This study was restricted to pregnant women in the last 

trimester of pregnancy. They were screened through the 

Texas Tech University Health Sciences Center, Department of 

Obstetrics and Gynecology and the County Health Center to 

rule out any symptoms of preeclampsia or other complications 

and then referred to this study. Women in the study could 

not be active in a regular exercise program and a fetal non-

stress test had to indicate good fetal health. 

Definition of Terms 

1. Head Out Immersion - The placing of a body in water 

to shoulder level. 

2. Preeclampsia - Disorder during pregnancy character

ized by the appearance of hypertension, edema, and 

proteinuria; it occurs after the twentieth week of 

gestation but may occur before this time. 

3. Hypertension - High blood pressure. 

4. Vasopressor - Producing vasoconstriction and a rise 

in blood pressure. 

5. Diuresis - Discharge of increased amounts of urine. 

6. Natriuresis - Increased sodium excretion in the 

urine. 



7. Prostaglandin E - An oxytoxic agent of the class of 

physiologically active substances present in many 

tissues; among effects are those of vasopressors, 

stimulation of intestinal smooth muscle, uterine 

stimulation, and antagonism to hormone influencing 

lipid metabolism. 

8. Lateral Recumbent Position - Lying down on one's 

side. 

9. Aldosterone - A potent electrolyte-regulating hormone 

secreted by the adrenal gland which causes retention 

of sodium in the body by enhancing sodium resorbtion 

by the cells of the distal tubule of the kidney, the 

cells of the gastrointestinal tract and the sweat 

glands. 

10. Hypovolemia - Markedly diminished blood volume. 

11. Hypervolemia - Abnormal increase in the volume of 

blood, as seen in pregnancy. 

12. Gravidity - The total number of pregnancies a woman 

has had, including a current pregnancy. 

13. Para - The total number of births (live or stillborn) 

of 20 weeks or greater, gestational age. 

14. Abortion - Termination of a pregnancy, either 

elective or spontaneous. 



Abbreviations 

1. HR - heart rate (beats per minute - bpm) 

2. BP - blood pressure (mmHg) 

3. Resp - respiration (rate per minute) 

4. R Ank - right ankle circumference (cm) 

5. L Ank - left ankle circumference (cm) 

6. Vol - volume of urine collected in 24 hours (cc) 

7. Prot 

- total protein in 24 hours (mEq/24 hr) 

8. Na 

- sodium output in 24 hours (mEq/24 hr) 

9. EGA - estimated gestational age (weeks) 

10. Sodium - dietary sodium intake (mEq/24 hr) 

11. Wt - weight (lb) 



CHAPTER II 

REVIEW OF RELATED RESEARCH 

Introduction 

This study compared plasma volume expansion in pregnant 

women during head out immersion while inactive verses active 

exercise participation. Water immersion has been a thera

peutic agent for the past 3000 years. Bazett and co-workers 

are generally held by renal physiologists to be first re

searchers to explain effects of immersion of renal function. 

Prior to Bazett's studies, Hartshorne, 1847, recognized the 

diuretic response to immersion and proposed a mechanism for 

the diuresis. He suggested that the heart possesses volume 

receptors capable of sensing the fullness of the bloodstream 

induced by water immersion. It took 100 years to accept the 

concept that water immersion constituted a means of acutely 

redistributing blood volume with a resultant increase in 

central blood volume. Gauer and Henry began to study the 

use of water immersion as a tool to study plasma volume ex

pansion. 

The increased distensibility of the intrathoracic 

compartment was postulated to serve as a volume sensitive 

region, monitoring moderate changes in blood volume (Gauer 
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and Henry, 1951). Other factors which are related to water 

immersion include: (1) the mechanisms responsible for an 

increase in central blood volume, (2) the diuretic effect of 

immersion as explained by Epstein et al., and (3) the ef

fects of immersion on sodium excretion. 

Mechanism(s) of Increase in Central 

Blood Volume 

Gauer has proposed that the redistribution of blood 

volume associated with immersion is mediated primarily by an 

immersion induced hydrostatic pressure gradient acting on 

the vascular columns of the body. Since the pressure exert

ed on body surfaces increases by 22.4 mmHg for each foot of 

water depth, the net effect of this gradient is to force 

blood from the vessels of the lower extremities with the re

sult that more blood returns to occupy the heart and intra

thoracic vasculature. Epstein provides support for Gauer's 

hypothesis when he attempted to alter the gradient by vary

ing the conditions of immersion. In one set of experiments, 

renal sodium handling was studied during immmersion in su

pine subjects. This condition minimizing the gradient. 

Subjects were studied during a control period and as 

immersion to the neck under identical conditions of diet and 

timing. Assumption of the recumbent position was associated 



with a gradual increase in sodium excretion. However, this 

increase did not differ from that following the recumbent 

position in the absence of immersion (control). Since im

mersion in the supine position tends to minimize this hyd

rostatic pressure gradient effect, these results are consis

tent with Gauer's postulate. 

Negative-pressure Breathing Effect 

During immersion, a mean hydrostatic pressure force of 

approximately 20 cm of water, in addition to atmospheric air 

pressure, is exerted on the thoracic wall and abdomen. In 

comparison, approximately 1 atmosphere of air pressure sur

rounds the unimmersed head and neck and this pressure level 

is transmitted throughout the airways into the alveolar 

spaces of the lung (Epstein, 1987). The resultant imbalance 

between the pressure of the air in the alveolar spaces and 

the greater pressure against the chest wall creates a situ

ation equivalent to negative-pressure breathing. Negative-

pressure breathing contributes to naturesis and diuresis by 

stimulation of the atrial natriuretic factor (ANF). 
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Redistribution of Body Fluid 
Compartments 

The central hypervolemia of immersion may be explained 

as a redistribution of body fluids among compartments rather 

than a redistribution within a compartment, in particular 

during immersion the shift of fluid is from the interstitial 

compartment to the plasma compartment of the extracellular 

fluid. In 1948 von Diringshofen provided a theoretical ba

sis for this concept. He suggested that the increased hyd

rostatic pressure imparted to the interstitial tissue by im

mersion in water upsets the balance of Starling forces 

controlling fluid filtration and the reabsorption between 

capillary and interstitium. Such an event would mimic the 

shift of interstitial fluid into the capillary as occurs 

with an intravenous autotransfusion of interstitial fluid. 

Figure 1 depicts the distribution of fluids throughout com

partments of the body. 
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Water makes up about 70% of the Adult Human Body, i.e., 46 
liters in a 70 kg man. 

Extracellular - 16 liters Intracellular - 30 liters 

Blood 
Plasma 

3.5 liters 

Interstitial 
Fluid 
including 
tissue 
fluid 

12 liters 

Figure 1: Distribution of Water in Body Fluids 

Head-Out Immersion and Diuresis 

Several possibilities have been proposed of the mecha-

nism(s) whereby immersion results in a diuresis. These in

clude: 1) suppresion of antidiuretic hormone (ADH), 2) an 

increase in the releases on endogenous renal prostaglandins, 

and 3) a decrease in sympathetic nervous system activity. 

Suppression of ADH 

The suppresion of ADH release has been suggested to 

participate in the diuresis of immersion (Eckert, 1965). 

Epstein and Ulano, 1976, studied the effects of vasopressin 

administration on renal water handling during immersion in 

hydrated subjects. The infusion of aqueous vasopressin 

(200mU/h) during the initial four hours of immersion 
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abolished the diuresis. Despite marked effects on renal 

water handling, the administration of vasopressin did not 

alter the natriuresis of immersion. These observations sug

gest that vasopressin suppression may be the predominant 

mechanism mediating the diuresis of immersion in hydrated 

normal subjects. 

Alterations in Renal Prostaglandins 

Studies of alterations in renal prostaglandins have in

dicated that immersion is associated with an increase in re

nal prostaglandin E (PGE) excretion (Epstein, Lifschitz, 

Hoffman, 1974). This may contribute to the diuresis of im

mersion by several mechanisms: 

1. Prostaglandins could interfere with water reabsorp

tion by increasing renal blood flow. This would de

crease the osmotic gradient for water movement with

out directly altering the cellular action of 

vasopressin. 

2. Renal prostaglandins may inhibit the action of vaso

pressin in stimulating cyclic AMP, thus altering the 

water permeability of the collecting duct, and 

3. PGE may enhance water excretion by increasing distal 

fluid delivery out of the proximal tubule. Such a 

mechanism may contribute to the diuresis of 

immersion. 
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Decrease in Sympathetic Nervous 
System Activity 

A decrease in sympathetic nervous system activity may 

possibly contribute to the diuresis of immersion by decreas

ing sympathetic tone. Evidence has suggested left atrial 

distention and stimulation of cardiopulmonary sympathetic 

afferent nerves may also participate in mediating the sup

pression of renal sympathetic nerve activity induced by in

travascular volume expansion. This decrease in sympathetic 

tone could contribute to the diuresis in one of several 

ways. An alteration could effect a redistribution of blood 

within the kidney resulting in decreased net absorption of 

filtrate. Studies by DiBona (1978) suggest there is a di

rect tubular effect of the renal sympathetic nerves on renal 

water handling in the absence of alterations in renal hemo

dynamics as absorbed when they performed maneuvers to de

crease renal sympathetic nerve tone and found urinary flow 

increased. It is thus possible there is a direct correla

tion between decreased sympathetic tone and increased diure

sis. 
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Head-Out Immersion and Sodium 
Excretion 

The mechanism(s) whereby an immersion-induced redistri

bution of blood volume alters renal sodium handling has not 

been completely elucidated. Several mechanisms have been 

implicated or suggested, including: a) aldosterone suppres

sion, b) alterations in intrarenal blood flow distribution, 

c) alterations in transcapillary Starling forces governing 

the rate of removal of reabsorbate from the peritubular 

spaces, d) the possible role of an atrial natriuretic factor 

(ANF), e) a decrease in sympathetic nervous activity, and f) 

alterations in the endogenous release of renal prostaglan

dins. 

Aldosterone Suppression 

The natriuresis observed during immersion is associated 

with a suppression of aldosterone. However, the rapidity of 

onset and the associated kaliuresis suggests that the en

hanced sodium excretion is not due solely to decreased al

dosterone. Further research is needed to determine the ef-

fect(s) of aldosterone suppression on natriuresis. 
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Alterations in Intrarenal Blood Flow 

Distribution 

The redistribution of blood flow within the kidneys may also 

contribute to the natriuresis of immersion. Various studies 

have determined that both animal and human kidneys demon

strate different regional rates of blood flow within the 

kidney. It has become apparent that changes in intrarenal 

hemodynamics may influence renal sodium handling through 

mechanisms other than a change in the overall rate of glom

erular filtration. One of these mechanisms may be a rela

tive enhanced perfusion to the outer regions of the kidney. 

Alterations in Transcapillary 
Starling Forces 

Several pieces of evidence have indicated that an in

crease in kidney volume occurs during a number of diuretic 

states. Such changes in kidney volume may be a direct re

flection of the differences in the intensity of various 

physical forces acting in the kidney. It may thus be hy

pothesized that immersion-induced alterations in physical 

factors may contribute to the encountered natriuresis of im

mersion. 
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Role of Humoral Inhibitor of Sodium 

Transport 

The presence of a circulating natriuretic factor that 

normally depresses renal tubular reabsorption in response to 

extracellular fluid volume expansion has been suggested by 

several studies. Studies during the recovery hour after im

mersion revealed a continuing natriuresis despite the pro

gressive volume expansion induced by the earlier period of 

immersion. This delay in the disappearance of the natriure

sis suggests that a humoral factor, rather than more rapidly 

acting hemodynamic or neural mechanisms, may contribute to 

the natriuresis. 

Decrease in Sympathetic Nervous 
System Activity 

It is possible that a decrease in sympathetic nervous 

system activity may be possible in part for the natriuresis 

of immersion. Left atrial distention results in a decrease 

in renal sympathetic nerve activity, and this could contrib

ute to the natriuresis in several ways. An alteration could 

effect a redistribution of blood flow within the kidney re

sulting in decreased net absorption of sodium and water. 

DiBona provided evidence for a direct effect of the renal 

sympathetic nerves on renal tubular sodium transport in the 

absence of alterations in renal hemodynamics. They 
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demonstrated that the antinatriuresis of low-level direct 

renal nerve stimulation is not mediated by either circulat

ing angiotensin II or prostaglandins. Tubular segmental lo

calization of the neurogenic effect to the proximal tubule 

has been accomplished by Bello-Reuss and associates. It is 

thus conceivable that a decrease in renal sympathetic activ

ity may contribute to the encountered natriuresis. 

Alterations in Renal Prostaglandins 

In an attempt to characterize the contribution of renal 

prostaglandins to the natriuresis of immersion, studies have 

been carried out before and after the administration of in-

domethacin, a prostaglandin synthetase inhibitor. It was 

observed that indomethacin pretreatment abolished the natr

iuresis of immersion in sodium-depleted normal subjects. 

This suggests that the natriuresis of immersion may be medi

ated in part by enhanced renal prostaglandin release during 

certain experimental conditions. 

The above data suggests that the natriuresis of immer

sion is due to an increased rejection of sodium in the prox

imal and distal segment of the nephron. Three major 

possibilities should be considered although the precise 

mecahanism of natriuresis is not evident. They are: 

1. aldosterone suppression; 
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2. increased release of endogenous renal prostaglandins; 

and 

3. an increase in release of a humoral natriuretic fac

tor. 

Further studies need to be performed to determine the 

effects of alterations in transcapillary Starling forces and 

intrarenal blood flow distribution as well as decreases in 

sympathetic nervous system activity. 

Preeclampsia 

Pregnancy induced hypertension (preeclampsia) is iden

tified by a diastolic pressure of at least 90 mmHg or a sys

tolic of at least 140 mmHg, or a rise in the former of 15 

mmHg or in the latter of 30 mmHG (Field, 1983). Increased 

responsiveness of the arterial system to pressor substances 

may cause the general vasoconstriction of preeclampsia with 

an associating decreased circulating blood volume and inap

propriate sodium excretion. In normal pregnancy, there is a 

characteristic decrease in blood pressure response to pres

sor substance, whereas in preeclampsia, a pronounced in

crease occurs in reponse to angiotensin II. 
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Plasma Volume Expansion in Pregnancy 

Plasma volume expansion is a hallmark of normal preg

nancy and should be a major goal of good antenatal care. 

Goodlin, et al., 1983, recognizes the difficulties of estab

lishing such normal values for pregnancy. He has sought to 

establish the relationship that exists between selected "in

dicator" and maternal hypervolemia. These indicators in

clude a decline in maternal hematocrit in the twenty-four to 

thirty-fourth week of pregnancy, a maternal weight gain, de

pendent ankle edema, uterine growth, a maternal cardiac sys

tolic flow murmur, and a higher pulse rate. 

The related research gives reason to believe that head-

out immersion may increase plasma volume expansion in preg

nant females. The use of exercise while in the water may 

further enhance these findings. 



CHAPTER III 

EXPERIMENTAL PROCEDURES 

Introduction 

This chapter will describe the procedures used in de

termining if significant differences exist in volume plasma 

expansion of pregnant women immersed in water and those im

mersed during an exercise program. Also included are dis

cussions of the subjects, experimental design, apparatus, 

testing procedures and data collection. 

Subjects 

Eleven females in their third trimester of pregnancy 

from the Texas Tech University Health Sciences Center De

partment of Obstetrics and Gynecology and the County Health 

Clinic participated in this study. Women in the study 

could not have symptoms of preeclampsia, could not be active 

in an antenatal exercise program and a fetal-nonstress test 

had to indicate good fetal health. Maternal age, fetal age 

and gravidity of each subject was recorded. Subjects served 

as their own controls by participating in the immersion to 

nipple line phase and immersion to nipple line while 

exercising phase. The outcomes of all pregnancies were 

recorded and are presented in Appendix A. 

20 
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Experimental Design 

Testing was conducted over a thirty day period with 

each phase separated by 5 to 10 days. The water was 30 de

grees to 32 degrees Celsius for both phases. Random sam

pling was used to determine which women participated in ex

ercise first and which participated in stationary immersion 

first. 

Prior to both studies, a twenty-four hour diet recall 

was taken and each participant was asked to adhere as close

ly as possible to their given diet. Sodium intake of each 

diet was calculated in conjunction with a registered dieti

cian. Subjects ate breakfast then participated in the study 

two to three hours thereafter. A twenty-four hour urine 

collection was saved by each woman before and after each of 

the two sessions of exercise and stationary. Laboratory 

analysis of urine volume, total protein and sodium content 

in twenty-four hours was performed on each collection. 

Heart rate, blood pressure, respiration, ankle circumference 

and ring size was recorded in the sitting position fifteen 

minutes prior to each immersion. The same measurements were 

repeated within five minutes following each immersion in the 

semi-reclined position. A non-stress test (NST) was 

performed prior to exercise to indicate good fetal health 

then following exercise to assure maintainance of the fetus' 

health. 
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Written consent was received by each participant and 

the study would have been stopped on any woman expressing 

discomfort. See Appendix B. 

The control group consisted of water immersion to the 

nipple line in the standing position for forty-five minutes 

during one session. Exercises for each experimental group 

were those exercises as performed in the Y.W.C.A.'s water 

pregnancy and fitness class (see Appendix C). Forty-five 

minutes of exercise included ten minutes of stretching, ten 

minutes each of arm and leg exercises and ten minutes of 

paddle-board kicking or free-style swimming. Five total 

minutes of rest was incorporated throughout the program. 

Maternal heart rate was monitored during exercise and was 

not allowed to exceed 130 beats per minute as recommended by 

the American College of Obstetrics and Gynecology. 

Apparatus 

Corometrics Fetal Monitor 112. Records beat to beat 

fetal heart tracing using Doppler techniques. For this 

study, tracings were monitored prior to each subject's par

ticipation in the exercise class. The test was conducted by 

a physician who supervised the entire experimental 

procedure. 
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Data Collection 

Information of the maternal ages and gravidity of each 

subject was recorded (see Appendix D). Pre and post meas

urements of blood pressure, heart rate, respiration rate, 

ankle circumference and ring size were recorded. All meas

urements were taken by the same researcher in order to de

crease discrepancies in technique. Each subject was as

signed a study number, to preserve confidentiality, which 

was used throughout the subject's entire participation. 

Each measurement and urine sample was labeled with subject 

number, pre or post and either exercise or stationary. 

Statistical Methodology 

A paired t-test was used to compare the means between 

pre and post immersion of the exercise group, pre and post 

immersion of the stationary group and the differences of pre 

and post immersion between the exercise and the immersion 

group. An analysis of covariance was used to controlthe ef

fects of sodium intake on urine volume. 

An alpha of .05 level was used to determine if any sig

nificant differences existed between the groups. 



CHAPTER IV 

ANALYSIS OF DATA AND DISCUSSION OF 
FINDINGS 

Introduction 

This chapter contains the procedures used for the anal

ysis of the data, the findings and a discussion of the find

ings. The purpose of this study was to determine if there 

were diuretic changes, i.e., increased urine volume and in

creased urine sodium, and/or shifts of fluids between body 

compartments, women when immersed to the nipple line in wa

ter of 30 to 32 degrees Celsius. If there were changes, 

were these differences magnified with exercise while in the 

water. These measures were analyzed using a paired t-test 

to determine if significant changes occurred. An analysis 

of covariance was used to control any effects that dietary 

sodium had on the total urine output. 

Organization of the Data 

The data was collected on two separate occasions of ex

ercise and stationary immersion and as pre or post immersion 

on eleven women. Data included heart rate, blood pressure, 

respiration rate, ankle circumference measured five 

centimeters proximal to the malleoli, ring size, urine 

24 
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volume, urine sodium and total protein in twenty-four hours. 

Estimated gestational age was recorded and a mean derived as 

35.00 weeks. The raw data of the exercise and the station

ary groups are summarized in Appendix E. 

Maternal age ranged from 25 years to 39 years of age. 

Of the subjects analyzed, some lab values were not returned 

on one subject, one subject was excused for participation in 

other exercise programs, and a third subject did not adhere 

to the diet recall regima. The data (measurements and urine 

collections) taken on these women were not entered into the 

statistical analysis of the study. 

Method of Analysis 

The data was analyzed by a paired t-test. The following 

analyses were made: 

1. A comparison of the means of the exercise group be

fore immersion and after immersion of (a) heart rate 

(b) systolic blood pressure (c) diastolic blood pres

sure (d) respiration rate (e) weight (f) right ankle 

(g) left ankle (h) ring size (i) urine volume (j) 

urine sodium (k) total protein and (1) estimated 

gestational age (EGA). 

2. A comparison of the means of the stationary group 

before immersion and after immersion of the data 

above (a) through (1). 
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3. A comparison of the differences between exercise and 

stationary of the means for each of the above data 

(a) through (1). 

Findings 

Comparison of Pre and Post Data for 
Exercise and Stationary 

The mean values, standard deviations, t values and 

probabilities for pre and post data of exercise and station

ary are as in Table 1 and Table 2, respectively. 

The increase in exercise heart rate from pre to post 

was statistically significant (p< 0.004). Other statisti

cally significant differences were found in decreased ankle 

edema (p< 0.002) and decreased ring size (p< 0.001), follow

ing immersion with exercise. The remaining findings were 

not statistically significant. Table 1 presents the data of 

the exercise phase. 

Statistically significant differences between pre and 

post stationary immersion were seen in decreased ankle edema 

(p< 0.006 for the right ankle and p< 0.001 for the left an

kle), and ring size (p< 0.024). No other statistically sig

nificant differences were found. Table 2 presents the data 

of the stationary phase. 
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An Analysis of the Exercise Group 
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j Variable Pre 
1 Mean 

1 HR 82.54 
1 BP 90.37 
I (Mean) 
I Resp 18.36 
1 Wt 167.90 
1 R Ankle 23.18 
1 L Ankle 22.97 
I Ring 7.32 
1 Vol 1133.670 
1 (cc/24 hr) 
1 Protein 20.33 
1 (in 24/hr) 
1 Na 140.89 
1 Output 
1 (cc/24 hr) 
1 EGA 34.95 
1 Sodium3192.80 
1 Intake 
1 (mg/24 hr) 

Test 
Standard 

Post Test 
Mean 

Deviation 

13.05 
9.64 

2.65 
25.50 
2.38 
2.07 
1.50 

363.26 

14.05 

47.52 

1.74 
1385.37 

104.09 
89.76 

19.63 
167.45 
21.86 
21.90 
6.68 

1285.00 

24.78 

134.11 

34.95 
3192.80 

t 
Standard val 
Deviation 

16.37 
11.09 

3.32 
24.91 
2.04 
1.55 
1.31 

475.02 

23.44 

68.06 

1.74 
1385.37 

-3.41 
0.24 

-0.86 
1.24 
4.29 
4.02 
5.37 

-0.75 

-0.88 

0.38 

0.00 
0.00 

Probj 
ue 1 

1 

0.0041 
NS 1 

NS 1 
NS 1 
0.0021 
0.0021 
O.OOll 
NS 1 

NS 1 

NS 1 

NS 1 
NS 1 

NS - insignificant at the 0.05 level of significance. 
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TABLE 2 

An Analysis of the Stationary Group 

i Variable Pre 
1 Mean 

1 

t 
1 HR 80.37 1 BP 90.64 
I (Mean) 
1 Resp 16.91 
1 Wt 171.55 
j R Ankle 23.09 
1 L Ankle 23.37 
1 Ring 7.32 
1 Volumel552.78 
1 (cc/24 hr) 
1 Protein 14.11 
1 (in 24/hr) 
1 Na 177.88 
1 Output 
1 (cc/24 hr) 
1 EGA 35.35 
1 Sodium3192.80 
1 Intake 
1 (mg/24 hr) 

Test Post Test 
Standard Mean 
Deviation 

11.93 
10.03 

2.26 
22.61 
1.94 
1.90 
1.525 

619.03 

16.21 

65.18 

2.12 
1385.37 

76.37 
91.49 

19.45 
171.18 
22.36 
22.66 
6.86 

1689.38 

20.62 

188.75 

35.35 
3192.80 

Standard va 
Deviation 

11.62 
11.62 

4.11 
22.87 
1.48 
1.66 
1.38 

853.16 

19.63 

65.41 

2.12 
1385.37 

1.30 
-0.47 

-1.78 
1.49 
3.48 
5.25 
2.65 
0.19 

-0.83 

0.47 

0.00 
0.00 

t Prob 
ilue 

NS 
NS 

NS 
NS 
0.006 
0.001 
0.024 
NS 

NS 

NS 

NS 
NS 

+ 

NS - insignificant at the 0.05 level of significance. 

Differences Between Exercise and 
Stationary Immersion 

The mean values, standard deviations and levels of sig

nificance of the differences between exercise and stationary 

immersion are as listed in Table 3. The difference in mean 

heart rate was significant (p< 0.006). From this analysis 

no other statistically significant differences were found. 
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TABLE 3 

An Analysis of Exercise: Stationary Group 

1 Variable Pre 
1 Mean 

1 DHR 21.55 
1 DBP -0.60 
1 (Mean) 
1 DResp 11.28 
1 DWt -0.45 
1 D R Ankle-1.32 
1 D L Ankle-1.07 
1 DRing -0.64 
1 DVolume 123.820 
1 (cc/24 hr) 
1 DProtein 3.64 
1 (in 24/hr) 
1 DNa -0.64 
1 Output 
1 (cc/24 hr) 
1 DEGA 00.00 
1 DSodium 0.00 
1 Intake 
1 (mg/24 hr) 

Test 
Standard 
Deviation 

19.03 
8.23 

4.92 
21.21 
1.02 
0.89 
0.40 

546.77 

13.72 

4.93 

0.00 
0.00 

Post 
Mean 

-4.00 
0.85 

12.55 
-0.37 
-0.73 
-0.70 
-0.45 
-41.82 

3.45 

-0.82 

0.00 
0.00 

Test t Prob 
Standard value I 
Deviat 

10.24 
5.98 

4.74 
20.81 
0.70 
0.45 
0.57 

707.25 

13.82 

5.91 

0.00 
0.00 

ion 

-3.47 
-0.59 

0.65 
0.21 
1.72 
1.21 
1.08 
-0.59 

-0.03 

-0.11 

0.00 
0.00 

0.0061 
NS 1 

NS 1 
NS 1 
NS 1 
NS 1 
NS 1 
NS 1 

NS 1 

NS 1 

NS 1 
NS 1 

NS - insignificant at 0.05 level of significance. 

Dietary Sodium Intake and Twenty-
four Hour Urine Volume 

An analysis of covariance was utilized to control the 

effect of dietary sodium intake and the difference of total 

urine volume before and after exercise in the water and as 

stationary immersion. The F was calculated and found to be 
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0.547, thus was not significant. Table 4 presents this 

data. 

TABLE 4 

An Analysis of Dietary Salt to Urine Volume 

SUM OF MEAN 
SOURCE OF VARIATION SQUARES DF SQUARE F P 
COVARIATES 518401.125 1 518401.125 1.182 0.292 

SALT 518401.125 1 518401.125 1.182 0.292 
MAIN EFFECTS 165984.188 1 165984.188 0.379 0.547 

MODE 165984.188 1 165984.188 0.379 0.547 
EXPLAINED 684386.000 2 342193.000 0.780 0.474 
RESIDUAL 7454342.000 17 438490.688 
TOTAL 8138728.000 19 428354.063 

Summary of Findings 

As a result of the paired t-test and the analysis of 

covariance of the data collected in this study, the follow

ing findings were found. 

Regarding exercise and immersion to the nipple line: 

1. Maternal heartrate following exercise increased sta

tistically significantly (p< 0.004). 

2. Right and left ankle edema decreased statistically 

significantly (p< 0.002). 
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3. Ring size decreased statistically significantly (p< 

0.001). 

4. The increases in urinary sodium and twenty-four hour 

urine volume following exercise in the water was not 

of a significant difference, statistically. 

5. Mean blood pressure changes and respiration increases 

were not of sufficient magnitude to be statistically 

significant. 

6. Increases in protein excreted following the mode was 

not significant, statistically. 

7. Weight loss was statistically insignificant. 

Regarding stationary immersion to the nipple line: 

1. Right and left ankle circumference decreased statis

tically significantly (p< 0.006 and p< 0.001, respec

tively) . 

2. The mean ring size decreased statistically signifi

cantly (p< 0.024) . 

3. The increase in urinary sodium and twenty-four hour 

urine volume following immersion in the water was not 

of a significant difference according to statistical 

analysis. 

4. Mean blood pressure changes and respiration increases 

were not of a statistical significant difference. 
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5. Increases in protein excreted following stationary 

immersion were not of a statistical significant lev

el. 

6. Weight loss was not significant, statistically. 

7. Maternal heart rate decreased with immersion but not 

at a statistical level of significance. 

When comparing exercise to stationary immersion, the 

difference between exercise and stationary maternal hear

trate was statistically significant (p< 0.006). Other 

changes between the two phases were not statistically sig

nificant. 

Discussion of Finding 

The prevention of the development of preeclampsia is a 

most reasonable goal of good antenatal care as R.C. Goodlin, 

M.D. summarizes. The expansion of plasma volume is crucial 

to a normal pregnancy and this is customarily achieved with 

good prenatal diet, rest and tranquility. "Head-out" immer

sion has been trialed to expand plasma volume on the basis 

of research done by Epstein, Bazett, Hartshorne, Henry, 

Gauer and most recently, Goodlin. It can be assumed that if 

plasma volume can be expanded in the pregnant female with 

the use of water immersion, then the woman would have 

increased protection from the development of preeclampsia 

and/or pregnancy-induced hypertension. 
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The underlying etiology of preeclampsia is unknown 

although a favorite hypothesis is that increased responsi-

venesss of the arterial system to pressor substances, i.e., 

vasopressors and prostaglandin E (PGE), may cause the gener

al vasoconstriction of preeclampsia. This general vasocon-

stricton may then give rise to hypertension, decreased glom

erular filtration rate and decreased renal plasma volume. 

As plasma volume expands there is an increase in dilute 

urine or a diuresis. The amount of sodium excreted will 

also increase but not linearly with the volume of urine. 

Past research also indicates a decreased heart rate and a 

decreased mean blood pressure (diastolic * 2 + systolic / 3) 

with increased plasma volume. 

How is "Head-out" immersion related to diuresis? Harts

horne, 1847, recognized the diuretic response to immersion 

and proposed a mechanism for the diuresis. He suggested 

that the heart possesses volume receptors capable of sensing 

the fullness of the bloodstream induced by water immersion. 

One hundred years later, the concept was accepted that water 

immersion constituted a means of acutely redistributing 

blood volume with an increase of central blood volume. 

This research supported the concept of the 

redistribution of fluid to increase central blood volume. 

It can be assumed that plasma volume expansion occurred as 
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fluid moved out of the interstitium. This was seen 

consistently and with a statistically significant level of 

change as decreased ankle edema and decreased ring size fol

lowing both phases of immersion. There was not found to be 

a statistically significant difference between ankle edema 

and ring size when comparing the modes to each other. Of 

additional significance were the increases in heartrate 

with exercise and the significant difference between hear-

rates of the exercise phase verses the stationary phase. It 

can be concluded that cardiovascular training effects can be 

achieved in the pregnant woman by exercising in the water. 

Care must be taken to monitor the maternal heartrate and to 

avoid increases in this rate for durations longer than twen

ty minutes. 

Trends were consistent with increases in urine volume 

and urinary sodium following immersion and immersion with 

exercise, however, not of a statistically significant level. 

Subjects reported a definite decrease of ankle swell

ing, had "loose rings" and expressed urgencies to void fol

lowing immersion. Participants expressed that the exercise 

classes in the water were enjoyable. Feelings of 

weightlessness and boyouncy made movement effortless and 

decreased stresses to lordotic lowbacks and joints. 
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Fluid shifts occurred from the interstitium to the 

plasma. This shift is commonly associated with a diuresis. 

There are several possible reasons to explain why the diure

sis that occurred was not of a statistically significant 

value: 

1. Small sample size. Recruitment of interested preg

nant females that were not already active in an exer

cise class was difficult. Once the population of 

eleven females was obtained, three of the partici

pants' data could not be used in its entirety. 

2. Dietary Intake. Participants gave a twenty-four hour 

diet recall and were asked to maintain the given diet 

as closely as possible for the two weeks. Partici

pant compliance was a problem here. 

3. Dietary Sodium. The mean dietary salt intake of this 

study was approximately 3200 mg/day. With a small 

sample size, the influences of a high salt diet are 

more pronounced in diminishing urine output. A "low 

salt" diet ranges between 1,000 mg/day and 2,000 mg/ 

day. When excessive salt intake occurs, the renin-

aldosterone system withdraws aldosterone resulting in 

a concentrated urine of decreased volume. See Figure 

2. With a small sample size, the influences of 

dietary sodium are more pronounced in diminishing 

urine output. 
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Excessive Blood Renin Decreased 
Salt ^ Gut-^ Sodium—^ Decreases_^Angioten-
Intake Increases sinogen 

Decreased 
Angiotensin 

i 
Aldosterone Decreased Tubular Diminished 
Withdrawn ^ Reabsorbtion ^ output of 

of salt Concentrated 
Urine 

Figure 2: Regulation of Water Balance 

4. Twenty-four hour urine collection. The importance of 

collecting all excreted urine was emphasized although 

all participants were not completely consistent with 

the catches. It is also hypothesized that the mecha

nisms of diuresis are acute in nature, thus the in

creases in urine output do not last the entire twen

ty-four hour period. Kozlowski, et al., and L.G. 

Leksell, et al., both support that the diuresis of 

immersion manifests by hour one or two while 

natriuresis is usually manifested by hour four or 

five. 
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5. Water Temperature. Water temperature at the Y.W.C.A. 

is reported to be between 30 and 32 degrees Celsius. 

However, the temperature was not checked at the time 

of immersions as it would not have been possible to 

alter any discrepancies found. Epstein reports that 

the use of an appropriate and consistent temperature 

throughout the immersion is crucial since minimal in

crements in water temperature may induce profound 

circulatory alterations. This may mask the resultant 

renal and hormonal effects of immersion. 

6. Exercise Protocol. Due to an inadequate number of 

researchers for the magnitude of this study, it was 

not possible to keep all subjects immersed to nipple 

line throughout the entire exercise protocol. Activ

ities such as paddle-board kicking placed the majori

ty of the body (total surface area) above the water 

level. The body thus could not take advantage of in

trathoracic compression. Epstein supported this hy

pothesis of Gauer's that immersion in the supine pos

ture tends to minimize the hydrostatic pressure 

gradient effect. The assumption of the upright 

posture maximizes the hydrostatic pressure gradient 

of immersion and consequently the renal and hormonal 

effects. 
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Other factors mentioned above (subject compliance, diet 

regimen with high salt intake, small sample size, erratic 

exercise protocal, and water temperature) prevented a sig

nificant diuresis even in the properly immersed stationary 

group. 



CHAPTER V 

SUMMARY 

Purpose 

The purpose of this study was to compare plasma volume 

expansion as indicated by fluid shifts from extremities and 

by diuresis when immersion to nipple line and immersion with 

exercise occurred in third trimester women. A total of 

eleven women served as subjects and as their own controls. 

Findings 

An paired t-test was used to compare the mean values of 

pre and post exercise and stationary immersion. The t-test 

was also utilized to compare mean values between modes of 

exercise and stationary immersion. Significant differences 

included decreased ankle edema and ring size following both 

immersion and immersion with exercise. Maternal heartrate 

increased significantly in the exercise group. When compar

ing the exercise phase to the stationary phase, the differ

ences in heartrate was the only statistically significant 

finding. Small sample size, high dietary sodium, possible 

discrepancies in water temperature, erratic exercise 

protocol and participant compliance, may have altered 

39 
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expected diuretic changes and magnification of the 

hypervolemic changes when comparing exercise in the water to 

stationary immersion. 

Conclusions 

The results of this study indicated that immersion in 

water of 30 to 32 degrees Celsius and immersion with exer

cise did cause a significant hypervolemia to occur in third 

trimester pregnant women. The hypothesis that there was a 

significant increase of plasma volume from intrathoracic and 

total body surface compression for these women can be ac

cepted. Maternal heartrate was significantly increased fol

lowing exercise and was statistically significantly differ

ent between exercise and stationary immersion. This 

research cannot support that exercise with its known in

crease in blood flow from dependent extremities was signifi

cant in redistributing volumes proximally, as there was not 

a significant difference between ankle edema and ring size 

of the two phases of immersion to the nipple line and immer

sion with exercise. Due to small sample size, high dietary 

sodium, erratic exercise protocol, water temperature and 

participant compliance, it cannot be conclusively stated 

that immersion in water to nipple line does not result in a 

diuresis. 
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It can be concluded that there is a physiological 

advantage to having pregnant women exercise in the water. 

Ankle edema and ring size decreased following water immer

sion to the nipple line and immersion with exercise; this 

being indicative of a fluid shift from the interstitium to 

the plasma. This hypervolemia was not associated with a 

significant diuresis as seen by twenty-four hour urine col

lections. 

Preeclampsia is primarily a "disease of the third tri

mester." Women should be encouraged to submerge themselves 

in pool water of atleast 30 to 32 degrees Celsius to mini

mize their risks of developing preeclampsia. Water creates 

a sense of weightlessness, decreases total body weight by 

ten percent (10%), and decreases stresses to joints and li

gaments; thus being an ideal environment for exercise. From 

this research, it was inconclusive if exercise actually en

hanced plasma volume expansion. Exercise does increase 

heartrate and this is important to improve cardiovascular 

endurance as is seen with a decreased resting heart rate. 

Pregnant women should be encouraged to exercise in the wa

ter, this being a safe and effective mechanism to encourage 

hypervolemia while maintaining cardiovascular training and 

improving general muscular tone. 
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Recommendations for Subsequent 
Studies 

Other researchers interested in looking at the effects 

of immersion and immersion with exercise should consider the 

following recommendations: 

1. Sample size should be significant to offset differ

ences in diet and subject compliance. 

2. Subjects should be placed on a low sodium, well hyd

rated diet to facilitate the renin-aldosterone system 

which allows a diuresis to occur. 

3. Urine collections should be done in the immediate 

time span before and after immersion to witness the 

full benefit of acute diuresis. Subjects should void 

the bladder completely prior to the "before" collec

tion and then again immediately prior to immersion. 

4. Exercise for pregnant women in the pool should pro

vide for coverage of large surface areas of the body. 

Thus, exercise in deep water and encourage treading 

of water to increase heart rate verses use of paddle-

board and free-style swimming. 

5. Water temperature should be maintained at 30 to 32 

degrees Celsius or warmer to encourage diuresis. 
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APPENDIX A 

DELIVERY DATA 

i ID 
1 

t 1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
110 
111 

Delivery Date 

5/25/86 
5/31/86 
6/20/86 
7/20/86 
7/09/86 
5/26/86 
7/19/86 
6/14 86 
7/18/86 
6/23/86 
7/04/86 

Mode* 

C/S 
V/D 
V/D 
V/D 
V/D 
C/S 
V/D 
V/D 
V/D 
V/D 
V/D 

Apgar Scores 

8/9 
8/9 
8/9 
8/9 
8/9 
9/9 
8/9 
8/9 
8/9 
9/9 
8/9 

Birthweight 

81b/9oz 
71b/8oz 
61b/8oz 
81b/3oz 
71b/7oz 
81b/8oz 
71b/5oz 
51b/9oz 
71b/0oz 
61b/8oz 
61b/12oz 

1 
Sex 1 

1 T 
M 1 
M 1 
M 1 
F 1 
F 1 
M 1 
F 1 
F 1 
M 1 
M 1 
F 1 

1 

* C/S Cesarean Section 
V/D Vaginal Delivery 
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APPENDIX B 

CONSENT FORM 

CONSENT FORM FOR PARTICIPATIOW IN RESEARCH STUDY 

(Copi/ to bt f>\o\jid^d to fKUon iiqiuMq) 

RESEARCH Tiitg! The DluretJc Effect of Head Out Immersion and Exercise 
During Pregnancy. 

PRINCIPAL IWVESTICATOR rtspons lb le for t h i s research project Is C o l l e e n G r a f a . P . T . , B . S . . 
P h o n « 7 d l - 2 n 4 n • TTimSC medical doctor (M.D.) who w i l l a l so cake re spons ib i l i t y If the 
pr inc ipa l Inveatlgator la not an M.D. Is A n n W o r d , M . D . , Phone 7 4 3 - 2 3 5 6 . 

PURPOSES OF THE RESEARCH ARg (In si.pie cer.») ̂ o determine Is blood pressure, swelling 
and other symptoms associated with pregnancy will decrease when a pregnant 
woman stands in water and/or exercises in the water. 

PROCEDURES which involve ma in exact order are: (In slaple terms) Routine normal obstetrlc 

visit at which time your physician may give approval for your voluntary 
participation. An analysis of your normal diet which we will ask you to 
adhere to as close as possible for two weeks. A test on your baby as you lie 
down to make sure your baby is not having any problems (oon stress test). 
Once accepted, you will be asked to collect your urine for 24 hours before 
and after each of two immersions in the swimming pool at the Y.W.C.A. Before 
and after you go into the pool, your blood pressure, heart rate and respiration 
rate will be taken. Your calves will also be measured for swelling. After 
exercising in the pool, your baby will again be tested to make sure it Is 
not having any problems. You will be Involved In getting into the pool two * 

RESEARCH OR EXPERIMENTAL PART(s) of thî  research are: Immersion of pregnant women in 
water and immersion with exercise to determine the effects on blood pressure, 
the amount of urine output and the amounts of salt and proteins in that 
urine. Swelling of the calves will be measured before Immersion and then 
compared after immersion. 

RISKS AND DISCOMFORTS! 
Minimal. Only those risks that are associated with the normal pool setting. 
A physician, physical therapist, certified CPR personnel and an Advanced 
Lifesaver guard will be in attendance at all times. 
No discomforts are anticipated. 

BENEFITS; ( i f any) which I oiay reasonably expect from th i s research are: 

It is expected that your blood pressure will decrease when in the water 
as will the swelling you may be experiencing in your hands and legs. 

OPTIONAL PROCEDURES or couraes of treatment (If any) which might be more advantageous to me are: 

None 

MY MEDICAL Rf̂ ORDS for purposes of t h i s research w i l l be made ava i lab le to : 
(when app l i cab le . Infirmatlon nay be furnished to FDA) 

Principle researchers: Colleen Grafa, P.T., Ann Word, M.D., Charles 

Shields, M.D., Ed Burkhardt, Ph.D. 
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CONFIDENT!ALITIf of records Ident i fy ing me w i l l be maintained in the following manner: 

You will be assigned a number and that number will Identify you 
throughout the study. Your records will be available to the Investigators 

BrABDtTIONAL COST due to par t i c ipa t ing In t h i s study (over and above normal treatment c o s t ) 
will be: 

-0-

DURATION - the Ciaa which It will take for ay participation In this study should be: 

Two weeks 

VOLUNTARY PARTICIPATION: I do not have to be Involved In this study. If I sign this form, it 
means I do wish to volunteer. If I change my mind later, I can discontinue my partlctration 
in this study at any time I choose and my withdrawal will not affecc my future treatment at 
this Institution. The investlgator(s) nay also terminate my participation In this study at 
any tloe. 

NONCOMPENSATION CLAUSE: I understand that In the event of physical Inji-ry res'iltlng fz7'^ '̂-» 
research procedures described to D^, that Texas Tech University Health Sciences Center, 
Lubbock General Hoapltal. I . W . L . A . j^j their affiliates are not able to offer 
financial compensation nor to absorb the cost of medical treatment. However, necessary 
facilities, emergency treatment, and professional services will be available to research 
aubjecta, just as they are to the community generally. Further information about any of the 
above natters may be obtained from Che Director, Clinic Administration (806) 7&3-2S88, Texas 
Tech University Health Sclencea Center, Lubbock, Texas 79430. 

(Signature of Subject) (dace) 

(Signature of Parent/Cuardtan or Authorlxed 
Representative, If necessary) 

(Additional signature of Parent/Cuardlan, 
if nt:cessary) 

(Signature of Project Director or 
Authorized Representative) 

(Signature of Witness to Oral Presentation 
and Signature) 
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APPENDIX C 

EXERCISE PROTOCOL 

Y.W.C.A. - Pregnancy and Fitness Water Exercise 

Sample Lesson Plan 

I. Stretches 

thigh stretch 

shoulder stretch 

sidewinder 

leg stretch 

ballet stretch 

II. Shallow Water 

leg circles 

mule kick at 45 degrees 

jumping jacks using jugs 

up, out, in, down, using jugs 

push down, pull up using kickboard - both hands 

III. Deep Water 

side to side pendulum swing (tuck knees) 

front to back pendulum (tuck knees) 

jumping jacks in vertical position 

bicycle 

leg presses 

leg circles 

body twist 
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single leg lifts 

III. Swimming 

freestyle 

kickboard 



APPENDIX D 

MATERNAL DATA 

ID Maternal Birthdate Gravididty 

1 3/09/56 Gl/PO/AbO 

2 4/20/58 Gl/PO/AbO 

3 11/10/57 Gl/PO/AbO 

4 7/02/53 Gl/PO/AbO 

5 5/04/63 G3/Pl/Abl 

6 2/05/47 Gl/PO/AbO 

7 11/05/86 Gl/PO/AbO 

8 11/13/53 G2/Pl/Ab0 

9 1/17/63 Gl/PO/AbO 

10 9/26/61 G3/P0/Ab2 

11 4/28/59 Gl/PO/AbO 
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APPENDIX E 

RAW DATA 

ID MODE PP HR SYS DIAS RESP WT 

1 1 1 80 118 80 16 155 

1 1 2 76 112 92 24 155 

1 2 1 68 118 82 20 157 

1 2 2 76 118 90 16 157 

2 1 1 84 94 64 20 136 

2 1 2 104 88 58 16 135 

2 2 1 80 98 79 18 166 

2 2 2 68 98 70 18 164 

3 1 1 60 108 82 16 158 

3 1 2 98 102 78 24 158 

3 2 1 88 131 86 16 156 

3 2 2 100 198 74 28 156 

4 1 1 64 114 76 16 149 

4 1 2 130 112 72 20 149 

4 2 1 80 104 72 18 150 

4 2 2 64 108 70 16 150 2150 2150 

5 1 1 100 114 72 24 190 2300 2300 

5 1 2 104 124 88 20 190 2300 2300 

5 2 1 96 114 68 16 188 2450 2550 

5 2 2 86 118 74 16 188 2250 2450 

6 1 1 80 98 70 20 161 2825 2700 
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Raw Data - Continued 

ID Mode PP Ring Vol Prot Na 

1 1 1 60 1080 22 140 

1 1 2 60 1090 30 140 

1 2 1 60 1810 18 192 

1 2 2 60 1535 18 178 

2 1 1 60 1035 8 111 

2 1 2 55 1720 8 117 

2 2 1 60 2285 8 203 

2 2 2 55 3050 8 146 

3 1 1 90 1158 36 158 

3 1 2 75 800 79 88 

3 2 1 90 650 26 87 3600 2458 

3 2 2 85 1260 42 129 3600 2458 

4 1 1 50 

4 1 2 45 

4 2 1 50 

4 2 2 50 

5 1 1 80 770 8 99 3450 5413 

5 1 2 70 800 8 112 3450 5413 

5 2 1 90 1050 8 182 3300 5413 

5 2 2 70 770 8 151 3300 5413 

6 1 1 75 970 16 142 3800 2204 

6 1 2 70 925 20 172 3800 2204 
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