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ypertensive heart dis- 
ease, coronary heart 
disease, and rheumatic 
heart disease are public 
health concerns 
throughout the world. 

The incidence of coronary heart disease 
is increasing in many populations while 
decreasing in others. 

Culture determines the prevalence of 
individuals with elevated blood lipids 
and the total outcome of risk, frequency, 
and potential for prevention of coronary 
heart disease. A diet composed of sigruf- 
icant fatty acids, cholesterol, vegetable 
protein, complex carbohydrates, caloric 
excess, and high salt intake leads to a 
marked increase in risk of heart disease. 
Caloric excess can also influence health 
directly by metabolic maladaptions of 
obesity, hyperlipidemia, hyperinsdin- 
ism, and hyperuricemia. 

The following article reviews the 
anatomical structure of the cardiovascu- 
lar system, with an emphasis on the 
pathophysiology of heart disease. The 
central surgical procedure of open heart 
surgery, used to repair damage caused 
by the cardiovascular disease process, is 
described. 

Epidemiology of Heart Disease 
Atherosclerosis is four times more fre-
quent in males than in females. The 
basic lesion of plaque is often localized 
in the first five centimeters of the origin 
of the coronary artery from the aorta. A 
common pattern of occlusion is seen in 
the proximal anterior descending with 
the distal part of the artery remaining 
50%open. The right coronary artery is 
frequently occluded with the posterior 
descending and left atrial ventricular 
groove branches remaining patent while 
the circumflex is often involved proxi- 
mally and has patency with one or more 
distal branches. 

The risk of sudden death will vary 
with the extent of disease present along 

with the degree of impairment of ven- 
tricular function. Death will probably 
result from ventricular fibrillation. 

The most common complication of 
coronary disease is myocardial infarc- 
tion. In the United States, 3 million peo- 
ple will have an infarction with most 
deaths occurring within 30 to 60 min-
utes after the onset of symptoms. 

Pathophysiology of Coronary Artery 
Disease 
Coronary artery disease (CAD) is 
responsible for nearly 50%of all deaths 
and one third of all deaths to people 
between the ages of 35 and 65 in the 
United States. 

Patients afflicted with coronary heart 
disease or ischemic heart disease suffer 
from pump failure (decline in contractile 
function). Coronary heart disease can be 
categorized as either modifiable and 
non-modifiable. Risk factors associated 
with modifiable coronary heart disease 
include hypertension, hyperlipidemia, 
smoking, diabetes mellitus type 11, obe-
sity, alcohol consumption (heavy), 
sedentary lifestyle, hormone therapy, 
and psychosocial factors. Risk factors 
for coronary heart disease that are non- 
modifiable include race, genetics, age, 
male sex, and diabetes mellitus type II. 

The initial loss of functional myocar- 
dial tissue places an abnormal burden 
on the remaining regions of the left ven- 
tricle, thereby causing an overload that 
may or may not be tolerated over time 
with little normal myocardium remain- 
ing. In some patients, heart disease 
leads to acute or chronic heart failure. In 
patients with enough myocardial loss, 
severe impairment of the cardiac pump 
may result. The chronic heart failure 
that results from ischemic heart disease 
can be attributed to the death of large 
numbers of myocardial cells that were 
deprived of their blood supply. The 
rapid decline in myocardial contractility 
that occurs after coronary arterial occlu- 

sion is secondary to the lack of a sub- 
strate supplied by the coronary circula- 
tion and the accumulation of metabo- 
lites of cellular respiration. 

The substrate whose absence is felt 
most promptly by the ischemic 
myocardium is oxygen. This state of 
myocardial anoxia develops because the 
heart has virtually no oxygen stores. 
The theory that oxygen is a critical sub- 
strate, the lack of which may be respon- 
sible for the early pump failure of the 
ischemic heart, is supported by the find- 
ing that anoxia and ischemia cause a 
precipitous decline in cardiac contractile 
function. 

Rheumatic heart disease has been an 
important cause of valvular heart dis-
ease. In the past, rheumatic endocarditis 
occurring during rheumatic fever was 
responsible for a vast majority of cases 
of mitral valve disease and about half of 
the cases of aortic valvular disease. This 
has changed, due to improvements in 
housing and widespread use of peni- 
cillin to treat tonsillitis and reduce the 
incidence of recurrences of rheumatic 
fever. 

Increased longevity, antibiotic treat- 
ment of infective endocarditis and other 
infections, and increased survival of 
patients with congenital heart lesions 
have also contributed to the change in 
the types of valvular disease encoun- 
tered. 

Congenital, degenerative, and non- 
rheumatic infective causes are observed 
more frequently as rheumatic valve dis- 
ease becomes rarer in the United States. 

Anatomy of the Heart 
The cardiovascular system is the first 
system to function in the embryo; arcu- 
lation begins at the end of the third 
week. The development of cardiac mus- 
cle begins at the endocardia1 heart tube. 
The basic cardia myoblasts differentiate 
to form the myocardium, or heart mus- 
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cle. Growth .of the cardiac muscle fibers 
results from the formulation of new 
myofilaments. During this time, the 
intercalated disks are developed along 
with Purkinje's fibers, which later form 
the conducting system of the heart. 

The heart is lined on the inside by 
endocardium; the contractile walls of 
the chambers are formed from 
myocardium (Figws 1and 2). The 
heart is divided into four areas: the right 
atrium, the right ventricle, the left atri- 
um, and the left ventricle (Figures 1and 
2). 

The right atrium is separated from 
the left atrium by the interatrial septum 
(seeFigure 1).The right atrium receives 
blood high in carbon dioxide 0202) 
from the superior and inferior vena 
cava, the major veins of blood returning 
to the heart (Figure3). The blood is then 
pushed past the threeleafed tricuspid 
valve to the right ventricle (see Figure 
1). From there, the COZ saturated blood 
is pushed through the puimonic, or 
semilunar, valve to the pulmonary 
artery and then to the right and left 
lungs for oxygenation (see Figures 1and 
3). The pressure in the right ventricle is 
suited for the low resistance of the lungs 
(see Figure 3). If the resistance in the 
lungs is increased, the right ventricle 
will increase in size, most likely due to 
systemic venous congestion with associ- 
ated peripheral edema. 

The red blood cells that have been 
oxygenated by the lungs enter the left 
atrium by way of the four pulmonary 
veins (see Figure 3). The left atrium is 
slightly larger than the right atrium 
because of the pressure created by the 
thick left ventricular wall (see Figures 1 
and 3). From the left atrium the blood 
passes through the two leafed (bicuspid) 
mitral valves into the left ventricle, 
which has the most m d a r  walls of 
the four heart chambers (see Figure 1). 
The blood is then pushed from the left 
ventricle as a result of ventricular 
myocardial contraction, through the aor- 
tic (semilunar) valve to the rest of the 
body (see Figures 1,2 and 3). 

The conducting system of the heart 
consists of specialized muscle cells 
known as the sinoatrial node (SA node) 
and the atrioventricular node (A-V 
node) that pass to the atrioventricular 
bundle to the subendocardial plexus of 
Purkinje's fibers. The SA node is locat- 
ed in the right atrium near the superior 
vena cava. This specialized area has two 
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yes of cells: P cells and T cells. The S 
.node has an intrinsic firing rate of 90 
120 beats per minute with an approxi- 

late normal rate of 70 beats per minute. 
xtreme cold will decrease the heart 
rte, while elevated heat will increase 
le heart rate. Other factors that control 
ring rate are ions, especially calcium 
nd potassium. Extreme overload or 
efiaency will cause abnormal heart 
rtes to occur. 

As blood leaves the aorta, it travels to 
~bstantialbranches of vessels-carotid, 
iac, and axillary-which are composed 
f large amounts of elastin and some 
moth muscle (see Figure 3). This caus- 
ithe arteries to become distensible, 
rhich means that as blood volume 
rcreases through them during exercise, 
ley are able to accommodate the 
langes in pressure. On the other hand, 
eins are much thinner than arteries and 
re able to perform with less resistance 
f flow, creating a much higher velocity 
lanis found in the arteries (see Figure 
1. 
With the contractile fibers of the 

lyocardium (heart muscle), the heart 
ropels blood throughout the body to 
eliver nutrients to and remove wastes 
om the organ systems. Another func- 
on is to transport hormones that regu-

Aortic valve (semilunar) 

Pulmonary valve (semilunar) 

late and interrelate with various systems 
and regions of the body (see Figure 3). 

Heart muscle (myocardium) is more 
complex than skeletal and smooth mus- 
cles, with different contractile proper- 
ties. The muscle fibers are stimulated 
via motor neurons from the central ner- 
vous system (Figure 4). Within these 
myocardial fibers are specialized cells 
called intercalated disks. These disks are 
low-resistance pathways between cells 
that initiate an action potential, which is 
then propagated simultaneously to all 
regions of the myocardium by inter- 
nodal tracts (bundles of specialized 
cells) that connect the S A  node and A-V 
node. 

The contraction of the myocardium 
starts at the sarcolemma and T-tubes 
that have received an action potential 
that depolarizes them. This causes 
release of calaum from the sarcoplasrnic 
reticulum. The calcium binds with other 
molecules (troponin) and forms cross- 
bridges between the myosin and actin 
filaments. If there is an increase in cala- 
urn during the ation potential, a more 
vigorous contraction will occur. The 
types of heart rates that will develop are 
normal cardiac rhythm at 60 to 80 beats 
per minute, bradycardia at less than 50 
beats per minute, or tachycardia at more 

Chordae tendineae 

L:igure1.Anatomy of the heart (anterior view). 
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Figure 2. Anatomy of the heart (posterior view). 
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plications such as thickening of the 
walls of the arteries and arterioles in the 
kidney which in turn leads to increased 
hypertension. 

Essential hypertension is believed to 
be caused by a combination of genetic 
and environmental factors. There is an 
increased prevalence of hypertension 
among blacks with higher occurrences 
within hypertensive families. In the 
United States, behavior patterns, stress, 
obesity, and use of oral contraceptives 
are common conditions under which 
hypertension develops. Dietary sodium 
also has a relationship to the occurrence 
of essential hypertension. Americans 
consume eight or more grams of sodium 
every day, which correlates to an 8%to 
25%incidence of hypertension. 

Hypertension causes a number of 
serious disorders. The presence of 
increased blood volume in the left ven- 
tricle that creates elevated pressure for 
long periods of time can lead to an 
enlarged ventricular muscle (hypertro- 
phy) and thus an enlarged heart. There 
is increased inadence of arteriosclerosis 
with myocardial infarcts (heart attacks) 
with hypertension, even when hypertro- 
phy is not present. Hypertensive indi- 
viduals are also predisposed to throm- 
boses of cerebral vessels that lead to 
cerebral hemorrhage (stroke). 

Obesity 
Obesity is an excessive amount of body 
fat with a body weight of more than 
20% of the standard weight for the 
height and frame of an individual. The 
excess lipid deposit occurs because ener- 
gy intake exceeds energy output. 
Obesity tends to run in families. The 
children of obese individuals are some-
times even more overweight than their 
parents. 

Eating disorder is the most common 
cause of obesity in humans. Obesity is 
mild at 20% to 40% over ideal weight, 
moderate at 41% to 100% over ideal 
weight, and severe when above 100% 
over ideal weight. It is believed that the 
body weight of many people, including 
the obese, is subject to physiologic regu- 
lation, and that elevation of the regula- 
tory level, or set point, is responsible for 
obesity. In individuals with marked obe- 
sity, there is often a serious disintegra- 
tion of the intake regulating mechanism. 

In women, social factors are often 
determinants of obesity. Obesity occurs 
six times more frequently in lower class- 

than 100 beats per minute. An increase 
in heart rate will cause a decrease in 
arterial blood volume and will raise 
arterial pressure. Maximum heart rates 
can be determined by an individual's 
age, using the following formula: 210 -
(0.65x age in years). The body's cardio- 
vascular system requires maintaining a 
heart rate of 60% to 70% of the maxi- 
mum heart rate for 20 to 30 minutes at 
least 5 days per week and for greater 
than 4 months to receive maximum 
health benefits. 

The maintenance of blood volume is 
regulated by the kidneys, nerves, and 
hormones (Figure 5).The kidneys 
receive a hormone called antidiuretic 
hormone (ADH) that detects increased 
volume in blood fluid levels or osmolal- 
ity. ADH causes increased reabsorption 
of water from the kidneys along with 
water retention and dilution of solutes. 
The kidney also has the renin- 
angiotensin-aldosterone system that will 
control body electrolytes. A decrease in 
pressure causes a release in renin, which 
then converts angiotensin I to 
angiotensin II and causes the vessels to 
constrict, thus increasing blood pressure 
to normal. 

Hypertension 
Changes in the levels of blood pressure 

throughout the body, especially in the 
kidney, play a role in certain causative 
forms of hypertension. The definition oi 
hypertension is a diastolic (lower) pres- 
sure above 90 nun Hg and a systolic 
(upper) pressure greater than 140 mm 
Hg. Elevations in systolic pressure are 
generally thought to be less signhcant 
than elevations in diastolic pressure. 

Ninety percent of all hypertension is 
of uncertain origin and is labeled 
primary, or essential, hypertension. The 
remaining 10% is called secondary 
hypertension because it is associated 
with a variety of renal, endocrine, neu- 
rologic, or vascular disorders. 

Primary, or essential, hypertension is 
present in about 5% of the adult popula 
tion of the United States. Females are 
affected more frequently than males, 
usually within their fourth or fifth 
decade of life. The disease incidence 
increases with age with as much as 50% 
of the population over age 50 suffering 
from primary hypertension. This type o 
hypertension may eventually lead to 
cardiovascular and cerebrovascular dis- 
orders, but the development of these 
complications is a function of the severi 
ty of the blood pressure elevations (see 
Figure 5). Milder forms of this disease 
are called benign hypertension, which 
can lead to atherosclerosis and its com- 
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.-Capillaries betes is three times higher in overweight 
persons versus non-overweight persons. 

Veins from superior part of bod arteries to.superior part of body In the United States, 85%of those with 
NIDDM are obese. 

Hypertension, a blood pressure of 

t greater than 160/95 mm Hg,is three 
times more common in overweight indi- 

Pulmonary vein viduals than those who maintain nor- 
mal weight. Associated cardiovascular 
disease is seen in the obese, which leads 

JLeft atrium to increased blood volume, stroke vol- 
ume, and filling pressure, all of which 
result in high cardiac output. This can 
induce left ventricular hypertrophy 
(enlarged left ventricle) and increase the 
risk of congestive heart failure. 

There is a marginal correlation 
between high cholesterol and obesity. 
Hypertriglyceridemia is also more com- 

of body *& 
mon in obese individuals becaw of 

trad insulin resistance and hyperinsulinism. 
This is a precursor to increased.hepatic 
triglyceride production. This increased 
triglyceride prodution can sometimes

s i n s  from inferior ;art c be controlled and decreased through 
c ~ r t e r i e sto inferior part of body weight loss, but if it is genetic, more 

intensive therapy is required. 
Obesity can lead to chronic hypoxia 

Figure 3. Pulmonary and systemic circulatory system. with cyanosis and hypercapnia. These 
people have an increased demand for 

es than in upper classes. Ethnic and reli- waist; in a woman, fat is distributed pre ventilation and suffer from breathing 
gious factors are also closely linked to dominantly in the lower body. (Thisdis- overload. This can lead to the ineffiaen- 

obesity, partly due to differences in tribution is influenced by the presence cy of respiratory muscles. Severely 
dietary and exercise roles. of testosterone and estrogen hormones obese individuals often have varicose 

Hormonal factors, as seen in hypera- and may act differently on upper and veins and venous stasis, which may be a 
drenocorticism where corticosteroid lower fat cells.) Excessive body fat in tht forerunner of thrombophlebitis and 
excess leads to an increase in gluconeo- upper body inaeases morbidity and thromboembolism associated with pul-
genesis and a greater demand for mortality rates more than when excess monary embolism of the lungs. 
insulin leading to an increase in lipogen- fat is distributed in the lower body. Endometrial cancer and breast cancer 
esis, are also elements that must be Increased distribution of fat in the are two times more common in obese 
taken into consideration in obesity. abdominal region can lead to increased women. These women have a higher 
Certainmetabolic abnormalities may risk of hypertension, cardiovascular dis- incidence of cancer of the gallbladder 
occur in the hypothalamus of the brain, ease, and diabetes mellitus. The risk of and biliary system as well. Obese men 
causing an increased levei of fullness in these conditions is therefore greater in have a higher mortality from cancer of 
the satiety center and leading to meta- men than in women. the colon, rectum, and prostate for rea- 
bolic obesity. Hormonal mechanism can control the sons that are yet unknown. With 

Fat cells create a reservoir of energy deposit of fat in the human body. increased obesity, individuals carry 
that expands or contracts according to Insulin promotes the deposit of intracel- greater risk for complications and mor- 
the energy balance of the organism. lular triglycerides by stimulating the tality from abdominal surgeries. A 
They develop from preadipocytes to conversion of glucose to fatty acids and prevalent increase in gallstones is noted 
take on excess calories. With continuing glyceride to glycerol by maintaining imong obese people, and many of these 
increase in energy balance, new adipose tissue lipoprotein lipase levels ndividuals have fatty livers and abnor- 
adipocytes form from precursor cells, and inhibiting intracellular lipolysis. nal liver function tests. 
and the total cell number increases. Estrogens operate at the level of the Arthritis is commonly seen in severe- 
Throughout weight loss, fat cell num- adipocyte and cause development of y obese men and women due to excess 
bers remain fixed. Free fatty acids can subcutaneous adipose tissue. ;tress placed on the joints, particularly 
enter the adipocytes and can again be Physical problems may be associated n the lower extremities and lower back. 
esterified to triglycerides and stored. with obesity as seen in diabetes melli- Overall, obesity is associated with 

Fat is distributed differently in men tus. Some obese individuals may devel- ncreased mortality with causes listed as 
and women. In a man, fat is distributed op non-insdindependent diabetes mel- ncreased coronary heart disease, cere- 
mostly in the upper body above the litus (NIDDM). The prevalence of dia- xal hemorrhage (stroke), diabetes, 



digestive disease, and cancer. 

Surgical Procedure 

Patient Positioning and Preparation 
After preinduction of anesthesia has 
been completed, intravenous infusions 
and cutdowns are perfomed as moni-
toring leads are prepared and secured in 
place. 

Following intubation, a venous pres- 
sure catheter may be inserted into the 
external jugular vein through a percuta- 
neous needle cannula. The radial or 
femoral artery may be cannulated in the 
same manner before the patient is posi-
tioned for the selected approach. A large 
surface electrocoagulation-indifferent 
plate is placed under the patient's but- 
tocks or back after conductive gel has 
been applied, and an indwelling ure-
thral catheter is connected to a recepta- 
cle. Special attention is given to pressure 
areas with protective padding used as 
indicated. Routine skin preparation and 
draping of the patient is completed. 

Incisional Approaches 
The heart is approached by a right or 
left posterolateral thoracotomy, a medi- 
an sternotomy, a transsternal bilateral 
thoracotomy, or an anterolateral thora- 
cotomy. The age of the patient, the 
pathological defect, the proposed correc-
tion, and the surgeon's preference are all 
taken into consideration before selecting 
the type of incision. 

There are also many considerations 
in cannulation for the arterial return. 
The aortic, subclavian, iliac, or femoral 
arteries may be used. 

A posterblateral thoracotomy incision 
is made with the incision following the 
course of the right or left rib. Access to 
both groin regions can be permitted 
with a modified full lateral position The 
fifth rib is resected and a Burford- 
Finochietto rib spreader is inserted. The 
pleura is incised and the lung is retract-
ed with a moist pack to expose the peri- 
cardium. 

A median sternotomy incision is 
made over the sternum with a "Y" or 
"T" extension at the top with an exten- 
sion down over the xiphoid process. 
Bleeding points are clamped and elec- 
trocoagulated or tied. The incision is 
continued down to the periosteum so 
the superior subcutaneous flap can be 
reflected upward to expose the 
suprasternal notch. The sternum is split 

SYMPATHETIC 
(tharacalumbar) 

Figure 4. Autonomic nervous system. 

longitudinally with a Stryker or Sarns 
sternal electric saw or a Lebsche knife. 
Bleeding from the periosteum is con-
trolled with bone wax and eledrocoagu- 
lation. The pericardium is exposed by 
placement of a sternal retractor and dis- 
section and transfixion of the thymus 
gland. 

A transsternal bilateral thoracotomy 
incision is a bilateral inframammary 
incision made at the level of the fourth 
interspace and continued laterally on 
either side to the midaxillary line. After 
division of the greater pectoral muscles, 
the internal mammary arteries are ligat- 
ed and transfixed. The sternum is tran-
sected horizontally with a guillotine- 
type rib cutter or Gigli saw. Bleeding is 
controlled with usual measures. Two 
chest retractors are placed in the wound 
to expose the pericardium. 

The patient is placed in the supine 
position with the thorax elevated 
approximately thirty degrees to provide 

PARASYMPATHmC(craniosacral) 

optimal exposure for an anterolateral 
thoracotomy incision. The arm is flexed 
slightly to permit access to the lateral 
aspect of the incision. An inframamma-
ry incision is made from the anterior 
midline or the sternal border to the lat- 
eral midaxihy line. Internal mammary 
vessels are doubly ligated as the mus- 
cles are divided. The fourth rib may be 
resected before incision of the pleura. A 
chest retractor is placed to expose the 
pericardium. 

Extracorporeal Circulation 

Pericardial Incision and Caval 
Cannulation 
A long pericardial incision is made with 
the pericardial edges sutured to the 
chest wall or drapes. 

The aorta is encircled with an umbili- 
cal tape with Rochester-Pean forceps 
placed on each end of the tape. This 
maneuver will facilitate cross-clamping 
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Figure 5. Complete overview of autonomic nervous system showing tissue innerva- 
tion. 

of the aorta when indicated. 
Each cava is encircled with 1/2-in. 

cotton tapef the loose ends being thread- 
ed through a 1/&in. x 2-in. red rubber 
tubing and held taut by a hemostat. 
Compression of the cava may be accom- 
plished by tightening the tapes and 
resetting the hemostat. The pulmonary 
artery may be similarly isolated if neces-
sary.


Plastic catheters are used to cannu- 
late the inferior and superior venae 
cavae to facilitate the return to the 
pumpoxygenator.An incision is usually 
made in the atrial appendage for the 
inferior caval cannula with a transverse 
incision through the atrial wall being 
made for the superior cava. Purse-string 
sutures No. 2-0 are used.Each incision 
is made over a Satinsky clamp. Edges 
may be retracted with Sarot clamps to 
expedite catheter introduction. The 
suture is secured. The catheter is permit- 
ted to partially fill with blood before the 
occluding damp is applied. 

Groin Incisions Ad Arterial 
Cannulation 
A second team may be simultaneously 
preparing for the arterial return. A vertj 
cal incision is made in the femoral trim 
gle to expose the femoral artery. Narro* 
umbilical compression tapes are passed 
around the vessel above and below the 
proposed arteriotomy. Two bulldog 
clamps may be applied to the vessel. A 
plastic catheter is inserted into the 
artery through a vertical incision while 
the proximal bulldog clamp is released. 
When normal arterial blood flow has 
filled the catheter, Carmalt forceps are 
used to damp it. 

Pump-Oxygenator Preparation 
The pump team tests and completes 
assembly of equipment while the surgi. 
cal team prepares the cannulations for 
connection to the pumpoxygenator. 

At the operative field, the tubing is 
passed to the pump operator after the 
proximal ends have been secured to tht 

drapes and the two coronary suction 
lines. Depending upon the procedure, 
the following equipment will also be 
passed: vent line, carbon dioxide tubin 
and fibrillation cord end. 

After lines are connected to the 
pumpoxygenator, blood is pumped 
through the line to displace air in the 
tubing. A small basin is used to accom- 
modate the overflow. Extreme caution is 
exercised to prevent air embolism as the 
arterial and caval comecti011~ are com-
pleted. A coronary suction catheter is 
used to return blood to the oxygenator. 

A signal is given to turn on the 
machine after all connectionsare prop 
erly secured and the pump-oxygenator 
is ready. The tapes around the cavae are 
tightened after the flow is in balance. 
The patient is then on total cardiopul- 
monary bypass, and the perfusion rate 
is adjusted as the operation prqceeds. 

A 

Repair of Reconstruction 
A variety of considerations are made 
before surgery is scheduled. Intracardiac 
patches, prostheses, and sutures are pre- 
pard for specific corrections. Sterile DC 
defibrillationelectrodes are kept readily 
available throughout the procedure. 
Elective cardiac arrest may be induced 
during the repair to obtain a dry, 
motionless field to improve visualiza-
tion. 

One of the following methods can be 
used to induce cardiac arrest: 

1.Electrical fibrillation may be 
accomplished by continuous electrical 
stimulation of the alternating current. 
An alligator clip electrode is attached to 
the ventricular myocardium with an 
indifferent electrode attached to the sub-
cutaneoustissue using a similar clip. 

2. Cross-clamping the aorta to pre- 
vent oxygenation of the myocardium for 
5-minute intervals will create anoxic 
arrest. Ten-minute intervals may be 
used if hypothermal temperature is near 
28°C. Normal rhythm usually returns 
without complications. 

3. Hypothermic arrest is achieved by 
selective hypothermic coronary perfu- 
sion or instillation of partially frozen 
isotonic saline "slush" into the pericar- 
dial sac for external bathing of the 
myocardium. 

It may become necessary to reestab- 
lish normal rhythm. S ice  it appears to 
be more effective and less likely to 
i n w  the myocardium, the DC defibril-
lator is usually requested. 
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1.Sterile electrodes are used to com- 
plete connections to machine. 

2. Pulse duration is set at 0.1 to 0.15 
seconds. 

3. Voltage is set at a low 10 to a high 
60 wattseconds. 

4. If cloth is used to cover the elec- 
trodes, it is moistened with saline solu- 
tion. 
5.Electrodes are applied diredly to 

the myocardium, perpendicular to the 
heart's septum. 

6. Team members should stand clear 
of the patient as the surgeon squeezes 
the heart firmly between the electrodes 

. and signals for the shock. 

Closure of Myocardium 
After the correction is completed, the 
chambers of the heart are closed using 
continuous synthetic cardiac sutures. In 
order to evacuate the air before the final 
sutures are tied, filling of the chamber is 
begun before the closure is completed. 
Compression tapes around the cavae are 
released, thereby reducing venous flow. 
Arterial flow is reduced to equal venous 
outflow. Systemic arterial blood pres- 
sure is stabilized when the heart action 
is sufficient. Venous suction is further 
reduced until the patient is taken off 
bypass. 

The pursestring sutures are pulled 
tight, as the cannulation catheters are 
removed. Additional sutures may be 
required. Protarnine sulfate is adminis-
tered. The pericardium is usually left 
open and may be loosely approximated 
with interrupted sutures. 

Catheters may be inserted into the 
pericardium, the anterior mediastinum, 
and pleurae and attached to an under- 
water suction device using "Y" connec-
tors to accommodate drainage. 

Closure of Chest 

Postemlateral and Antemlateral 
Thoracotomy 
Two rib approximators and interrupted 
pericostal sutures of chromic gut No. 2 
are used to approximate the ribs. The 
approximators are removed after the 
sutures are tied in place. Muscle closure 
is accomplished with continuous 
chromic sutures No. 1swaged to gener- 
al closure needles throughout the mus- 
cle. Chromic sutures No. 2-0 are utilized 
for subcutaneous tissue with running or 
interrupted nylon or silk sutures No. 4-0 
used for skin closure. 

Median Sternotomy 
Number 22 wire sutures are placed in 
corresponding punched or drilled holes 
on each side of the sternum. They are 
twisted, cut, and buried into the ster- 
num. A layer of interrupted synthetic 
sutures No. 2-0 is placed to approxi- 
mately the linea alba and muscle over 
the sternum. Subcutaneous tissue is 
closed with chromic gut suture No. 3-0 
with running or interrupted synthetic or 
silk suture No. 4-0 being used for skin 
closure. 

Transsternal Thoracotomy 
Number 22 steel wire suturesare placed 
in corresponding holes punched or 
drilled on each side of the transected 
sternum. The remaining closure proce- 
dures parallel the posterolateral thoraco- 
tomy. 

Closure of Groin Incisions 
Femoral catheters are removed and each 
arteriotomy is closed with No. 5-0 or 6-0 
cardiac silk sutures. Remove compres- 
sion tapes and bulldog clamps. Wounds 
are closed with interrupted silk or con- 
tinuous chromic sutures No. 3-0with 
dressings applied to all wounds. 

Final calculations of blood loss and 
blood replacement are determined and 
any imbalance is corrected before the 
patient is moved to the recovery unit. 
Monitoring is continued for blood loss 
through the drainage tubes, arterial and 
venous blood pressure, temperature, 
and continuous electrocardiographic 
observations. A chest film is usually 
obtained in the recovery room. 

Complications 
Possible complications of open heart 
surgery include cardiogenic shock, 
which results from the failure of the 
heart to pump. Intraoperative precau- 
tions can help prevent this potentially 
deadly complication. Other life-threat- 
ening complications include cardiac 
tamponade and infection to the cardiac 
suture line. Cardiac surgery requires 
viglant attention to aseptic technique to 
prevent a fatal infection. Other, less seri- 
ous, complications frequently noted in 
the immediate postoperative period are 
sinus bradycardias and supraventricular 
and ventricular tachycardia. A 
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