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Introduction and Aim of The Work,

Introduction

Pregnancy makes a significant demand on the
cardiovascular system. Therefore, it follows that women with
cardiovascular compromise due to cardiac disease need special
input and careful management peripartum. Cardiac disease
was the most common cause of indirect maternal deaths and
the most common cause of death overall. In particular, during
Y..Y-0 there was an increase in deaths due to myocardial
infarction, thoracic aortic dissection, and rheumatic mitral
stenosis (Lewis, T+ V).

Ischemic heart disease is also seen more commonly today
due to both the increasing number of women of advanced
maternal age who are electing to undergo pregnancy and
childbirth as well as advances in medical therapy for ischemic
heart disease, allowing women with this condition to carry a
pregnancy to term (Goldszmidtetal., ¥« ! +).

In general regurgitant valvular lesions are well tolerated
during pregnancy, where stenotic lesions have a greater
potential for decompensation. Pregnant patients with valvular
heart disease can expect to have worsening of their New York
Heart Association (NYHA) functional class, some may
develop congestive heart failure while others may have
adverse foetal outcome i.e. preterm birth or still birth (Hameed
etal., "+ ").

While the incidence of cardiac disease in pregnant
patients has remained relatively unchanged, the maternal
mortality from cardiac disease has decreased from 17 in the
V4Y. to +,°-Y,V7 today. The last decade has shown a decline
in maternal mortality from congenital heart disease, and now
acquired heart disease has risen to be the leading cardiac cause
of maternal death, with myocardial infarction, and
cardiomyopathy as the main processes (Curry etal., ¥« ¢ ¥9).




Introduction and Aim of The Work,

Aim of The Work

The aim of this review is to discuss the current anesthetic
management of pregnant patient with common cardiac
conditions, presenting for elective caesarean section.
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Anatomical, Physiological and
Pharmacological Considerations
During Pregnancy

The adequate management of pregnant lady with cardiac
disease requires the clinician to consider and understand the
unigue changes in anatomy and physiology that take place
during pregnancy. The pathophysiology of cardiac disease in
pregnancy may significantly differ from those that commonly
occur in the non-pregnant state (Rudraetal., ¥+ V).

I. Changes in the Cardiovascular System

An increase in cardiac output is one of the most important
changes of pregnancy. Cardiac output increases by Y:«—£+7
during pregnancy, and the maximum increase is attained
around Y ¢ weeks’ gestation (Mashini et al., 1 94Y).

The increase in heart rate occurs first by the end of the
first month of pregnancy. Stroke volume increases by midfirst
trimester and progressively increases through the second
trimester. Echocardiography demonstrates increases in end
diastolic chamber size and total left ventricular wall thickness
but no change in end-systolic volume, so ejection fraction is
increased (Rudraetal., 7+ +Y).

Cardiac output can vary depending on the uterine size
and maternal position at the time of measurement. The
enlarged gravid uterus can cause aortocaval compression and
reduced cardiac filling while the pregnant woman is in the
supine position, leading to an underestimation of cardiac
function. Normal pregnant women exhibit a marked increase
in femoral venous and inferior vena caval pressures. Collateral
vessels maintain atrial filling but lead to engorgement of veins,
including the epidural venous (Batson’s) plexus. Filling
pressures (CVP, pulmonary capillary wedge pressure, LV end-

YA



Anatomical, Physiological and Pharmacological Considerations During Pregnancy

diastolic pressure) do not change despite the increased cardiac
dimensions, due to myocardial remodeling during gestation
(Rudraetal., r+-Y).

Systemic vascular resistance is decreased approximately
Y. 7. Blood pressure never increases in normal pregnancy, and
systolic and diastolic blood pressures decrease by
approximately A and Y- 7, respectively, on average.Pregnancy
hormones (estrogen and progesterone), prostacyclin, and nitric
oxide all may play a role in the reduction in blood pressure
observed despite an increase in cardiac output. As a result of
the fall of systolic and diastolic blood pressures there is a
reflex increase in heart rate by Yo/ (Rudraetal., ¥« ).

Cardiac output increases further during labor, up to ©+%
higher than pre-labor values, although effective analgesia can
attenuate some of this increase. In the immediate postpartum
period, cardiac output increases maximally and can rise A+7
above pre-labor values and approximately ‘e’ above non
pregnant measurements. The heart is displaced to the left and
upward during pregnancy because of the progressive elevation
of the diaphragm by the gravid uterus (Tihtonen etal., ¥+« 7).

The electrocardiogram of normal parturients may include
sinus tachycardia or benign dysrhythmias, depressed ST
segments and flattened T waves, left axis deviation, and left
ventricular hypertrophy. Auscultation frequently reveals a
systolic murmur of aortic regurgitation, and a third or fourth
heart sound. Cardiac output, heart rate, and stroke volume
decrease to pre-labor values Y¢-VY h postpartum and return to
nonpregnant levels within 1—A weeks after delivery (Tihtonen
etal., "+« 7).
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Fig.(): Aortocaval compression. (Chang, Y+« ¢).

Clinical Implications

An increased cardiac output might not be well tolerated by
pregnant women with valvular heart disease (e.g., aortic or
mitral stenosis) or coronary arterial disease. Decompensation
in myocardial function can develop at Y¢ weeks’ gestation,
during labor, and especially immediately after delivery.
Engorgement of the epidural venous plexus increases the risk
of intravascular catheter placement in pregnant women; direct
connection of the azygos system to the heart as well as brain
also increases the risks of local anesthetic cardiovascular and
central nervous system toxicity (Dattaetal., ¥+ ).

I1. Changes in the Hematological System

Maternal blood volume increases during pregnancy, and
this involves an increase in plasma volume as well as in red
cell and white cell volumes. The plasma volume increases by
¢+—0+7, whereas the red cell volume increases by only Yo—
Y7, which causes a “physiological anemia of pregnancy”
(normal hemoglobin VY g/dL; hematocrit Y°) (Tsuei, ¥+« 7).

Because of this hemodilution, blood viscosity decreases
by approximately Y7 (Rudraetal., ¥+« ).
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Blood volume increases further during labor, as uterine
contractions squeeze blood out of the intervillious space and
into the central circulation. After delivery, involution of the
uterus and termination of placental circulation causes an
autotransfusion of approximately ¢+ + mL of blood. Levels of
clotting factor I, VII, VIII, IX, X, and XII and fibrinogen are
elevated during pregnancy as well. Platelet production is
increased, thrombopoietin levels are increased and platelet
aggregation measured in vitro is likewise increased however

indices of platelet destruction are also increased (Frolich et
al., 1994).

Endogenous anticoagulants, such as protein S, are
decreased in normal pregnancy and there is acquired resistance
to activated protein C during pregnancy, adding to the
prothrombotic state. Fibrinolysis is impaired in normal
pregnancy due to placentally derived plasminogen activator
inhibitor (PALI), but returns to normal following delivery of the
placenta. Overall indices of coagulation indicate that normal
pregnancy is a hypercoagulable state (Sharmaetal., 199Y).

Clinical Implications

Increased blood volume and enhanced coagulation serve

several important functions which are:

Y- The increased circulatory needs of the enlarging uterus and
growing fetus and placenta are met

Y- The parturient is protected from bleeding at the time of
delivery. Anesthesiologists should consider the enlarged
blood volume when making decisions on fluid and blood
replacement in the peripartum period. Parturients become
hypercoagulable as gestation progresses and are at
increased risk of thromboembolism. After a rapid
mobilization and diuresis of some fluid in the first few
postpartum days, blood volume slowly returns to normal
over A weeks (Dattaetal., 7+ !¢).
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I11.Changes in the Respiratory System

Changes in respiratory parameters start as early as the
fourth week of gestation. Minute ventilation is increased at
term by about °+7 above nonpregnant values. The increase in
minute ventilation is mainly due to an increase in tidal volume
(¢+7) and, to a lesser extent, an increase in the respiratory rate
(Ye7). Alveolar ventilation is greatly increased as the tidal
volume increases without any change in the ratio of dead space
to tidal volume (VD/VT) (Wise and Polito, - ).

At term PCOx is decreased to YY-Y° mmHg, although
renal excretion of bicarbonate keeps arterial pH normal.
Increased progesterone concentrations during pregnancy likely
stimulate increased respiration, even before an increase in
metabolic rate. Oxygen consumption and carbon dioxide
production increase by approximately 1+7 over prepregnant
values. PaOx is increased in early pregnancy due to a decrease
in PCOy. Functional residual capacity, expiratory reserve
volume, and residual volume are decreased at term. These
changes are related to the cephalad displacement of the
diaphragm by the large gravid uterus (Wise and Polito, ¥« ¢ ).

Closing capacity (CC) does not change, but the reduction
in FRC contributes to a tendency toward earlier desaturation,

as lung volume more easily falls below CC (Wise and Polito,
ro . 0)_

Anatomic changes also accompany pregnancy. The
respiratory mucous membranes become vascular, edematous,
and friable. The voice may deepen and there is a progressive
increase in the Mallampati score during gestation and labor.In
labor, minute volume further increases in the absence of pain
relief, and PCOY may decrease to ‘Y mmHg. Opioids some
what attenuate this change, but epidural analgesia does so
more completely. In the second stage, maternal expulsive
efforts increase ventilation, even in the presence of effective
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