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ABSTRACT 

Several studies have suggested that success in resuscitating 

subjects from cardiopulmonary arrest depends on producing an adequate 

diastolic pressure during cardiopulmonary resuscitation (CPR). This 

study evaluated the effect of chest compression rate, abdominal compres

sion, and alpha adrenergic stimulation on aortic diastolic pressure, and 

aortic-right atrial diastolic gradient. 

No significant differences in aortic or right atrial pressures 

were noted when 50 and 100 compressions per minute were compared. How

ever, when this procedure was repeated, 100 compressions per minute 

significantly elevated aortic diastolic and systolic pressures. 

Adding an abdominal binder, inflated to 100 mm Hg of pressure, 

produced a significant increase in aortic and right atrial systolic 

pressures and aortic diastolic pressure without abdominal damage. 

Methoxamine significantly increased aortic diastolic and sys

tolic pressures as well as diastolic perfusion pressure. 

vi 



CHAPTER 1 

INTRODUCTION 

The American Heart Association adopted the closed chest massage 

.originally proposed by Kouwenhoven, Jude, and Knickerbocker (1960). 

This standard cardiopulmonary resuscitation (CPR) technique was thought 

to cause blood flow as a result of direct compression of the heart 

between the sternum and the vertebral column. In recent years, ex

periments have been done which have raised questions about this physio

logical mechanism (Niemann, Garner, and Rosborough 1979, Rudikoff et al. 

1980, Luce et al. 1980, Niemann et al. 1981). These recent studies have 

proposed that, during CPR, blood flow is stimulated by increased intra

thoracic pressure and not by direct cardiac compression (Weisfeldt 

1980, Rudikoff et al. 1980). 

Simultaneous chest compression and ventilation (new CPR) studies 

which have shown this procedure to cause increased systolic pressure and 

carotid blood flow support the theory that blood flow is due to a rise 

in intrathoracic pressure (Chandra et al. 1979, Chandra, Rudikoff, and 

Weisfeldt 1980, Chandra, Tsitlik, and Weisfeldt 1981b, Criley et al. 

1981). The abdominal binder during CPR also augments intrathoracic 

pressure and increases carotid blood flow (Weisfeldt 1980, Chandra, L. 

et al. 1981, Ducas et al. 1981) and intracranial pressure (Kosher et al. 

1981, Chandra, L. et al. 1981). Niemann et al. (1980) provided evidence 

that "cough CPR" also increased intrathoracic pressure and delayed 

1 
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unconsciousness during circulatory arrest. In contrast, some research

ers have found no increase in cardiac output (Babbs et al. 1980, Babbs 

et al. 1981) or carotid blood flow (Redding, Haynes and Thomas 1981, 

Bircher and Safar 1981) when comparing new CPR to standard CPR using 

small dogs. 

In 1906, Crile and Dolley pointed out the importance of main

taining an adequate diastolic pressure (30-40 mm Hg) in order to main

tain coronary pressure. Pearson and Redding (1967) demonstrated that by 

increasing aortic diastolic pressure to 30 mm Hg by administering epi

nephrine or methoxamine intravenously, they could increase the restora

tion of circulation in dogs. These studies were largely ignored until 

the recent study of Scinders et al. (1982). 

Even though new CPR was demonstrated to increase carotid blood 

flow, Sanders et al. (1982) showed that five out of six beagles survived 

five minutes of ventricular fibrillation using standard CPR and none of 

six beagles survived using new CPR. One difference found between the 

two techniques of CPR used on these beagles was that the aortic dias

tolic pressure was significantly higher with standard CPR than with new 

CPR. Sanders et al. (1982) postulated that this difference in aortic 

diastolic pressure could explain the difference in survival rates. A 

method which will augment aortic diastolic pressure during standard CPR 

may be the key factor in improving survival rate of cardiac arrest 

patients. 
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Statement of the Problem 

Cardiopulmonary resuscitation efforts frequently fail. If in

creasing aortic diastolic pressure would improve survival/ methods of 

increasing this parameter must be sought. However, the coronary perfu

sion pressure is dependent not only on aortic pressure but also on the 

right atrial pressure, as the coronary arteries drain into the coronary 

veins which drain into the coronary sinus which, in turn, drains into 

the right atrium. Thus, an ideal intervention would be to increase the 

aortic diastolic pressure to a greater extent than the right atrial 

diastolic pressure as it is this aortic-right atrial diastolic gradient 

that determines coronary blood flow. 

This study was performed to evaluate three methods to improve 

cardiopulmonary resuscitation by attempting to increase the aortic 

diastolic pressure. The first method investigated the effects of 50 

compressions per minute and 100 compressions per minute on the aortic 

diastolic pressure, even though 60 compressions per minute is the prac

ticed rate of compression used during CPR today. The second method 

evaluated the effect of 50 mm Hg, 100 mm Hg, and 150 mm Hg of abdominal 

building pressure with an abdominal binder during standard CPR on the 

aortic and right atrial diastolic pressures. The third method measured 

p 
the length of time it took methoxamine hydrochloride (vasoxyl , Bur

roughs Wellcome) to reach the maximum diastolic effect and how long this 

vasopressor drug lasted at this maximum diastolic level. 
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Literature Review 

This section will present a background review of research on the 

rates and duration of chest compression and their hemodynamic effects 

during CPR. Also included will be a review of literature on the use of 

abdominal binding and vasopressor drugs during CPR to improve blood 

pressure. 

Chest Congpression Rates 

In 1960, a study by Kouwenhoven et al. demonstrated that manual 

closed-chest compression provided palpable pulses and an adequate mean 

arterial pressure in dogs. Even though the issue of the external car

diac massage's physiology was not resolved, physicians recommended the 

use of closed-chest compression, in 1974 the American Heart Association 

published its Standards for Cardiopulmonary Resuscitation and Emergency 

Cardiac Care, which recommended use of CPR at 60 chest compressions per 

minute, with a 50% compression duration cycle, and one lung inflation 

following every five chest compressions. This description constituted 

standard CPR. Despite the acceptance of standard CPR, some investiga

tors continued to question how standard CPR worked and how it might be 

improved. 

Taylor et al. (1978) were among the first to use a portable 

mechanical instrument to study CPR. This instrument delivered uniform 

chest compressions as well as ventilations at a programmed airway pres

sure, ventilation frequency, compression rate and duration controlled by 

a computer. These investigators studied 50 patients who were randomized 

to receive either manual or mechanical CPR after initial resuscitative 
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measures to reverse cardiac arrest had failed. Two patients from manual 

CPR and three patients from mechanical CPR left the hospital, which 

suggested that the two methods were comparable. 

After studying the effectiveness of mechanical CPR, Taylor et 

al. (1977) examined the hemodynamic effects of varying the compression 

rate and duration during standard CPR in man. Eight patients who had 

not revived with 30 minutes of manual CPR were given mechanical CPR at 

compression rates of 40, 60 and 80 compressions per minute with com

pression durations of 30%, 40%, 50% and 60% of the cycle length. They 

discovered that a compression duration of 60% increased the forward 

arterial flow index more than did a 50% duration, even though changing 

the compression rate at a constant duration of 60% did not change the 

arterial flow index. Also, at a constant compression rate of 60 com

pressions per minute, the mean arterial pressure was increased slightly 

higher with a 60% duration than with a 40% duration cycle. These re

searchers concluded that prolonged compression appeared to increase 

arterial flow and pressure; therefore, the major emphasis during CPR 

should be on proper compression duration rather them on precise com

pression rate. 

In addition Chandra et al. (1979) showed that new CPR generated 

a carotid blood flow of 37.8 + 6.6 ml/min at a compression rate of 40 

compressions per minute, 41.1 + 4.3 ml/min at a compression rate of 20 

compressions per minute and 31.5 + 4.1 ml/min at a rate of only 10 com

pressions per minute with a 60% duration cycle whereas standard CPR 

generated a carotid flow of only 18.1 + 2.9 ml/min at a compression rate 

of 60 compressions per minute with a 50% duration cycle. It was 
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concluded that new CPR significantly increased carotid blood flow as 

compared to standard CPR even when compression rates were varied. 

In contrast, Harris, Kirmli and Safar (1967a) showed that 

carotid blood flow rates obtained with 60 compressions per minute were 

increased significantly with 72 compressions per minute but not in

creased further with 120 compressions per minute in ventricular fibril-

lating dogs. 

Other studies demonstrated that by increasing the compression 

rate cardiac output (CO) increased significantly (Maier et al. 1981, 

Fitzgerald et al. 1981) with stroke volume remaining constant (Maier et 

al. 1981). Fitzgerald et al. (1981) contradicted this by suggesting 

compression rate has little effect on CO in the range of 50-120 compres

sions per minute because, in their study, stroke volume decreased 

steadily as compression rate increased. According to Fitzgerald et al. 

(1981), the mean arterial pressure rose to 33 mm Hg to a plateau of 

49-53 at 80-120 compressions per minute in a manner similar to cardiac 

output when the duty cycle was held constant at 50% and the rate was 

varied from 20-140 compressions per minute. 

Abdominal Binding 

Recent studies (Rudikoff et al. 1980, Chandra, Rudikoff and 

Weisfeldt 1980) on dogs and human patients have shown that peripheral 

blood flow during CPR resulted from a high intrathoracic pressure rather 

than from direct cardiac compression during chest compression. Abdomi

nal binding was found to be one method of increasing intrathoracic pres

sure during CPR (Weisfeldt 1980, Ducas et al. 1981, Niemann et al. 
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1982). In 1967(b) Harris, Kirmli'and Safar performed a study using a 

constant manual compression over the upper abdomen during external chest 

compressions. Manual compression over the upper abdomen improved 

carotid blood flow but promoted liver damage. In another study abdomi

nal compressions with the military antishock trousers (MAST) doubled 

carotid arterial blood flow but also caused damage to the liver plus 

acidemia and hypoxemia (Bircher and Safar 1981). 

In contrast, Redding (1971) used a blood pressure cuff inflated 

up to 200 mm Hg of pressure as an abdominal binder and found that 

carotid blood flow during CPR was augmented with abdominal compression 

without an increase in abdominal injury. Later studies using the ab

dominal binder also increased carotid blood flow without visceral trauma 

in humans (Rosborough et al. 1981) and in dogs (Chandra, Tsitlik and 

Weisfeldt 1981a). 

Rudikoff et al. (1980) demonstrated that abdominal binding also 

produced a rise in systemic and systolic blood pressure which these re

searchers suggested accounted for the increased blood flow produced by 

the binder. In another dog study, abdominal binding increased esopha

geal pressures and blood volume. These increases were postulated to be 

due to the rise in systemic pressure (Weisfeldt 1980). 

Optimizing coronary and cerebral perfusion should be the goals 

of advanced cardiac life support. Koehler et al. (1981) used the ab

dominal binder with simultaneous ventilation and compression (SVC) and 

demonstrated that the mean carotid arterial pressure (CAP) and the mean 

intracranial pressure (ICP) were higher with the SVC method than with 

standard CPR. The net cerebral perfusion pressure (CAP-ICP) was 
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significantly higher during SVC-CPR than during standard OPR. Also, the 

cerebral blood flow during ventricular fibrillation fell significantly 

less with SVC than with standard CPR. Koehler et al. (1981) concluded 

that SVC combined with abdominal binding improved brain perfusion by 

enhancing cerebral perfusion pressure. In contrast Niemann et a'L. 

(1982) confirmed that abdominal binding during CPR increased aortic and 

right atrial pressures which suggested that a rise in intrathoracic 

pressures was the primary contribution of abdominal binding during CPR. 

To improve perfusion pressures the aortic pressure must be increased or 

the right atrial pressure decreased; therefore, abdominal binding may 

not enhance perfusion according to a recent Niemann et al. (1982) study. 

Further, optimizing the outcome of survival after CPR should be 

a goal of advanced cardiac life support. Redding (1971) restored cir

culation and consciousness in 14 out of 15 dogs using CPR and abdominal 

compression with the binder inflated to a pressure between 150 and 200 

mm Hg as compared to three out of 15 and one out of 15, respectively, 

with CPR alone. Using CPR and abdominal compressions, nine out of 15 

dogs survived 24 hours whereas only one out of 15 dogs survived 24 hours 

with just CPR. In all 100 dogs in which resuscitation was attempted in 

Redding's (1971) experiments, there was a direct correlation between the 

return of spontaneous circulation and the development of aortic dias

tolic pressures above 40 mm Hg, as well as a correlation between failure 

of resuscitation and the aortic diastolic pressures being below 40 mm 

Hg. Redding (1971) used the diastolic pressure as a reflection of coro

nary pressure. Therefore, according to Redding (1971), abdominal com

pression increased the effectiveness of resuscitation by elevating the 
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aortic diastolic pressure. If abdominal binding can be shown to in

crease the diastolic pressure and increase the survival rate by aug

menting cerebral and coronary perfusion it should become part of the 

resuscitative efforts. 

Methoxamine Hydrochloride 

In 1906 Crile and Dolley pointed out the importance of maintain

ing em adequate diastolic pressure (30-40 mm Hg) in order to maintain 

coronary perfusion during resuscitation. Since these investigators felt 

that ceurdiac massage alone would not produce em adequate diastolic pres

sure they studied the use of a sympathetic vasopressor drug called epi

nephrine (adrenaline). They discovered that epinephrine gave a rapid 

rise in arterial pressure which improved the success of resuscitation 

from death caused by asphyxia, chloroform or ether. Redding and Pearson 

(1963) studied four peripheral vasoconstrictors (epinephrine, phenyl

ephrine, metaraminol and methoxamine). No significemt difference in 

effectiveness was appeurent among all four peripheral vasoconstrictors 

during resuscitation from cardiac standstill. All four agents caused 

the diastolic pressure to rise; therefore, it was postulated that these 

agents worked by increasing the coronary perfusion during diastole. 

Other investigators (Hjort, Randall, emd De Beer 1948, Stutzman, 

Pettinga emd Fruggiero 1949) studied the use of a sympathomimetic vaso

pressor drug called methoxamine hydrochloride (3-hydroxy- (3- (2,5-

dimethoxy phenyl) isopropylamine hydrochloride) emd claimed that this 

agent did not accelerate the heart or cause ventricular eunrhythmias 

during cyclopropane anesthesia. In addition, a study by Berger and 
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Rackliffe (1953) suggested that methoxamine is a safe drug because it 

does not cause cardiac irritability, which makes it unique among pressor 

amines. These researchers demonstrated in two patients that methoxamine 

actually stopped attacks of supraventricular tachycardia complicated by 

vascular collapse. This drug's mechanism of action was believed to be a 

reflex vagal effect in response to an elevated carotid sinus pressure. 

De Geest, Levy, and Zieske (1964) stated that the vagus nerves have a 

depressant influence on the pacemaker cells, the conduction system and 

atrial myocardium in mammalian hearts. The vagi exert a negative ino

tropic effect directly upon the ventricular myocardium. 

Also, Lahti, Brill and McCawley (1955) showed that 10 mgAg of 

methoxamine protected against epinephrine cyclopropane ventricular ar

rhythmias. This protection occurred even after vagotomy; therefore, 

this action of methoxamine was not thought to be mediated through re

flexes involving the vagus nerve according to Lahti et al. (1955). Even 

large doses of methoxamine (.2-10 mgAg) did not cause ventricular 

fibrillation but caused slight slowing of the heart rate. These in

vestigators also suggested that the pressor effects of methoxamine ap

peared to be due to an increased peripheral resistance and methoxamine 

showed no evidence of stimulating the myocardium. 

In a study by Aviado and Wnuck (1957), methoxamine was compared 

to two other amines (norepinephrine and epinephrine) during intracoro-

nary injections. Methoxamine did not have any effect on the sino-atrial 

node (SA node) whereas epinephrine and norepinephrine caused immediate 

tachycardia which arose from a positive chronotropic action of these two 

amines on the SA node (Lahti et al. 1955). Instead, methoxamine caused 



a reduction in heart rate in dogs due to stimulation of the barorecep-

tors in the carotid sinus and aortic arch initiated by the vasoconstric

tion and resultant rise in blood pressure (Aviado and Wnuck 1957). 

In 1961 Shoichi, Shigei and Hashimoto used methoxamine and epi

nephrine together on 33 dogs. They showed methoxamine to cause a rise 

in right atrial pressure which gave a measure of heart contractility. 

Also a moderate decrease in coronary flow and a rise in pulmonary ar

terial pressure were observed. Epinephrine has a positive inotropic 

effect on the heart due to the increase in stroke volume. Since methox

amine inhibits the cardioaccelerator action of epinephrine these re

searchers concluded that methoxamine has an inhibitory action on the 

inotropic effect of epinephrine, besides its inhibitory action on the 

chronotropic effect. They postulated that this antagonistic action 

between epinephrine and methoxamine was due to the competition of these 

two drugs for the same receptor site. 

In cats methoxamine (.5 mgAg) produced an immediate rise in 

blood pressure which lasted for 15-35 minutes and which was accompanied 

by a slowing of the heart (Karim 1965). Neither denervation of the 

carotid sinus or the aortic arch prevented bradycardia from being pro

duced by methoxamine in cats; only additional sympathetic nerve removal 

and treatment with reserpine did. These results on cats suggested that 

reduction in heart rate produced by methoxamine might be due to blocking 

effects of released norepinephrine at the post ganglionic sympathetic 

nerve endings (Karim 1965). It was concluded that methoxamine acted as 

an antagonist of 3-receptors for catecholamines (Karim 1965). 
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A study done on eight normal people given 9-20.7 mg of methox

amine intravenously over a period of 30-54 minutes showed methoxamine to 

increase mean arterial pressure 19%, mean venous pressure 48%, and 

central blood volume 11% and to decrease heart rate 22% (Duke, Ames and 

Abelmann 1963). Seven out of eight people showed increased stroke 

volume. These values indicated that even during bradycardia cardiac 

output was maintained by the increased stroke volume. 

Another important point about methoxamine is that it has been 

shown to be more successful in resuscitating dogs from ventricular 

fibrillation than has epinephrine (Redding and Pearson 1968). In their 

study peripheral vasoconstrictors were shown to be of value in resusci

tation from ventricular fibrillation by increasing peripheral vascular 

tone which lead to elevated diastolic pressures during cardiac massage. 

Redding and Pearson (1968) suggested that the increased diastolic pres

sure probably resulted in better perfusion of the heart. In another 

study Redding (1971) showed that after he administered 20 mg of methox

amine intravenously to 18 dogs the aortic diastolic pressure was 45-70 

mm Hg and all 18 dogs' circulation returned. Yakaitis, Otto and Blitt 

(1979) obtained results confirming the observations of Redding and Pear

son (1963, 1968) by showing alpha-receptor stimulation is necessary for 

re-establishing effective pumping activity in the arrested heart. These 

researchers confirmed that a-adrenergic receptor stimulation is of prime 

importance in successful resuscitation of the asphyxiated dog and that 

the ^-adrenergic receptor stimulation is unnecessary. Since methoxamine 

is a pure a-adrenergic agonist and epinephrine is an a and ^-adrenergic 
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agonist, methoxamine may be the more advantageous drug to be used during 

CPR. 

Holmes et al. (1980) also demonstrated that a-adrenergic activ

ity is more important them ^-adrenergic activity in resuscitating dogs. 

Their data confirmed Redding's hypothesis that peripheral vascular 

effects of adrenergic drugs redirect the blood flow to the heart and 

brain during CPR. 

According to the Physicians Desk Reference (1980) methoxamine is 

used for supporting, restoring or maintaining blood pressure during 

anesthesia and for terminating episodes of paroxysmal supraventricular 

tachycardia. Methoxamine seems to be the better drug to use during CPR 

than epinephrine since it does not cause ventricular tachycardia, 

fibrillation or an increased sinoauricular rate. 

In conclusion very few experiments have studied the most effi

cient compression rate to be used during CPR for an optimal survival 

rate. Same researchers have argued that the duration of compression is 

more important than the rate of compression. More research needs to be 

performed to determine what standard duty cycle and compression rate 

should be used to give the most effective blood pressure and flow to 

optimize resuscitation and survival. 

Other studies have shown that abdominal binding and methoxamine 

can increase the aortic diastolic pressure and survival from ventricular 

fibrillation. Abdominal binder usage during CPR has been a controver

sial subject among many researchers due to the reported cases of liver 

damage in dogs and the increased right atrial as well as aortic diastolic 

pressures; therefore, the binder may not be all that effective. Many 
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researchers support the use of methoxamine to restore blood pressure and 

to prevent tachycardia. More research needs to be performed on abdominal 

binding's and methoxamine hydrochloride's long term systemic effects 

before they become accepted as part of the resuscitation efforts. 



CHAPTER 2 

METHODOLOGY 

This chapter contains a comprehensive description of the sub

jects, experimental procedure and statistical analysis utilized for this 

study. It includes an explanation of the surgical methods, the physio

logical monitoring, and the techniques for induction of fibrillation and 

CPR necessary to complete the experiment. The experimental procedure is 

categorized and described in four peurts. A concluding section explains 

the'statistical analysis used on the data. 

Subject Characteristics 

The study was performed on six healthy mongrel dogs weighing-

9.2-14.2 kilograms that were fasted 24 hours previous to the study. It 

has been stated by Voorhees, Babbs, and Tacker (1980) that large keel 

chested dogs are more difficult to compress during CPR than are smaller 

barrel chested dogs. The subjects' weights and chest dimensions are 

presented in Table 1. 

Procedure 

Each subject was anesthetized intravenously with sodium pento

barbital (32 mg/kg) and intubated with a cuffed endotracheal tube. The 

subject was placed on an adjustable wooden v-frame that connected to the 

£ 
mechanical chest compression device (Thumper , Michigan instruments, 

Inc., Grand Rapids, Michigan) mounted on the surgery table. The sub

ject1 s chest dimensions were measured. The right femoral artery was 

15 
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Table 1. Measurements of the Subjects' Weight and Chest Dimensions. 

Chest Lateral Dorsoventral 
Wt. Circ. Sternum Chest Chest 

Subject kg. cm. cm. cm. cm. 

01 9.2* 45* 6 9* 13* 

02 13.4 48 5 12 16 

03 13.3 51 7 16* 20* 

04 10.3 49 5 10.5 18 

05 11.2 50 6 11 17 

06 14.2* 53* 8* 14 19 

* 
significant at the p < 0.05 level 

exposed and a catheter was advanced into the thoracic aorta to monitor 

arterial pressure. The right femoral vein was exposed and a catheter 

advanced into the right atrium to record the venous pressure. A solu

tion consisting of heparin and normal saline (1000 units/500 cc) was 

flushed through the catheters to retard clot formations in the catheters 

and to reduce intravascular coagulation during periods of circulatory 

arrest. The left femoral vein was cannulated and a No. 4 french bipolar 

pacing catheter was advanced into the right ventricle to induce ventric

ular fibrillation. A needle electrode was placed in the subcutaneous 

tissue of the proximal medial area of each of the four legs to record 

the electrocardiogram (EGG). 
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Physiological Monitoring 

The Hewlett Packard 7700 series recorder displayed the electro

cardiogram on leads I and II as well as displaying the aortic blood 

pressure. The Xanadu Universal Programmable Timer (Xanadu Controls, 

Springfield, New Jersey) programmed the ventilation and compression 

£ rates. The timer connected to the mechanical resuscitator (Thumper , 

Michigan Instruments, Inc., Grand Rapids, Michigan). During this study 

the compression-ventilation ratio was programmed for five chest compres

sions per ventilation. Artificial ventilation used was 100% 02 at 15 mm 

H2o pressure. A 50% duration cycle was used with a compression force on 

the sternum of approximately 60 pounds (4 cm.). The 50% compression 

duration was selected to conform to current Journal of the American 

Medical Association (JAMA) CPR standards. For defibrillation, the 

Hewlett Packard 7802C Defibrillator and redox electrical paste were 

used. The paddles were placed on opposite sides of the chest. 

Induction of Fibrillation and CPR 

Ventricular fibrillation was induced by passing a low voltage 

60 Hz current through the bipolar catheter to the right ventricle. 

Fibrillation was confirmed by the presence of random fibrillation waves 

on the ECG and by the loss of arterial blood pressure. Chest compres-

sion and ventilation, provided by the Thumper (Michigan instruments, 

Inc., Grand Rapids, Michigan), were started 10 seconds after ventricular 

fibrillation began. 



Part A 

Three dogs were randomly selected for Group I and three other 

dogs for Group II. Each subject was fibrillated for 10 seconds without 

CPR. At 10 seconds CPR was started at a compression rate of 50 compres

sions per minute for one minute for Group I and started at a compression 

rate of 100 compressions per minute for one minute for Group II. After 

one minute of CPR the compression rate was changed to 100 compressions 

per minute for one minute in Group I and to 50 compressions per minute 

for one minute in Group II. At the end of two minutes and 10 seconds, 

CPR was stopped and defibrillation was attempted with a stored energy of 

50 watt/sec. If this was not successful, a second shock of 100 watt/sec 

stored energy was given. Each subject was monitored after successful 

defibrillation and allowed to stabilize for approximately 10 minutes. 

Part B 

After being stable for 10 minutes each subject was fibrillated a 

second time. CPR was started after 10 seconds at a rate of 100 compres

sions per minute for one minute in Group I and at a rate of 50 compres

sions per minute in Group II. After one minute of CPR the rate was 

changed to 50 compressions per minute for one minute in Group I and to 

100 compressions per minute for one minute in Group II. CPR was stopped 

at two minutes and 10 seconds and defibrillation was attempted in the 

same manner as in Part A. Again, each subject was allowed to stabilize 

for 10 minutes. 
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Part C 

The subjects were fibrillated a third time. CPR started at 10 

seconds at a rate of compressions per minute in Group I and at a rate of 

100 compressions per minute in Group II. At one minute of CPR the ab

dominal binder, a blood pressure cuff around the abdomen, was pumped up 

to 100 mm Hg for one minute. One minute later the binder was released 

completely. At three minutes the binder was pumped up to 50 mm Hg for 

one minute. At four minutes the binder was pumped to 150 mm Hg. At 

five minutes the binder was released and defibrillation was attempted 

until cardioversion occurred. Each subject was monitored for another 

10 minutes. 

Part D 

The subjects were fibrillated a fourth time. CPR started at 

10 seconds at a rate of 50 compressions per minute in Group I and at a 

rate of 100 compressions per minute in Group II.' At one minute, with 

CPR continuing, 10 mg of methoxamine hydrochloride (vasoxyl , Burroughs 

Wellcome, Greenville, North Carolina) was administered via the femoral 

vein. The arterial diastolic pressure was monitored and once it dropped 

20 mm Hg below its highest point, defibrillation was attempted. Any 

subject who defibrillated was euthanized with euthanol-6 (1 ml/10 lbs) 

and gross necropsies were performed. 

Statistical Analysis 

All data except that pertaining to time measurements taken on 

the effects of methoxamine on the aortic diastolic pressure were analyzed 

by a paired t-test for significance. The mean and standard deviations 



were computed on the time methoxamine took to reach a maximi aortic 

diastolic pressure and how long it stayed at this maximum pi 3sure. 

Only values at the .05 level or better were considered to bt signifi

cant. 



CHAPTER 3 

RESULTS 

The physical characteristics of the subjects prior to this study 

are presented in Table 1. The values for the dogs' weight, chest circum

ference, lateral chest, and dorsoventral chest dimensions were each 

tested for statistical significance established at p < 0.05 (Table 1). 

At least one and no more them two dogs were significantly different in 

each category. Subject one was significantly smaller in four out of 

five categories and subject six was significantly larger in three out of 

the five categories. Subject three was significantly larger in two 

categories whereas subjects two, four and five all fell in the normal 

range of values. 

The values (mean and standard deviations) for the responses to 

the chest compression rates (50 and 100) in parts A and B are given in 

Table 2. In part A no statistically significant difference was found 

between 50 and 100 compressions per minute when measuring the aortic 

and right atrial diastolic and systolic pressures. In part B the aortic 

systolic and diastolic pressures were significantly (p < 0.02) higher 

during 100 compressions per minute theui during 50 compressions per 

minute on all six dogs. The aortic diastolic pressure means were above 

20 mm Hg in parts A and B. 

In part c the abdominal binder with 100 mm Hg of pressure in

creased the right atrial systolic, aortic systolic, and aortic diastolic 



Table 2 ,  Means, difference of the two means, standard deviations and standard errors of the 
systolic and diastolic pressures from parts A and B comparing 50 compressions/minute 
with 100 compressions/minute (standard deviations in parentheses). 

PART A PART B 

Pressure Reading X50 X100 
D SD SE 

50 100 
D SD SE 

Aortic Systolic 63 
(18) 

54 
(21) 

9 19.6 8 56 
(18.5) 

63 
(16.6) 

7* 4.8 1.9 

Aortic Diastolic 26.3 
(12) 

19.8 
(15.5) 

6.5 9.2 3.8 21 
(14.2) 

32 
(10) 

11* 6.8 2.8 

R. Atrium Systolic 63 
( 9.5) 

56 
(17.6) 

6.3 20 8.2 68 
(16.2) 

57 
(8.4) 

11 16.9 6.8 

R. Atrium Diastolic 7 
(12) 

5 
(12) 

1.7 4 1.6 11 
(17) 

12 
(18) 

1 1.4 .6 

n = 6 

* 
significant at p < 0.05 level 



pressures significantly (p < 0.05) when compared to the control (no 

binding) (Table 3). The averaged aortic diastolic pressure when using 

100 mm Hg of pressure was 45 + 10 mm Hg. Fifty mm Hg of abdominal pres

sure increased the aortic diastolic pressure (26 + 15.9 mm Hg to 37 + 16 

mm Hg) and the right atrial pressures but not significantly when com

pared to the control (Table 4). The 50 mm Hg of pressure increased only 

the aortic systolic pressure (68 + 14.6 mm Hg to 103 + 21 mm Hg) sig

nificantly (Table 4). When the binder was released at three minutes and 

compared to 50 mm Hg of pressure, the aortic diastolic, aortic systolic 

and right atrial diastolic pressures were shown to be significantly 

higher (Table 5). Using the paired t-test, no significant difference 

was illustrated in the aortic or right atrial pressures when 100 mm Hg 

of abdominal pressure was compared to 50 mm Hg of abdominal pressure 

(Table 6). During 150 mm Hg of abdominal pressure the blood pressure 

waves on each dog were too erratic to measure properly; therefore, this 

pressure measurement was not evaluated further for this study. 

In part D methoxamine hydrochloride elevated the aortic dias

tolic pressure significantly (p < 0.01) from 20 + 16 mm Hg to 57 + 28 mm 

Hg and significantly (p < 0.05) elevated the aortic systolic pressure 

from 66.9 + 20 mm Hg to 132.5 + 55.5 mm Hg. However, the right atrial 

systolic pressure only slightly increased and the right atrial diastolic 

pressure remained constant after the administration of methoxamine. 

These values are illustrated in Table 7. The coronary perfusion pres

sure which was measured by calculating the difference between the aortic 

and right atrial diastolic pressures was significantly higher after the 

administration of methoxamine. The diastolic perfusion pressure 
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Table 3. Values of aortic and right atrial blood pressures without 
using abdominal binding (control) compared to blood pressure 
values when using 100 mm Hg of abdominal pressure during 
CPR (standard deviations in parentheses). 

Pressure Reading X 
c X100b 

D SD SE 

Aortic Systolic 68 107 39* 28.5 11.6 
(14.6) (24) 

Aortic Diastolic 26 45 19** 11.2 4.6 
(15.9) (10) 

R. Atrial Systolic 60 88 28* 20.6 8.4 
( 4.3) (21.9) 

R. Atrial Diastolic 6 14 8 10.5 4.3 
(14.1) (19) 

n = 6 

* 
significant at the p < 0.02 level 

ft ft 

significant at the p < 0.01 level 
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Table 4. The values of aortic emd right atrial blood pressures without 
using abdominal binding (control) compared to blood pressure 
values when using 50 mm Hg of abdominal pressure during CPR 
(standard deviations in parentheses). 

Pressure Reading X 
c X50b 

D SD SE 

Aortic Systolic 68 103 35* 18.3 
(14.6) (21) 

Aortic Diastolic 26 37 11 12.4 
(15.9) (16) 

R. Atrial Systolic 60 88 28 29.5 
( 4.3) (32) 

R. Atrial Diastolic 6 13 6.7 9.3 
(14.1) (17) 

n = 6 

* 
significant at the p < 0.01 level 



26 

Table 5. Values of aortic and right atrial blood pressures after 
release of the abdominal binder at three minutes compared to 
blood pressure values when using 50 mm Hg of abdominal 
pressure during CPR at two minutes (standard deviations in 
parentheses). 

Pressure Reading X 
r X50b 

D SD SE 

Aortic Systolic 69 103 33.5** 17.5 7.2 
(16) (21) 

Aortic Diastolic 22 37 14.7* 10.3 4.2 
(12.2) (16) 

R. Atrial Systolic 75 88 13.5 14.8 6 
(19) (32) 

R. Atrial Diastolic 10 13 3* 2.5 1 
(16) (17) 

n = 6 

* 
significant at the p < 0.05 level 

** 
significant at the p < 0.01 level 



Table 6. Values of aortic and right atrial blood pressures when using 
50 ran Hg of abdominal pressure compared to blood pressure 
values when using 100 mm Hg of abdominal pressure during CPR 
(standard deviations in parentheses). 

Pressure Reading 
X100b 50b 

D SD SE 

Aortic Systolic 107 103 4.3 15.7 6.4 
(24) (21) 

Aortic Diastolic 45 37 8.5 13.6 5.6 
(10) (16) 

R. Atrial Systolic 88 88 .2 12.5 5.1 
(21.9) (32) 

R. Atrial Diastolic 14 13 1.3 2.9 1.2 
(19) (17) 

n = 6 

* 
significant at the p < 0.05 level 
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Table 7. Comparison of aortic and right atrial blood pressures during 
CPR without methoxamine (control) to the maximum blood 
pressure levels after intravenously administering 10 mg 
of methoxamine (standard deviations in parentheses). 

Pressure Reading X 
c 

X 
m 

D SD SE 

Aortic Systolic 66.9 132.5 66* 53 21.6 
(20) (55.5) 

Aortic Diastolic 20 57 36.9** 19 7.8 
(16) (28) 

R. Atrial Systolic 69.5 79.2 9.7 25.3 10 
(20.6) (30.8) 

R. Atrial Diastolic 10 10.8 .8 1.3 .5 
(15.6) (16.9) 

n = 6 

* 
significant at the p < 0.05 level 

** 
significant at the p < 0.01 level 
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increased from 9.8 ± 14.8 mm Hg to 45.8 + 20.8 mm Hg. One dog out of 

six did not show any elevation of the aortic diastolic pressure from the 

intravenous administration of methoxamine. The time it took methoxamine 

to reach its maximum aortic diastolic pressure was 62 +_ 14 seconds. 

Methoxamine maintained this maximum level of effectiveness for 104 + 28 

seconds. 

All six dogs defibrillated with either one shock of 50 watt/sec 

or with an additional shock of 100 watt/sec in all four parts pf the 

study. At necropsy, none of the dogs had any gross liver or abdominal 

damage due to the abdominal binder although three dogs had slight to 

moderate pulmonary hemorrhage probably due to the chest compression 

force. 



CHAPTER 4 

DISCUSSION 

The results from part A have shown there to be no significant 

(p < 0.05) difference in the aortic diastolic pressure when comparing 

the compression rate of 50 compressions per minute with 100 compressions 

per minute regardless of which compression rate was used first. The 

aortic diastolic pressure is important because it determines coronary 

blood flow, which may be the key factor in determining survival from 

CPR. This result seems to support Taylor et al. (1977) who demonstrated 

that varying compression rates from 40 to 80 compressions per minute 

with a constant duration of 60% did not change carotid blood flow. 

These investigators also discovered the mew arterial pressure to in

crease slightly more with a 60% duration cycle than with a 40% duration 

cycle when the compression rate was held constant at 60 compressiohs per 

minute. Since our study did not vary the compression duration cycle no 

conclusions cam be drawn to support Taylor's et al. (1977) results that 

prolonging compression duration cycle raises mean arterial pressure. 

In part B aortic systolic and diastolic pressures were signifi

cantly (p < 0.02) higher during 100 compressions per minute than during 

50 compressions per minute regardless of which compression rate was used 

first. These data tend to support other studies which have shown that 

carotid blood flow (Harris, Kirmli and Safar 1967a), cardiac output 

(Maier et al. 1981, Fitzgerald et al. 1981) and the mean arterial 



pressure (Fitzgerald et al. 1981) increased significantly when the com

pression rates were increased and the duty cycle was held constant at 

50%. However, these findings contradict Taylor's et al. (1977) compres

sion rate conclusions. 

The possible reason for the compression rate difference in sig

nificance in part B as compared to part A may be due to preconditioning 

of the chest by the Thumper in part A. This preconditioning may have 

produced better contpression of the heart in part B. 

Crile and Dolley in 1906 noted the importance of an aortic 

diastolic pressure of 30-40 mm Hg during CPR. The averages of all the 

aortic diastolic pressures in parts A and B were in the range of 21 mm 

Hg-26 mm Hg with the exception of 100 compressions per minute in part B 

with a pressure of 32 mm Hg. 

Redding (1971) has shown that abdominal binding can increase 

aortic diastolic pressure and peripheral vascular resistance, thereby 

improving resuscitation from asphyxial arrested dogs. The results of 

part C support Redding's concept that abdominal binding will increase 

aortic diastolic pressure which is important for successful CPR. With 

50 mm Hg of abdominal pressure the aortic diastolic pressure increased 

from 26 + 15.9 mm Hg to 37 + 16 mm Hg but this increase was not signifi

cant (p > 0.05) whereas 100 mm Hg of abdominal pressure significantly 

(p < 0.01) increased aortic diastolic pressure from 26 + 15.9 mm Hg to 

45 + 10 mm Hg. Aortic systolic and right atrial systolic pressures also 

significantly (p < 0.02) increased with use of 100 mm Hg of abdominal 

pressure whereas only the aortic systolic pressure was increased sig

nificantly (p < 0.01) with 50 mm Hg of abdominal pressure. The rise in 



systolic pressure may be due to increased intrathoracic pressure pro-

lduced by the abdominal binder and not by cardiac compression. The rise 

in systolic pressures supports Rudikoff et al. (1980), who demonstrated 

that the abdominal binder produced a rise in systemic and systolic blood 

pressures which were postulated to account for the increased blood flow 

produced by the binder. Also, Niemann et al. (1982) confirmed that ab

dominal binding during CPR increased aortic and right atrial pressures. 

However, they felt that the binder may not improve perfusion pressure 

due to the rise in right atrial pressures. When 100 mm Hg of abdominal 

pressure was compared to the use of 50 mm Hg of abdominal pressure the 

aortic diastolic pressure was higher with 100 mm Hg but not signifi

cantly. The blood pressure waves after the binder was pumped up to 150 

mm Hg were too erratic to measure and the 150 mm Hg of abdominal pres

sure was sometimes difficult to maintain. Even though the abdominal 

pressure of 150 mm Hg was not evaluated, the abdominal binder seemed to 

elevate the aortic diastolic pressure as the abdominal pressure increased 

to that level without abdominal injury. In his 1971 experiment, Redding 

used abdominal pressure as high as 200 mm Hg of pressure with an increase 

in survival and without an increase in abdominal damage. Other studies 

(Harris et al. 1967b, Bircher and Safar 1981) discouraged the use of 

abdominal binder during CPR because of the rise in abdominal injury. 

The amount of pressure and the method by which it is applied to the 

abdomen should be taken into consideration before any decision can be 

reached upon the safety of the abdominal binder. 

Epinephrine is well known for vasoconstriction which increases 

aortic diastolic pressure and therefore coronary perfusion pressure. 



33 

Redding and Pearson (1963, 1968) showed that alpha adrenergic agents 

such as methoxamine and phenylephrine are just as successful as epi

nephrine in restoring circulation in the arrested heart. Yakaitis et al. 

(1979) confirmed the importance of the alpha stimulation in resuscita

tion by using selective blocking agents. Our results indicated that 

methoxamine hydrochloride significantly (p < 0.01) elevated the aortic 

diastolic pressure from 20 +_ 16 mm Hg to 47 + 28 mm Hg and significantly 

(p < 0.05) increased the aortic systolic pressure from 66.9 + 20 mm Hg 

to 132.5 + 55.5 mm Hg. These data seem to support the finding of 

Yakaitis et al. (1979) that methoxamine is an important alpha agent for 

successful resuscitation. Since the aortic diastolic pressure rose with 

the administration of methoxamine it could be postulated that this agent 

causes increased coronary perfusion during diastole by its vasocon

striction properties. 

In addition, methoxamine did not cause cardiac irritability. 

This finding is in agreement with a study by Berger and Rackliffe (1953) 

who suggested that methoxamine is a safe drug for treating supraventricu

lar tachycardia. Smith and Whitcher (1967) suggested that methoxamine 

has a mild beta-blocking effect which may be the cause of its anti

arrhythmic effect. In the present study the 10 mg of methoxamine ad

ministered to each dog raised the right atrial systolic pressure from 

69.5 + 20.6 mm Hg to 79. ± 36.8 mm Hg. Shoichi et al. (1961) showed 

methoxamine to cau&s a rise in right atrial pressure which they stated 

gave a measure of heart contractility. 

On the average, methoxamine took 62 +_ 14 seconds to reach its 

maximum aortic diastolic level and maintained this maximum level of 
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effectiveness for 104 + 28 seconds. In only one dog out of six did 

methoxamine hydrochloride not elevate the aortic diastolic pressure and 

produce the desired response. Although survival rate cannot be deter

mined by this study, each dog defibrillated with a spontaneous return of 

circulation after either one or two shocks. This leads us to suggest 

that the elevated aortic diastolic pressure produced by abdominal bind

ing and methoxamine during CPR may have been the key to the successful 

resuscitation attempts. 



CHAPTER 5 

SUMMARY 

This project was performed to verify the effects that chest 

compression rates, abdominal binding and the intravenous administration 

of methoxamine have on the aortic diastolic pressure during CPR in ven

tricular fibrillating dogs. Part A indicated that different chest com

pression rates during CPR-did not affect the aortic diastolic pressure. 

Part B seemed to disprove part A by pointing out that 100 compressions 

per minute significantly elevated the aortic diastolic pressure as com

pared to 50 compressions per minute. The reason for the difference 

between part A and part B is unclear but may be related to molding of 

the chest in put A by the Thumper. 

The abdominal binder significantly increased the aortic dias

tolic pressure when using 100 mm Hg of abdominal pressure. After using 

abdominal pressure from 50 to 150 mm Hg no abdominal damage was observed 

during necropsy. 

Also, methoxamine hydrochloride proved to increase significantly 

the aortic diastolic and systolic pressures during CPR. This vaso

pressor drug took only 62 + 14 seconds to obtain the maximum aortic 

diastolic level and maintained this maximum level of effectiveness for 

104 + 28 seconds. Methoxamine has been shown to be a strong vasopressor 

drug which works by significantly raising the aortic systolic and 

diastolic pressures and thereby increasing the coronary perfusion pres

sure during ventricular fibrillation on dogs. 

35 
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Thus, on the basis of this study, it appears that elevating the 

aortic diastolic pressure and increasing the coronary perfusion pressure 

by the use of methoxamine and possibly by abdominal binding may be the 

key elements to successful cardiac resuscitation. Further experiments 

need to be performed to perfect the method of administering abdominal 

binding and to standardize the amount of abdominal pressure to augment 

perfusion pressure and minimize systemic injury. This project demon

strates that the aortic diastolic pressure is elevated by methoxamine 

and the binder during CPR but further experiments need to be run to 

verify whether these two methods increase the rate of survival. 
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