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M (A) Atrial fibrillation iflustrating absence of distinet  waves togethey with iregular ventricular
rale, usually 140 10 160 beats per minute, (B) Ventricular fibrillation illustrating sxtremely abnormal chaaotic

cardiac rhythm without any evidence of synchronized electrical impulses
G 1B and Holtz, N, E. 2003. Introduction to 12-Lead ECG. Boston: Jones and Bartlett Publishers,

Heart Disease: An Introduction

Heart disease can result from congenital (and sometimes inherited) defects in the
gructure of the heart or in the contractile apparatus of cardiac myocytes. Infectious
agents may damage heart valves and myocytes. Atherosclerotic disease of the coro-
nary arteries will lead to compromised blood supply to the heart, termed coronary
ischemia. If severe, such ischemia will result in cardiac myocyte necrosis, an event
that defines a myocardial infarct (heart attack) with sequelae that may result in
sudden cardiac death or some degree of chronic heart disease and failure. Systemic
hypertension (excessive systemic blood pressure) will cause the heart to compensate
by undergoing left ventricular hypertrephy. Ultimately the heart may not be able to
compensate for the extra workioad and fails.

Congenital Hea:t @
CARDIAC DEVELOP#4E4" -+ 4% vATAL BLOOD FLOW/

The heart undergoes a complex evelopmental sequence. It is formed frorm = rube that
undergoes segmental dilatations and constrictions along with considerabic growth
and change in configuration. Eventually the individual chambers, valves, and large
arteries develop, culminating in the final structural characteristics of a normal fully
developed heart.

~ Asthe heart is developing, the blood flow through the fetal heart differs from
its final postdelivery flow pattern. Much of the blood flow in the pulmonary artery
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Ductus arteriosus A fetal
artery connecting the
pulmonary artery with the
aorta that permits pressure
determined blood flow
from pulmonary artery into
the aorta, bypassing blood
flow to the nonfunctional
fetal lungs.

Foramen ovale An
opening in the atrial
septum covered by a one-
way flap valve regulated
by pressure differences
between the atria,
permitting blood flow from
right to left atrium but not
in the opposite direction,
thereby bypassing

blood flow from right
cardiac chambers to the
nonfunctional fetal lungs.

CHAPIEK 1)

Ine Laraiovdsculal oyswein

is diverted away from the lungs, which are nonfunctional in the fo
instead to supply other fetal tissues. One bypass, calleFl the ductus ay
communication connecting the pulmonary artery Wlth the aorta

of the blood pumped into the pulmonary artery directly into the aortg Unt, Mgy
the infant is born and begins to breathe air, the lungs expand an( the d 500,
riosus constricts, blocking blood flow. Consequently, PUlmonary arter liftus aft;
then flow only into the newly expanded lungs; the nonfunctional dUCtu}; log "
becomes converted into a fibrous cord called the ligamentum arteriosyy, ?’entually
bypass is an opening in the atrial septum called the foramen ovale, which ¢ Other
blood flow between the two atria as the atrial septum is developing, Bloorga!mains
derived from maternal circulation via the umbilical vein and hence ¢y N payy
flow across the foramen ovale is controlled by a flap of atrial tissue on thgl efn~rich)
side of the septum that covers (overlaps) the opening in the foramen Ova[: tlatrial
position, the flap functions as a one-way valve that allows blood to floy, ¢ N thig
right atrium into the left atrium but does not allow flow in the opposite diom _the
(FIGURE 11-9). The right-to-left flow is determined by pressure differences b:::cnon
the two chambers. In the fetus, the blood pressure is higher in the right atriumwﬁen
in the left atrium because only a relatively small volume of blood flows thq, }: an
lungs and is returned to the left atrium. Most is directed into the aorta thr0u§h :ﬁe
ductus arteriosus. After birth, the left atrial pressure rises when the lungs eXpande
allowing a large volume of blood to flow through the lungs and into the left atriyy,
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- her left atrial pressure presses the flap va|ye against the left atrial surface of
he B 1. closing the communication between the atria. Usually, the tissue flap fuses
ilu”‘cptl"’\r’rial septum to form a solid partition between the two atria. Sometimes,
with the ¢ is incomplete but no flow of blood from right to left atria is possible as
he fusl(t"':c left atrial pressure exceeds the pressure in
as

the right atrium, which holds
Jor flap against the atrial septum,
the 1

THOGENESIS AND MANIFESTATIONS

OF CONGENITAL
SEASE

EART D!

H p normally. Partitions between cardi
Some

s may be malformed
m(glewi“g the heart may not communicate normg|
and 1t

rricle. Some viral infections, such as rubella (
ven 2

lnesses during the early phases of feta] developmcnt, may cause improper develop-
|

ent of the heart as well as other organs. Some drugs o medications taken by the
moth er may disrupt normal fetal development. Some chromosomal abnormalities,
o chas Down syndrome, also are frequently associ

su

ciated with abnormal cardiac devel-

ment. Genetic factors may account for some i
oeI:3 son for a congenital abnormality cannot be
I The effect of a structural abnormality depe
effect on the circulation of blood. Most peopl
have a heart murmur caused by turbulent flo

ac chambers
s or the large vessels entering
ly with the appropriate atrium or
German measles) or other maternal

e with congenital heart abnormalities

w of blood within the heart, related to

eart abnormalities result from abnormal
communications between the systemic and p i

left cardiac chambers (
culation) into right cardiac chambers (

pulmonary circulation)
mixes oxygenated blood from the loft cardiac chambers wigh
in the right chambers, bur the ;-

deoxygenated blood
mwure does not affect the Oxygen content of the
blood delivered to the tissies by the |

¢ Jeit ventricle. The amount of blood shunted
depends on the size of the s ptal detect. A small defect shunts very little blood and
has no significant effect on o, ~vascular function, However, a large septal defect
anshunta large volume of bl | 7tach puts an additional burden on the right ven-
tricle, which is overfilled by the shunted blood. The larger volu

into the lungs raises the pulmonary blood pressure, which eventually damages the
lungs by causing thickening and narrowing of the pulmonary blood vessels. As the
PUlmonary vascular damage progresses and the pulmonary artery pressure contin-

UeS to rise, the right ventricle has to work even harder to overcome the increasing

systemic cir-
- A left-to-right shunt
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me of blood pumped

re to rise, reducing the pressure difference
uently, the amount of blood shunted from
e or no blood shunting occurs when left and right atria]
if right atrial pressure exceeds left atrial pressure, blood
shum.s between the atria in the opposite direction resulting in deoxygenated blood
Zn:ie““g the circulation (a right-to-left shunt). This is termed Eisenmenger syndrome
4 hfls serious consequences,
o ight-to-Jef; shunts mix poorly oxygenated l?lood from
2 S with ormally oxygenated blood contained in the left
educes g

€ OXygen content of the blood pumped by the |

ctand right atria, Conseq
fight atrium g0 falls. Littl

the left to the
Pressureg €qualize, and

the right cardiac cham-
cardiac chambers, which
eft ventricle to supply the

Eisenmenger syndrome
Blood shunts between
the atria in the opposite
direction of normal,
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COMMON CARDIOVASCULAR ABNORMALITIES

The more common and important cardiovascullﬂefl::)On?]:)f;‘g]‘(;é‘;:il l' into f,
groups: failure of the normal fetal bypaSS](_Z 'antha~t obstruc’t o flln the fo,
of the atrial and ventral septae; abnorma ltllfesrmations ¥ Sake ow t
heart, pulmonary artery, or a0rtz; Ad 05 to the appropriate ve e 0,
artery or abnormal connection of the arterie tricleg. /

Patent Ductus Arteriosus

Normally the ductus closes spontaneogsly sTon afteielr),ltr;}:, Cl: l‘ul}l].ter
part due to falling levels ofprostaglandms.A ar%e pa > uls S unt
the aorta into the pulmonary artery and causes the sam{f hc inical manif
complications as an intracardiac left—to-rlg'ht s unt}.1 his is tffated
prostaglandin synthesis inhibitors (such as indomethacin) or, if nece
closure of the ductus.
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Atrial and Ventricular Septal Defects

Usually, an atrial septal defect results from dgfective Fievelopment of the
that divide the atria with the defect located in the rmd'dIe, Qf the septum the g
usually occupied by the foramen ovale. Sma'll defects in children often close spg.
taneously and are often asymptomatic as dlscu§sed aboYe. Larger defects shoug
be closed, which usually can be accomplished using a device mse.rted into the hear
through a peripheral vein. Sometimes an open surgical procedure is required to place
a patch over the defect.

A common type of atrial septal defect is a patent foramen ovale. The foramey
ovale normally becomes nonfunctional after birth, caused by the rapid postdelivery
changes in atrial pressures. The left atrial pressure rises when pulmonary blood flgy
increases after the ductus arteriosus closes. The higher left atrial pressure pushes i
flap valve of the foramen ovale against the atrial septum, where it usually fuses with
the septum. In newborn infants, the foramen ovale may remain patent and functiona|

Partitiqp,

if the infant has a congenital cardiac abnormality thar i= zssociated with a high right
atrial pressure, which forces right-to-left blood flow :rough the foramen ovale. I
about 25 percent of adults, the flap valve does not {1« -ompletely, but the foramen

ovale remains nonfunctional as long as the left atriz
the right atrial pressure.

Ventricular septal defects are also very commor | =URE 11-10). Many are less
than 3 mm in diameter and often close spontanicously, but larger defects require

surgical closure. Generally, all large septal defects need to be closed because of te
harmful effects of a large defect.

ressure remains higher than

Pulmonary or Aortic Valve Stenosis Caused by Semilunar Valve Maldevelopment
Abnormal development of the semilunar val

ve leaflets narrows the valve opening, which
can vary from 2 to 10 ml diameter.

o= The degree of obstruction depends on the diameter
of the orifice (FIGURE 11-11). Pulmonary stenosis obstructs outflow from the right e

triclg, a'nd aortic stenosis impedes outflow from the left ventricle. Treatment conss®
of dilating the valve opening by inserting a balloonlike device into the narrow open®
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valvular Heart Disease

umﬂ"ic valvular heart disease has markedly declined
l{hco o Condltlons that cause valve malfuncti()n h
it include various degenerative conditions of th

v ¢ 3 i 1o
.ICS ' ‘ll va]v(: hﬂt causesittop l:’.l])SC in '
“h’ Tt t to th(.
0

yalong with rheumatic fever,
ave assumed greater importance.
e agrtic valve and an abnormality
atrium during ventricular systole.

HEUMATIC FEVER AND RHEUMATIC HEART DISEASE

heumaticfever is a complication of infection by the group A beta hemolytic strep-

. the organism responsible for streptococcal
0c0CCUS? e ptococcal sore throa ;
108 ally, the affected individual has an acute arthriti Sl £ i i

clinic : . s affecting multiple joints
. 1+ why the disease is called « 4499 ; & ple )
which is Wiy rheumatic” fever) and evidence of inflammation
of the heart.

Rheumatic fevgr is not a bacterial infection but a type of hypersensitivity reac-
on induced by various antigens present in the streptococcus. This reaction de);elops
everal weeks_after the mltla}l streptococcal infection. Apparently, some individuals
form amjb_odles against antigens present in the streptococcus and the antistrepto-
coccal antibody cross-reacts with similar antigens in the indi’vidual’s own tiSSpUCS
The antigen—antibody reaction injures connective tissue and is responsible for the
febrile illness. Fortunately, rheumatic fever develops in only a sma;l)l proportion of
peop1€ with group A beta streptococcal infections. '

patients with acute rheumatic fever rarely die as a result of severe inflammation of
the heart and consequent acute heart failure; generally the fever and signs of inflam-
mation eventual'ly' subside although healing is often associated with sc%me degree of
«carring. In the joints and in many other tissues, scarring causes no difficultiges but
scarring of hgarr valves' may produce deformities that impair function. )

Rheumatic heart disease is caused by scarring of the heart valves subsequent
10 the healing of a rheumatic inflammation. This complication is relatively com-
mon and primarily affects the valves of the left side of the heart, the mitryal and
sortic valves (FIGURE 11-16). If the valve does not close properly, blood refluxes
back through it (called regurgitation). Frequently, the damaged val’ve also does not
open properly, and the valve orifice is narrowed. This is called a valve stenosis
Valve lesions impair cardiac function. When valvular stenosis is present, the heart
must exert more effort than ncrmal to force blood through the narrow,ed orifice
In regurgitation, a 'portior; of the ventricular output is not expelled normally and
leaks through the incompztert valve. This is a serious disadvantage because the

heart must repump the veiarre of regurgitated blood to deliver the same amount
of blood to the peripheral tizsuce,
When a person is seriouciy isabled by a rheumatic valvular deformity, it is pos-

mb!e' to excise the abnormal, scarred heart valve surgically and replace it with an
artificial valve (discussed later in this chapter).

NONRHEUMATIC AOKTIC STENOSIS

:ion'rheumatic aortic ste.nosis can be caused by aortic stenosis secondary to a bicuspid
ttic valve or by the aging of the valve. In about 2 percent of people, the aortic valve
b?csu?;i(zj rathe_r than the usual three cusps. This abnqrmality is_ called a congenital
e :lortnc valve: The valye functlons‘ satisfactorily for a time but is subjected
5 reSUItstr}c:ss during opening and closing 'because of its bicuspid configuration.
oy af’ the valve graduall)" becomes thlck.er'le'd and may eventually become
ter many years, leading to marked rigidity of the valve when a person

valvular Heart Disease
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coarctation is much higher than normal l)ccalusle thi:]ri,avf;gis to pump blogg 4

much higher pressure to c!cliver l)‘lood through t 1611; e VOIUer%]merflt of 2 a,pta
sibly leading to left ventricular dlsc?ase. The pLCISSL 0 elo bloog IOW?S"
into the aorta distal to the coarctation are ‘bot O}Ntzlr. _dan lno]jma ,and 3 ¢ atcng
circulation develops to bypass the obstruction. Anl in 'Ileduathth A Coarctaj, mfal
appear normal except for high blood pressure 1 entcll ied when measurip reSSuay
in the brachial arteries, but lower-than-normal bloo pressure in the arteries o [l:
lower extremities. Usually, the narrowed segment of aorta is rel;:mvely short 5 ;

be treated by resecting the constricting segment and reconnecting the aorta g, than
its caliber is normal throughout its entire length. at

The Tetralogy of Fallot and Transposition of the Great Arteries

Both of these conditions result from abnormal division of a single channe] ¢y
truncus arteriosus, which extends from the developing ventricles and wil] be
by a partition to form the aorta and the pulmonary artery. The partition takes , Spir|
course as it divides the truncus arteriosus, which is why the aorta and the pulmongy,
artery spiral around each other as they attach to their respective ventricles, The [w(y)
abnormalities caused by abnormal division of the truncus arteriosus are relatively
common, and both cause intermixing of deoxygenated blood with oxygenated bloog
which leads to marked cyanosis and related problems. :

The tetralogy of Fallot results if the septum that divides the truncus is misplageg

and divides unequally. This results in the four abnormalities that comprise the
tetralogy: a ventricular septal defect, pulmonary stenosis, an enlarged aorta thy
overrides the septal defect, and right ventricular hypertrophy that develops as 3
consequence of the pulmonary stenosis. In this condition, poorly oxygenated blood
in the right ventricle flows through the septal defect to mix with blood from the
left ventricle flowing into the aorta, which overrides e septal defect. Treatment
consists of enlarging the opening of the narrowed pulmonary artery and closing
the septal defect.

Transposition of the great arteries results if the sepriin that divides the truncus
arteriosus does not follow its normal spiral course wher: it divides the truncus into
the aorta and pulmonary artery. Consequently, the acr:a and pulmonary artery
develop parallel to each other. The aorta becomes locazed to the right of the pul
monary artery instead of behind and to the left of the pulmonary artery. The aorta
becomes connected to the right ventricle and the pulmonary artery attaches to the
left ventricle, which severely disrupts blood flow in both the pulmonary and systemic
circulations. Consequently, the body is supplied by poorly oxygenated blood thatis
continuously circulated in the systemic circulation and the flow of oxygenated blood
remains confined to the pulmonary circuit, where it serves no useful purpose. After
birth, the condition is not compatible with life unless there is a communication that
permits some intermixing of blood between the pulmonary and systemic circula-
tions such as a patent foramen ovale, atrial septal defect, or ventricular septal defect
(FIGURE 11-12). Generally, such communications do not provide enough oxygenat
blood to supply the infant’s needs. _

.The current treatment of this condition is called the arterial switch operation I
which tl_le aorta 1s_conne§ted to the left ventricle, and the pulmonary artery is attach® :
s he i vl s o ey o e s copone 2

TABLE 11-1 summayrizes th;1 y iiry S.uplp}ymg > o fotheloh Yemrldg'ovasc
malformations described in thi principal features of thg congenital cardi e

escribed 1n this section, which are also illustrated in FIGUR
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