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Pregnancy in the human female is an unusual state in which virtually all maternal systems are 

dramatcally altered to permit the sustenance and growth of the intrauterine conceptus  tn very 

real ways, the maternal organism is life-adapted 

Although pregnancy is unique in many ways, it is partcularly so in being limited in tme  

Pregnancy is a temporary state with a defnite point of onset and an equally defnite 

terminaton  The duraton of pregnancy in humans, marked from the frst day of the last 

menstrual period, is classically 280 days  Recent studies, however, using computerized day-

countng techniques, show an average duraton of 284 2 days 1 Table 1 shows the mean values 

and statstcal dispersion of gestatonal duraton as well as a number of other gestatonal 

milestones 

Mean observed intervals to delivery date for last menstrual period (LMP) and obstetric 

milestones*

The changes brought about in the maternal organism by the state of pregnancy are important, 

because in many instances they mimic pathophysiologic responses to disease  tf the 

constellaton of changes occurring normally in pregnancy are misinterpreted as signs of disease 

processes, the gravid or puerperal woman may be subjected to diagnostc and therapeutc 

interventons that are not only unnecessary but may also be dangerous to mother and fetus 

Because so many system-specifc changes occur in the course of pregnancy, it is difcult to 

develop a total physiologic overview  There are, however, a number of well-described adaptve 

physiologic states that produce changes in human systems similar to those seen in pregnancy  

These adaptve states may be used as models or constructs to help integrate the diverse 

alteratons in physiologic systems that occur during the course of normal gestaton  Among the 

physiologic states that produce adaptve changes similar to those seen in pregnancy are the 

presence of a moderate-sized arteriovenous fstula, acclimaton to increased environmental or 

internal heatng, and adjustments to increasing levels of circulatng progesterone 

MODELS OF PREGNANCY AS A PHYStOLOGtCALLY ADAPTED STATE

tn 1938, Burwell and associates2 suggested that there are strong similarites between the 



physiologic alteratons seen in normal pregnancy and those seen in patents with large 

arteriovenous fstulas  Patents on chronic renal dialysis who have peripheral shunts constructed 

for purposes of dialysis typically have fow rates in their shunts of approximately 600 

ml/minute 3 Because uteroplacental fow rates at term (nearly 600 ml/minute4) are essentally 

the same as those in the artfcially produced shunts, it is not surprising that there are 

similarites between the cardiovascular changes in the shunted patents and cardiovascular 

alteratons in the pregnant woman, partcularly as she approaches term 

tn both of these circumstances there is evidence of increased peripheral circulaton, decreased 

peripheral resistance, increased heart rate, increased cardiac output, and increased plasma 

volume  This partcular model can be used to explain a number of other changes related not 

directly to the shuntng mechanism but to secondary changes produced by increased peripheral 

circulaton, such as increased renal plasma fow and the physiologic alteratons associated with 

increased renal perfusion 

Pregnancy as a State of Heat Adaptaton

Abrams and associates and others5, 6 have shown that there is a considerable temperature 

gradient between the mother and fetus  Aortc temperature measurements made in the 

pregnant ewe indicate that the fetal core temperature exceeds that of the mother by 0 5°C, 

which is a signifcant amount  Thermodynamics and the physics of heat transfer suggest that 

because of this temperature diference, the fow of heat from the fetus to the mother is 

relatvely constant  As a result, the maternal organism must adjust her thermoregulatory system 

to permit increased heat loss to the environment  Aside from physical consideratons, the need 

for maternal thermoregulatory adjustments is suggested by the observaton that homeothermic 

mammals functon within a very narrow range of internal temperatures  Extremes in either 

directon produce signifcant alteratons in the functon of fundamental systems responsible for 

the maintenance of life 

Responses of the homeothermic mammal to internal and environmental heatng produce similar

physiologic alteratons  These include increased respiratory rate, increased cardiac output, 

increased heart rate, expansion of plasma volume, increased peripheral circulaton, and a 

number of other changes similar to those seen in normal human gestaton 

Pregnancy as a Hyperprogestatonal State

With the onset of normal gestaton, all maternal systems are subjected to increasing levels of 

circulatng progesterone  At frst the corpus luteum of pregnancy, and later the placenta, 



produce large amounts of this hormone  At term, serum levels may be as high as 2 5 tmes those

considered normal in the menstruatng woman 

tncreased basal body temperature and changes in the smooth muscle dynamics of the uterus, 

the vascular system, the urinary system, the gastrointestnal system, and the respiratory system 

in pregnancy have ofen been explained on the basis of increasing levels of serum progesterone  

The mechanism proposed to explain many of these changes relates to the efect of progesterone

on the electrochemical gradient at the cell membrane of individual smooth muscle fbers . 

According to this hypothesis, progesterone acts to hyperpolarize the cell membrane, depressing 

the restng electrical potental at the membrane to a level below that of the normal actvaton 

threshold  This efectvely puts the muscle at rest, because much greater levels of stmulaton are

required to produce depolarizaton and subsequent muscle contracton  Decreased tone and 

overall decrease in contractle actvity is seen in most of the structures that depend on smooth 

muscle for their acton  This includes the uterus, gut, respiratory system, ureters, and peripheral 

vascular system 

Volume expansion of the intravascular space, decreased peripheral resistance, increased heart 

rate, and a number of other alteratons associated with the pregnant state could theoretcally be

explained on the basis of progesterone's efect on smooth muscle 

Overall, it seems unlikely that a single model can be invoked to explain the varied changes that 

take place in the human female during the course of gestaton  tt is more likely that all of these 

mechanisms contribute, along with other factors stll unidentfed, to the myriad changes that 

consttute the physiologic alteratons associated with the normal human gestaton  Each model, 

nonetheless, helps the clinician to antcipate and integrate the changes in many of the altered 

systems  The constructs described permit the alteratons in individual systems to be fused into a 

more coherent overview 

METABOLtC CHANGES

Basal metabolic studies carried out in the 1920s and 1930s by Sandiford and Wheeler8 and 

Rowe and Boyd9 demonstrated that pregnancy is characterized by increased metabolic actvity 

as measured by the basal metabolic rate  tn these studies, done on a small group of women 

throughout gestaton, they found that the basal metabolic rate increased by approximately 20% 

as the pregnancy approached term  This trend is pictured in Figure 1  The researchers 

hypothesized that this increase in metabolic actvity primarily represented increased fetal and 

placental metabolic work, with only a small fracton being atributable to increased maternal 

metabolic actvity  At term, the products of gestaton were estmated to be responsible for 

approximately 13% of the 20% increase in total metabolic actvity  More modern studies10, 11 

using oxygen consumpton measures and indirect calorimetry estmate the energy output of an 

average-sized pregnant woman at 36 weeks' gestaton to be approximately 98 W (8443 ± 243 



kJ/day)  This compares with an energy output of approximately 81 W (69.1 ± 1.2 kJ/day) for a 

similar-sized, nonpregnant, nonlactatng woman  Although the more recent studies used 

diferent methodologies, they all support the results of the earlier work 

Metabolic requirements for oxygen during the course of normal pregnancy in 11 normal 

pregnant women  (Based on data of Emerson K, Saxena GN, Poindexter EL, et al: Caloric cost of 

normal pregnancy  Obstet Gynecol 40(6):.86, 19.2) 

During the course of normal pregnancy, basal body temperature is elevated  The increased 

metabolic actvity manifested early in the gestaton, along with the efects of progesterone, may 

be responsible for this phenomenon 

WEtGHT GAtN

Weight gain, one of the hallmarks of pregnancy, has been extensively studied as it relates to the 

well-being of the fetus and infant  Optmal weight gain in pregnancy has been the subject of 

considerable discussion, and attudes regarding what is appropriate have changed with tme, 

even in recent history  Currently, a total weight gain of 10–12 kg is thought to be appropriate  

The parttoning of this weight gain and its distributon 

The total maternal weight gain indicated in Table 2 is that porton that can be explained in terms 

of measurable elements and is less than the 10–12-kg increase described as optmal  The 

diference is usually ascribed to fat storage in maternal tssues 

Weight gain in pregnancy is negligible in the frst trimester, as can be seen in Table 2 and Figure 

2  tn the second and third trimesters, weight gain is much more appreciable and, according to 

the work of Hyten and Leitch,12 averages approximately 0 41–0 45 kg/week (0 9–1 0 

pounds/week) in normal pregnancies in primigravidas 

NUTRtTtON

Studies carried out in Third World countries indicate that maternal malnutriton may interfere, at

least epidemiologically, with appropriate intrauterine nutriton  Women who were marginally 



nourished before pregnancy deliver a higher proporton of premature and low-birth-weight 

infants  Feeding programs in Guatemala, Colombia, and other emerging natons have provided 

informaton that suggests that the proper nourishment of the pregnant woman may be of 

considerable beneft to her fetus 13

 

Nutritonal authorites in the United States and much of the Western World have established 

suggested programs for appropriate nutriton in pregnancy  Basically, pregnant women require 

calories additonal to the normal daily requirement  These recommendatons, although variable 

from country to country, also suggest the additon of protein, iron, and other mineral and 

vitamin supplements to provide the necessary materials for fetal and maternal welfare during 

the course of gestaton  Although common sense indicates that appropriate nutriton is 

important for maximizing the possibility of healthy ofspring, Hyten and Leitch12 and others14 

have pointed out that it is difcult to focus on nutriton alone as a factor in the growth and 

development of normal babies  Women who are appropriately nourished during the course of 

pregnancy are also usually beter housed, beter educated, and have greater access to the 

medical antepartum care that seems to be associated with improved pregnancy outcomes  

Antepartum nutriton, however, contnues to be an area of great interest because the feeding of 

pregnant women is a simple interventon that may have a signifcant impact on the outcome of 

reproducton

Caloric Requirements

Maternal mass increases by approximately 20% during the course of normal gestaton  This 

increase in mass and the metabolic needs of the fetus require additonal calories above the 

recommended daily allowance  tn 1989, the Food and Nutriton Board of the Natonal Academy 

of Sciences suggested that 300 additonal calories be added to the diet of pregnant women to 

compensate for the additonal needs of fetal growth and increased maternal metabolism 14 tn 

pregnant adolescents, or those stll in their actve growth phase, additonal calories beyond this 

recommendaton are required to sustain needs related to maternal growth  The basal calorie 

levels for any woman can be determined from tables that take height and body habitus into 

consideraton  A pregnant woman of average size requires approximately 2200 calories/day 

Protein Requirements

On the basis of nitrogen balance studies, the Food and Nutriton Board has recommended that 

an extra 30 g of protein be supplied to pregnant women in additon to the basic requirement 

based on age and size 14 tn the average-sized woman, this consttutes a total daily protein raton

of 44–46 g/day (0 88 g/kg/day) plus the 30 gram supplement



tron and Mineral Requirements

tron supplementaton is recommended in pregnancy by virtually all nutritonal authorites  The 

requirements of the fetus and placenta and increased maternal red cell producton require 

approximately 500 mg of elemental iron during the course of a normal pregnancy 15 This 

exceeds what most women have in terms of physiologic iron stores  The Food and Nutriton 

Board recommends 2. mg/day of supplemental iron during the course of pregnancy  This 

amount is usually present in prenatal vitamins  tf the maternal diet is likely to have been 

defcient in iron before pregnancy, iron stores may be signifcantly less than normal, and 

additonal iron supplementaton should be considered 

Folic acid is a coenzyme essental in purine and pyrimidine metabolism and in the synthesis of 

DNA  Clinical evidence of folic acid defciency is usually frst evident in tssues that have rapid cell

turnover, notably in hematopoiesis  Megaloblastc anemia of pregnancy as a result of inadequate

intake of folic acid is not a rare cause of anemia in pregnant women in the United States  

Prenatal multvitamins with folic acid ofen contain 1 mg of folate, which exceeds the 

recommended supplement 

PLASMA LEVELS OF NUTRtENTS

Changes in nutrients and related materials in the plasma of pregnant women suggest 

fundamental alteratons in the manner in which they handle these materials  Total protein levels 

fall in pregnancy to levels about 1000 mg/dl less than those observed in the nonpregnant 

woman  Much of this decrease is in the albumin fracton, which is important in terms of its efect

on the colloid osmotc pressure  Lowering of the colloid osmotc pressure allows water to fow 

from the plasma into cells or from vessels into the extracellular space  Globulins show a 

relatvely small increase in serum concentraton during the course of normal pregnancy  Levels of

fbrinogen, an important protein in normal blood coagulaton, as well as factors Vtt, Vttt, t,, and 

,, are appreciably increased in the pregnant state  The increased concentraton of fbrinogen 

(approximately 50%), is thought to be responsible for the commonly observed increase in 

erythrocyte sedimentaton rate 

Lipid concentraton in the serum is markedly increased in pregnancy (Fig  3)  Triglycerides, 

phospholipids, cholesterol, and free faty acids increase markedly in amount  The increase in 

serum cholesterol seems to occur regardless of the dietary habits of the gravida; vegetarians 

show the same increase as those who eat meat 16, 1.



Relatve changes in the plasma concentraton of various lipids during the course of pregnancy  

The normal or nonpregnant level is expressed as 100%  (Hyten F, Chamberlain G: Clinical 

Physiology in Obstetrics  Boston, Blackwell Scientfc Publicatons, 1980)

CARBOHYDRATE METABOLtSM

Carbohydrate metabolism is altered in the course of normal pregnancy, and the pregnant state 

has been characterized as diabetogenic  Previously undiscovered diabetes may be unmasked 

during the course of pregnancy, or a woman may develop diabetc levels of blood glucose as a 

response to pregnancy 

 

tn the fastng state, glucose is transferred to the fetus from the maternal circulaton, producing a 

decrease in maternal serum glucose levels  The major efects of pregnancy on glucose 

metabolism are related to the fact that the fetus withdraws glucose from the maternal 

circulaton  tn a study by Bleicher and colleagues,18 average plasma glucose values in 

antepartum women (.5 2 mg/dl; standard error of the mean [SEM] = ±2 8 mg/dl) were 

signifcantly lower than those in postpartum women (92 5 mg/dl; SEM = ±2 . mg/dl)  This 

phenomenon is thought to occur because the fetus uses glucose almost exclusively as its 

metabolic fuel  The rate of delivery of glucose to the fetal circulaton is thought to be controlled 

by the diference in serum concentratons between maternal and fetal serum levels  Glucose also

seems to be transferred across the placenta by means of facilitated difusion  Placental transfer 

of glucose and other materials related to carbohydrate handling in pregnancy is pictured in  

A schematc representaton of maternal-fetal nutrient and hormone exchange across the 

placenta in pregnancy  Glucose, amino acids, and ketones move freely into the fetal circulaton, 

whereas insulin, glucagon, and free faty acids (FFA) do not  Maternal hyperglycemia and ketosis 

are thus refected in the fetal circulaton  (Felig P: Body fuel metabolism and diabetes mellitus in 

pregnancy  Med Clin North Am 61(1):43, 19..)

Glucose utlizaton studies demonstrate that the fetus uses glucose at a rate of 6 mg/kg/minute 

at term  This rate is quite high compared with that in the normal adult, which is approximately 

2 5 mg/kg/minute tn additon to glucose, amino acids are freely transported across the placenta 

into the fetal circulaton  This transfer produces maternal hypoaminoacidemia, partcularly of 

alanine, an important precursor of glucose in gluconeogenesis  With the fall in serum glucose 

levels, there is an associated decrease in plasma insulin, producing what Felig19 has referred to 

as an accelerated and exaggerated response to starvaton  This is one explanaton of the 

elevaton in free faty acids and triglycerides seen in the mother 



tn pregnancy, feeding produces hyperglycemia, an increase in serum insulin levels, and 

hypertriglyceridemia  There is also a diminished response to insulin  The diminished response to 

insulin, which may be mediated hormonally, produces aberratons in blood sugar testng using 

both oral and intravenous loading with glucose  Adjusted norms are therefore necessary to 

diagnose diabetes in pregnancy  Bleicher and others1., 18, 19 have hypothesized that these 

changes are related and that the purpose of these changes in the carbohydrate metabolism of 

the mother is the protecton of fetal tssues from fuctuatons in glucose by switching the 

maternal tssues over to free faty acid and triglyceride metabolism  The placental producton of 

lactogen, a substance known to have lipolytc propertes, is thought to explain these 

phenomena  The ant-insulin efects of placental lactogen seem to provide additonal evidence 

for this hypothesis  The complexites of carbohydrate metabolism in pregnancy, although 

partally elucidated, contnue to be confusing and require further investgaton 

ALTERATtONS tN THE CARDtOVASCULAR SYSTEM

Regardless of the etologic factors in the many changes that occur in the physiology of the 

pregnant woman, the system that undergoes some of the most signifcant alteratons is the 

cardiovascular system  The changes in this system are quite profound and begin to occur almost 

at the tme of concepton  Lindhard's observatons in 1915 that the cardiac output is increased in

pregnancy formed the basis for much of the work subsequently done in delineatng the multple 

changes that occur in circulatory physiology in the pregnant woman 20

Anatomic Alteratons

The positon of the heart in the chest changes during the course of normal pregnancy  tt is 

rotated slightly, and its apex deviates to the lef  Thus, on physical examinaton of the chest of 

the pregnant woman, the point of maximum intensity of the cardiac acton is ofen lateral to the 

midclavicular line and in the fourth rather than the ffh intercostal space 

Because of these changes in positon and slightly increased cardiac volume (.0–80 ml), the area 

of relatve dullness over the precordium is increased, as is the cardiac shadow on x-ray 

examinaton  Lateral x-ray flms of the pregnant woman's thorax may, in fact, show fndings 

suggestve of atrial dilaton, which is suggestve of stenotc mitral valvular disease  These 

alteratons in morphology are pictured in Figure 5  The changes in heart positon, increased 

output, and increased blood volume are probably responsible for the systolic fow-type murmur 

that is common in pregnancy 

Morphologic changes in the heart and lungs  The fgure shows the alteratons produced by 



pregnancy  Lef axis deviaton, changes in the electrocardiogram, and alteratons in physical 

fndings are common concomitants of normal pregnancy  (Bonica J: Principles and Practce of 

Obstetric Analgesia and Anesthesia  Philadelphia, FA Davis, 196.)

Electrocardiographic Changes

These changes in cardiac positon, presumably brought about by some of the functonal changes 

in cardiodynamics, induce certain changes in the electrocardiographic (ECG) fndings associated 

with pregnancy  As would be antcipated, ECG fndings are suggestve of lef axis deviaton of 

approximately 15 degrees  There may be decreased voltage in the QRS complexes, as well as 

alteratons in T and P waves  tn a number of normal pregnant women, there may be fatening or

inversion of T waves in lead ttt, as well as depression of the S-T segment in limb and chest leads  

These fndings, which are suggestve of myocardial ischemia, have been reported to occur in as 

many as 14% of normal pregnant women in whom none of the other demonstrable 

concomitants of true myocardial disease are seen  When this fnding occurs in a pregnant 

woman, it tends to recur in subsequent pregnancies  Cardiac arrhythmias, partcularly those of 

supraventricular origin, are also relatvely common in pregnancy but are not generally productve

of symptoms signifcant enough to require therapy 21, 22

Alteratons in Cardiodynamics

Beginning early in pregnancy, cardiac output increases signifcantly to maximum levels at around 

20–24 weeks and maintains that level untl afer delivery  tt is generally accepted that in the 

course of pregnancy the cardiac output increases to levels 30–35% in excess of that in the 

nonpregnant woman  Recent work by Clapp and Capeless23 has demonstrated that this increase

in cardiac output may be enhanced in subsequent pregnancies  Stroke volume and end-diastolic 

volume are altered in a similar manner  Systemic vascular resistance is also signifcantly altered 

The factors responsible for the change in cardiac output are not completely understood but are 

thought to be related to one or several of the mechanisms noted in the introductory remarks in 

this chapter or, more likely, to some combinaton of all these factors  Almost all of the theories 

used to explain the observed changes implicate either neurohumoral factors, such as estrogen 

and progesterone, or the placental circulaton actng as an arteriovenous fstula  Maternal heart 

rate is increased in pregnancy, consistent with a functonal arteriovenous fstula; the increase 

averages approximately 15 beats/minute  Figure . demonstrates the increase in heart rate as 

pregnancy progresses 



Clinical symptoms and fndings may be related to these alteratons in normal cardiovascular 

dynamics  The pregnant woman has less measurable cardiac output, as well as decreased 

uterine perfusion, when in the supine positon  The supine hypotensive syndrome, which is 

characterized by hypotension, tachycardia, diaphoresis, and discomfort, may become magnifed 

by the efects of a conducton anesthetc that increases venous pooling and further reduces 

venous return to the heart  By positoning the patent to produce lefward deviaton of the 

uterus, such postural changes in vital signs may be avoided and the need for vasopressors 

obviated  The case reports of O'Connor and Sevarino,24 as well as DePace and colleagues,25 

suggest that an appreciaton of this posture-related efect may be important in the successful 

cardiopulmonary resuscitaton of pregnant women who have sustained a cardiac arrest 

Rapid changes in body positon may produce syncope or lightheadedness because of decreased 

peripheral resistance in the lower extremites  These efects may be further intensifed when 

warm environmental conditons contribute to peripheral vasodilataton  Theories relatng to the 

efects of changes in cardiovascular dynamics on the metabolic heat producton of the fetus and 

other products of concepton are notably absent from most discussions of these phenomena, 

although signifcant fetal heat producton is demonstrable in mammalian gestatons 

tntravascular Volume Changes

Large expansion of the intravascular volume, partcularly plasma volume, is one of the hallmarks 

of normal pregnancy  Plasma volume increases to a signifcant extent early in pregnancy  

Maternal blood volume expansion of 40% is not unusual in singleton pregnancy and may be 

even greater in multple gestatons  This expansion in blood volume is due to an increase in 

plasma volume of 45–55% and an increase in red cell mass of 20–30% 

The rapid increase in plasma volume, outstrips the manufacture of new red cells and may 

produce a virtual anemia in early pregnancy  The increase in plasma volume without a 

concomitantly rapid producton of red cell mass is manifested in an apparent drop in the 

hemoglobin concentraton, hematocrit, and red blood cell count  This plasma expansion requires

that the defniton of anemia in pregnancy be altered so that a pregnant woman is not 

considered anemic in most centers untl the hemoglobin falls below 10 g/dl 26 The red cell mass 



increases in the course of pregnancy by 20–30%, or approximately 250–500 ml of packed red 

cells 

The reasons for this plasma volume expansion are probably numerous, and all suggested major 

causatve factors, including the efects of hormonal level changes, the decrease in peripheral 

resistance produced by the placental and uterine shuntng mechanisms, and heat-adaptve 

mechanisms, are likely involved to some extent  The role of increased cardiac output in the 

genesis of these changes is also somewhat speculatve in that it is presently uncertain how 

plasma volume expansion is temporally related to increased cardiac output  To explain this 

phenomenon, Longo2. has proposed a set of mechanisms that integrate the efects of various 

pregnancy hormones, including estrogen and progesterone, as well as the known efects of 

pregnancy on the renin-angiotensin system and human placental lactogen, coupled with the 

changes presumably brought about by the increased uterine and placental circulaton fow rates 

as pregnancy approaches term 

The changes in blood volume and plasma volume are associated with changes in the distributon 

of cardiac output  As the uterine contents increase in size and requirements for oxygen and 

nutrient materials grow, there is an increase in the volume of uterine artery blood fow  The 

studies of Romney and colleagues4 indicate that the increase in uterine perfusion is associated 

with the increasing size of the products of concepton  The fow rates in the uterine and 

placental circulaton approximate roughly 10 ml/minute per 100 g of fetal tssue  

Alteratons in Formed Elements of the Blood

Normal pregnancy is characterized by leukocytosis  This increase in white cell count is mostly 

due to increased numbers of polymorphonuclear leukocytes, which increase in number from the

tme of fertlizaton untl the tme of labor  A study by Grifn and Beck26 indicates, as does older 

literature,28 that leukocyte counts increase signifcantly from their previously elevated level in 

pregnancy at around 35 weeks of gestaton and contnue to rise untl the tme of parturiton  At 

the tme of delivery in this study, the leukocyte counts were in excess of 14,000 1 103 cells/ml 



(standard deviaton = ±1 62 1 103 cells/ml)  Perhaps because of the rapid producton of new 

cells, a small number of myelocytes or metamyelocytes are normally present in the pregnant 

woman's peripheral circulaton 

Lymphocyte and monocyte numbers are not altered signifcantly during the course of pregnancy,

but eosinophil levels are reported to decrease sharply during labor and delivery  Basophil levels 

may be reduced in pregnancy 

 

Platelets are an important element in the coagulaton process; their levels decrease slightly 

during the course of pregnancy  This decrease may be a functon of the increase in plasma 

volume and is not reported to be associated with any signifcant change in platelet functon 

Alteratons in Venous Pressure

The state of pregnancy, either through the efects of progesterone on the veins of the periphery 

or via the shuntng mechanisms of placental circulaton, increases the venous capacitance  This is

more marked in the lower extremites, where dependent edema is seen in as many as 30% of 

pregnant women at some tme during the gestatonal period  Venous pressure above the level of

the umbilicus is generally normal, whereas that below the level of the umbilicus is elevated  

The clinical efects of this elevaton in venous pressure are thought to be responsible for the 

pedal and pretbial edema seen in many pregnancies, partcularly approaching parturiton  The 

increased severity of varicosites of the lower extremites and of the vulva and vagina, as well as 

hemorrhoids, may be at least partally explained by this efect  Obstructon of the venous return 

to the right heart as a result of uterine compression of the vena cava producing supine 

hypotensive syndrome has been mentoned as a cause of hypotension following the 

administraton of conducton anesthesia; spinal, epidural, and caudal anesthesia produce 

sympathetc blockade, which increases the venous capacitance to even greater levels than that 

already produced by the efects of progesterone on the smooth muscle of the vessels 



 

The increased venous pressure below the level of the umbilicus also suggests the use of 

alternatve paths for venous return to the heart, including the azygos and hemiazygos systems 

and the paravertebral and epidural veins  Such pathways, partcularly the paravertebral and 

epidural pathways, may be responsible for the decrease in volume of the subarachnoid space  

Because of this change, smaller amounts of anesthetc drugs are required for the inducton of 

spinal anesthesia 29, 30 This is an important point, because excessively high levels of spinal 

anesthesia may be obtained with what would be a usual dosage in a nonpregnant woman 

Respiratory Changes

Along with the changes in the cardiovascular system, numerous changes occur in the pulmonary 

physiology that refect changes in lung perfusion and the mechanisms of lung acton  As would 

be expected from the increase in fetal requirements for oxygen as its mass increases, the 

changes in pulmonary physiology refect the process of fetal growth  The changes that occur as a

result of that growth include changes in the profle of the maternal chest and, obviously, in the 

level and movement of the diaphragms, which are mechanically interfered with by the presence 

of the gravid uterus and the displacement of the peritoneal contents  The circumference of the 

chest in pregnancy increases as the subcostal marginal angle is increased from approximately .0 

degrees to more than 100 degrees near term, and the transverse diameter of the chest increases

by nearly 2 cm  Although the respiratory rate in pregnancy is not appreciably increased, the 

pregnant woman experiences a relatve hyperventlaton during the course of pregnancy  The 

tdal volume, normally 450 ml/minute, is increased to 650 ml/minute, producing a greater 

gaseous exchange despite the same frequency of inspiraton and expiraton 

The etologic factors in the changes in the functonal elements of respiraton are obscure 

because the changes seen may be mediated by any number of stmuli present in pregnancy  

tncreased demand for oxygen for the growing fetus, the need for increasing heat transfer to the 

external environment, and the efects of progesterone may all play some role in the genesis of 

the ventlatory changes that take place in the course of normal gestaton  The progesterone-

related argument is especially cogent because it has recently been demonstrated in animal 

models that progesterone administered chronically induces hyperventlaton in a dosage-related 

fashion  Factors related to hyperventlaton, such as increased arterial pH and decreased PCO2, 

are also altered in the progesterone-treated animals in a manner similar to that seen in the 

pregnant human woman 31



Renal Changes

tncreased cardiac output results in an increased volume of blood fow to the kidneys  Because of 

this increase in blood fow, the kidneys are perfused with larger amounts of blood, and therefore

with larger amounts of solute and water volume, than usual; thus the kidneys do more fltering 

of the blood  This extra kidney fltering acton reduces the values of some common laboratory 

blood tests; blood urea nitrogen levels are decreased markedly, as are creatnine levels 

Morphologic changes occur in the kidneys and collectng systems  Marked hydronephrosis and 

hydroureter ofen are present in normal pregnant women  tn Fried's31 series of studies of 109 

normal pregnant women, the incidence of hydronephrosis and hydroureter by ultrasonic 

measurements was 93 6%  tn this study, the right side was more profoundly afected than the 

lef  These new data support earlier work using radiographic techniques  These changes are 

thought to be due to the efects of progesterone or the mechanical obstructon of the ureters 

and renal pelves by the gravid uterus or markedly distended ovarian veins  The right-sided 

ureteral and renal dilataton may be produced by pressure on the right ureter at the level of the 

pelvic rim  On the lef side, the ureter is protected and padded by the presence of the sigmoid 

colon  The increased volume of the collectng system and ureters is thought to predispose to 

upper urinary tract infecton by increasing the urinary dead space and possibly the amount of 

refux from the bladder to the ureters 

As the pregnancy progresses, the glomerular fltraton rate increases, and it does so more 

signifcantly than can be explained by increased cardiac output alone  Atherton and Green32 

have suggested that the mechanisms producing this disparate increase may be related to 

increased prolactn or dopamine secreton in the pregnant woman  tn most studies using rats, 

progesterone has not had this efect  With cardiac output increasing by 30–35% and renal 

plasma fow increasing by more than 50%, the tubular reabsorptve capacity for several 

substances is exceeded  This produces conditons such as glycosuria and aminoaciduria 11 

Although values vary, about 12–15% of gravid women have glycosuria at some tme during their 

pregnancy, ofen shortly afer the woman eats foods high in simple sugars  Lactose and other 

sugars may also appear in the urine in the course of the pregnancy 

SALT AND WATER

Despite the increase in sodium and water presented to the glomerulus in pregnancy, more 

reabsorpton of both occurs than in the nongravid situaton  This implies an increase in total 

body water of approximately 6–8 L, as well as an increase in sodium content of nearly 950 

mEq/L  Among the hormones that are increased in the serum during the course of pregnancy, 

several have been noted to produce sodium loss  Among these are progesterone (a partal 

inhibitor of aldosterone), prostaglandins, and dopamine  Atherton and Green32 have suggested 

that several other circulatng hormones may act as antnatriuretcs  Among these, cortsol, 



deoxycortsone, estrogen, human placental lactogen, and prolactn may all have some role in 

opposing the salt-losing propertes of progesterone  tn additon, the decrease in serum protein 

concentraton, the decrease in arterial pressure, and the efects of postural changes in blood 

fow in pregnancy may act together in determining the fnal amount of sodium reabsorpton in 

the pregnant state  The changes in renal physiology in pregnancy, although manifold and 

presumably related to other changes in maternal physiology, remain somewhat obscure in terms

of the underlying mechanisms in pregnancy and where these mechanisms act in the glomerulus 

and tubule 

THE GASTROtNTESTtNAL SYSTEM

Among the other profound changes that occur in the course of normal gestaton are many 

alteratons in the physiology of the gastrointestnal system  The most marked of these are 

probably related to the global efects of progesterone on the smooth muscle, which makes up 

the largest porton of the gut  Kumar,33 and more recently Gill and colleagues,34 have described

the efects of progesterone on extrauterine smooth muscle  Progesterone has the efect of 

producing a dose-dependent and reversible inhibiton of the electrical and mechanical events 

associated with the contracton of smooth muscle fbers  Lawson and colleagues35 

demonstrated prolongaton of gastrointestnal transit tme in the second and third trimesters but

showed no statstcal diferences from the nonpregnant state in the frst trimester or 

postpartum 

 

Depression of muscular tone and acton may explain the numerous alteratons commonly seen 

in the pregnant woman; these alteratons may have clinical implicatons  The increased 

occurrence of regurgitaton and ofen troublesome pyrosis of pregnancy may be explained by 

decreased tone at the cardioesophageal juncton, as well as by increased intraabdominal 

pressure  tn animal models, Fisher and associates36 demonstrated decreased actvity of the 

circular smooth muscle in the lower esophagus in response to both estrogen and progesterone  

Decreased muscle acton also explains the increased emptying tme of the stomach and 

duodenum, as well as the delay in gallbladder emptying  Constpaton may be related to this 

phenomenon as well, in that decreased colonic motlity may provide the opportunity for 

increased water removal from the stool  This mechanism may aggravate hemorrhoids produced 

by the increased venous pressure below the level of the gravid uterus 

The major clinical implicatons of these processes in the gastrointestnal system are most 

relevant to the problems produced in the administraton of general anesthesia  However they 

are mediated, the efects of pregnancy on the motlity of the entre gastrointestnal system make

virtually every pregnant woman who requires a general anesthetc during labor a high-risk 

patent for aspiraton pneumonia  Aspiraton of gastric contents during or afer the 



administraton of general anesthesia contnues to be an important cause of maternal 

mortality 3. When general anesthesia is indicated, ofen under emergent conditons, 

endotracheal intubaton should be performed

SKtN CHANGES

Pregnancy produces many changes in the skin that, although physiologic, may cause some 

concern in the pregnant woman  Among these changes is hyperpigmentaton, which ofen 

occurs in the areolae, the perineal skin, the anal region, the inner thighs, and the linea nigra, 

which appears on the abdominal wall  Melasma or chloasma is a blotchy, sharply marginated 

hyperpigmentaton that occurs on the face of dark-haired and dark-complexioned women  tt is 

most ofen centrally distributed on the face 

Vascular “spiders” occur in about 6.% of white patents and 11% of black patents by the tme 

pregnancy has reached the third trimester  These lesions occur on the neck, throat, face, and 

arms  Most of these fade afer the seventh postpartum week  Circulatng estrogens in high levels

are thought to be responsible for the appearance of these lesions 

Palmar erythema, which is also common in liver disease, hyperthyroidism, and collagen vascular 

diseases, appears commonly in pregnancy  Approximately 6.% of white women and 33% of 

black women experience palmar erythema during the course of gestaton  Striae are common 

among white women in late pregnancy but are less common in black and Asian women  There 

seems to be a familial tendency in the occurrence of these lesions  When they occur, they frst 

appear during the sixth and seventh months of gestaton on the abdominal skin; they then occur

on the breasts, upper arms, lower back, butocks, and thighs  The cause of these lesions is 

unclear, but they have been related to a combinaton of stretching of the skin and increased 

levels of cortcosteroids and estrogen in pregnancy 38


