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FOREWORD 

This report was prepared in support of Project No. 7222, "Biophysics 
of Flight, " administered by the Multienvironment Division, Biophysics 
Laboratory of the ! Aerospace Medical Research Laboratories, Aerospace 
Medical Division, Wright-Patterson Air Force Base, Ohio. This work was 
accomplished in the Environmental Stress Branch of the Multienvironment 
Division during late 1963 and early 1964. 

The author is indebted to Dr. Raymond H. Murray and the staff of 
the Indiana Cardiopulmonary Research Laboratory (Air Force Contract No. 
AF 33(616)-8378) for their invaluable advice and assistance with the 
procedures, and to Ralph F. Ziegler, Captain, USAF, VC, for preparation 
of the animals and follow-up care. 

This technical report has been reviewed and is approved. 

I. W. HEIM, PhD 
Technical Director 
Biophysics Laboratory 
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ABSTRACT 

Eight normal Macaca mulatta anesthetized with pentobarbital were 
subjected to right and retrograde left heart catheterization and analysis of 
expired gas. Measurements were made of the aortic, left ventricular, 
pulmonary capillary, pulmonary arterial, right ventricular and right atrial 
pressures, heart rate, cardiac and stroke index, peripheral and pulmonary 
vascular resistance, tension-time index, systolic ejection period and 
rate index, left ventricular work and stroke index, minute respiratory 
volume and oxygen consumption index and arterial and mixed venous 
blood oxygen content and saturation. The data will serve as a baseline 
for cardiopulmonary studies with this species. 
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CARDIOPULMONARY MEASUREMENTS OBTAINED BY RIGHT AND LEFT CARDIAC 

CATHETERIZATION OF MACACA MULATTA 

INTRODUCTION 

Scant data is available on the hemodynamics of the intact rhesus monkey 
(Macaca mulatta) (refs 1, 2, 3). The small fragile peripheral arteries and veins 
in this species, the largest of which approximates 2-3 mm in the adult, cause 
considerable technical difficulty in gathering such data. 

MATERIALS AND METHODS 

Eight healthy male monkeys (Macaca mulatta) were anesthetized with a 
30 mg/kg intravenous injection of sodium pentobarbital. An inflatable cuffed 
endotracheal tube was then inserted. Supplemental injections of sodium 
pentobarbital were administered as required to maintain surgical anesthesia. 

Following measurement of the rectal temperature, conventional 
electrocardiographic paste electrodes were attached to shaved areas on the 
extremities for continuous oscilloscopic monitoring throughout the experiment. 
A peripheral artery and vein, usually unilateral femoral vessels, were 
surgically exposed under aseptic conditions. A PE-160 polyethelene catheter 
with an indwelling Seldinger guidewlre was inserted through an incision in 
the artery and introduced under fluoroscopic guidance to the left ventricle. 
The guidewlre was then removed and the arterial catheter attached to a 
Statham P-23DB strain gauge at the right atrial level. Pressures were recorded 
on a Model DR-8 Electronics for Medicine recorder with a direct writing 
attachment in the left ventricle and during a pull-through to the ascending 
aorta. The arterial catheter was left in place in the central aorta and flushed 
periodically with a heparin-saline mixture, consisting of 100 mg of heparin 
per liter of normal saline. 

The exposed vein was intubated with a 6-French, birdseye, catheter, 
which was manipulated to the pulmonary capillary (wedge) position under 
fluoroscopic guidance. Pressures were obtained throughout the lesser circu¬ 
lation as described above. Electronically integrated mean pressures were 
obtained from the central aorta, the pulmonary capillary position, pulmonary 
artery, right ventricle, and right atrium. Patency of the venous catheter was 
ensured by a continuous heparin-saline gravity drip. The total volume of 
infused saline was less than 50 ml during the time required for the procedure, 
approximately 1 hour. 
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Following pressure measurements, from 3- to 10-minute timed samples 
of expired gas were collected in a Douglas bag. The volume of the col¬ 
lection was determined in a Tissot spirometer and the percentage oí orygen 
in the expired gas measured with a Beckman Model E-2 oxygen analyser 
considered to be accurate within ±0.5%. Blood samples were drawn rapidly 
from the aorta and pulmonary artery at the midpoint of the expired gas col¬ 
lection and analyzed for oxygen content and saturation with the Van Slyke 
apparatus. This permitted computation of the cardiac output by the direct 
Pick oxygen method. 

Immediately after the expired gas collection, cardiac output was 
determined by the dye dilution technique. Cardio-Green (1.25 mg) was 
injected into the pulmonary artery, and central aortic blood was drawn 
through a Gilford densitometer with a Harvard Model 600-900 Infusion/ 
Withdrawal Pump. The resulting dye curves were recorded on the Model 
DR-8 recorder and analyzed for flow by a method described by Lilienfeld and 
Kovach (ref 4). When the procedure was completed the vessels were doubly 
ligated and the wounds closed with silk sutures. 

RESULTS AND DISCUSSION 

Each animal was studied once, with the exception of animal 1. 
A repeat study was made on this subject 50 days after the procedure, an 
interval considered more than adequate for recovery. 

Table 1 gives the various pressures measured and the weight and 
surface area oí the eight animals. Body weight and surface area varied 
widely. The ; essures were similar to those obtained in the normal human 
adult. Several of the monkeys demonstrated a sustained systolic and 
diastolic hypertension, which may have been a pentobarbital effect, as in 
canines. The marked difference in aortic and left ventricular systolic 
pressures in animal 8 are in part related to considerable respiratory variations 
in the left ventricular recording. 

Table 2 gives further hemodynamic data including several of the 
conventional indices of myocardial function. The rather low values for the 
cardiac index and other indices employing the body surface area as a 
denominator probably reflect the high surface to volume ratio of Macaca 
mulatta related to its long, narrow extremities. Cardiac index was success¬ 
fully determined on four animals by the Pick oxygen method and gave a mean 
value of 2.5 liters per minute per square meter with a standard deviation of 
0.3. The small number of measurements is the only apparent explanation for 
the disparity with the dye-dilution method. 
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Table 3 contains the mean values for minute respiratory volume, oxygen 
consumption, hemoglobin, hematocrit, blood oxygen analyses, and rectal 
temperature. The mean minute volume index of 3,860 ml per minute per square 
meter agreed with the work of Guyton (ref 5), who studied a group of smaller 
unanesthetized rhesus monkeys. He derived a value of 3,800 ml per minute 
per square meter. The mild arterial oxygen unsaturation is attributed to the 
respiratory depressant effect of pentobarbital. 

TABLE 3 
RESPIRATORY AND BLOOD 

Number of 
Determination Measurements 

Minute Volume Index 6 

Oxygen Consumption Index U 

Hemoglobin 5 

Hematocrit 5 

Arterial Oxygen Capacity 5 

Arterial Oyygen Content 5 

Arterial Oxygen Saturation 5 

Pulmonary Arterial Oxygen Content 5 

Pulmonary Arterial Oxygen Saturation 5 

Rectal Temperature 7 

Mean Values 

3,860 ml/mir/M2 (STPD) 

94.2 ml 02/min/M2 (STPD) 

12.7 r % 

41¾ 

18.5 vol % 

16.2 vol % 

87.8¾ 

11.9 vol ¾ 

64.7¾ 

37.4°C 

Ran^e 

2,860 - 4,960 

78.8 - 104 

11.2 - 14.6 

38 - 45 

16.0 - 21.3 

14.1 - 18.1 

85.1 - 92.9¾ 

10.8 - 13.9 

54.5 - 70.5¾ 

36.6 - 37.7 
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