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I. INTRODUCTION

T HE SUPPLY of oxygen to the tissues depends on the oxygen carrying capacity

of the blood and the ability of the cardio-respiratory system to aerate and to

transport the blood to each living cell of the body. The purpose of this communica-

tion is to review the status of the cardio-respiratory system and the related mani-

fold compensatory mechanisms which provide a maximal supply of oxygen to the

tissues in the presence of anemia. An understanding of these adjustments is neces-

sarily based on knowledge of the changes in cardio-respiratory dynamics and on an

appreciation of the nature of the clinical manifestations.

Most of the physiologic studies reviewed here have been published during the

past twenty years. These two decades were mot fruitful, for it was during this

period that it became possible to study the same patients before and after effective

therapy. This was the direct consequence of the discovery by Minot of the thera-

peutic effectiveness of liver, and the studies in iron therapy which were also carried

out to an important extent in his laboratories.

II.CHANGES IN CARDIOVASCULAR DYNAMICS

The Minute Volume Output of the Heart

Numerous investigations have shown that with anemia there is an increased

cardiac minute volume output of the heart. The relation between the severity

of anemia and the degree of increase of the minute volume output observed in dif-

ferent studies has not, however, been uniform. Similarly, the relation of the

changes in minute volume output to other aspects of circulatory dynamics has also

varied in different investigations. This is hardly surprising, when one considers the

number of variable factors involved.

The method used to measure the minute volume output of the heart in man have

been of necessity indirect, and have depended, until recently, on respiratory tech-
nics. The complexity and technical variations of these methods have made quanti-

tative comparison difficult and the number of measurements inevitably meager for

statistical study. In many communications, the actual minute volume output values
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330 CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANEMIA

have been related directly to the hemoglobin concentration of the blood without

regard for the fact that variations in cardiac minute volume output in normal

people tend to be proportional to variations of the surface area and of the oxygen

consumption. Anemias, moreover, are frequently related to, and indeed may be

caused by, diseases which in themselves affect cardiac output because of fever or

nutritional disturbances.

Plesch56 in 1909 observed that the cardiac output increased when there was a

decreased hemoglobin concentration of the blood. Utilizing the Pick principle,

he found that the increase in cardiac output roughly paralleled the de-

crease in hemoglobin. Confirmatory results have been reported by other

investigators’5’ � 37. 31 40. 63, 75, 10, 92, 97. 100103 who used a variety of methods,

but Kininmonth’s results62 are discordant. Several excellent studies in which meas-

urements were made in the same subjects both in the anemic state and after im-

provement are of particular interest.40 � 92, 101, 103 On the basis of twenty-two

observations in 8 individuals, Richards and Strauss92 concluded that there was a

definite, though not entirely constant, tendency for the cardiac output to increase

with decreasing hemoglobin concentrations; this general relationship as well as the

variation disclosed in the individual instances applied to both the cardiac minute

volume output and to the cardiac index, or the ratio between cardiac output and

surface area. Results obtained by more accurate methods based on cardiac catheteri-

zation have become available recently. In a series of anemic patients studied by

Sharpey-Schafer,97 cardiac output was elevated �o to 150 per cent over the normal

average of � liters per minute, and generally was greatest at the lowest levels of

hemoglobin concentration. Similar results have been reported by others utilizing

the same technic.’5

There has been no uniform agreement as to the level to which the hemoglobin

concentration falls before the cardiac output is definitely increased. Dautrebande22

observed an increase only when the hemoglobin fell below �o per cent. Although

others have expressed the opinion that a considerably lesser degree of anemia may

cause a measurable rise in cardiac output,75 no unequivocal rise in the cardiac out-

put was observed in the studies by Brannon and his associates’5 until the hemo-

globin concentration was less than seven grams per cent.

Relation Between Cardiac Minute Volume Output, Metabolic Rate, and Coefficient of Oxy-

gen Utilization

When the oxygen carrying capacity of the blood is diminished in a patient with

anemia, two mechanisms are available to maintain an adequate supply of oxygen to

the tissues; these mechanisms may act singly or together. The first mechanism

which may compensate for deficient concentration of hemoglobin consists of an

increased delivery of blood to the tissues consequent to increased cardiac output.

If the concentration of hemoglobin were �o per cent of normal and the cardiac

minute volume output and blood flow were doubled, the amount of oxygen with-

drawn from each cubic centimeter of blood in the capillaries might be one-half the

normal, but the total amount of oxygen given off to the tissues would be un-

changed. Despite the low arterial blood oxygen content, the venous blood oxygen
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concentration would remain normal. Since the venous blood oxygen tension reflects

that of the tissues it is clear that tissue anoxia would be prevented. Sole reliance on

this mechanism would require the heart to expend a greatly excessive amount of

energy in order to prevent tissue anoxia, and the circulatory reserve would be en-

croached upon to a marked degree.

The minute volume output of the heart, other factors being equal, is also related

to the total oxygen consumption of the body. If the total oxygen consumption of

the body were markedly increased in the presence of anemia, part of the increased

minute volume output of the heart would be attributable to this factor. Most ob-

servers, however, have found normal values while others have observed small in-

creases in some instances; this will be discussed below. Thus, the increased output

observed in anemia can be ascribed only slightly, if at all, to increased total oxygen

consumption of the body.

The second mechanism available for maintainance of an adequate supply of Oxy-

gen to the tissues consists of more nearly complete abstraction of oxygen from the

blood as it passes through the capillaries. Normally, ioo cc. of arterial blood con-

tains approximately 2.1 cc. of oxygen. Under normal basal conditions, only about

� cc., i.e., approximately 30 per cent, are removed from the blood as it passes

through the capillaries. The remaining � cc. may be regarded as reserve oxygen

which can be called upon during exercise or other unusual states to prevent as-

phyxia of the tissues. The anemic patient, to the extent to which he relies on the

mechanism of more complete oxygen abstraction, diminishes his reserve oxygen

and sacrifices this factor of safety; the degree of sacrifice would depend upon the

severity of the anemia. Moreover, the gradient between the oxygen tensions of

capillary blood and that of the cells of the tissues must be less under these circum-

stances.

The data available in the literature clearly demonstrate that the burden of ane-

mia on the cardiovascular system is distributed, part being assumed by an increase

in the cardiac output per minute and a part by the increased percentage, i.e., co-

efficient of utilization, of oxygen by the tissues. The actual amount of oxygen ab-

stracted from the blood as it courses through the capillaries of an anemic patient is

less than normal, but the ratio between the amount abstracted and the subnormal

amount initially present in the arterial blood is actually greater and is reflected in

the increased percentage of oxygen utilization uniformly observed in patients with

severe anemia. It should be noted that normally an A-V oxygen difference of �

grams per 100 cc. of blood signifies an A-V difference of approximately 30 per cent

of the available oxygen. If there were no increase in cardiac output in severe ane-

mias with less than 30 per cent hemoglobin, the amount of oxygen which could be

delivered to the tissues, even with ioo per cent abstraction of oxygen, would be

less than the normal oxygen supply. In the most severe degrees of anemias, 8o to 90

per cent of available oxygen is removed; were it not for the increased percentile ab-

straction, higher values of cardiac output than those actually observed would be

required to maintain adequate minute oxygen supply. Thus, increased cardiac out-

put and increased percentile removal of available oxygen are two adjustments

which serve to maintain adequate oxygen supply.
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332. CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANEMIA

The above considerations bear on the interesting question of what should be con-

sidered “the normal cardiac output,” a concept which has important theoretic as

well as practical clinical implications. The normal cardiac output must be con-

sidered the cardiac output which is found in healthy subjects at rest and free of dis-

comfort or emotional tension, at medium ambient temperatures and with normal

rates of body oxygen consumption. The normal cardiac output varies considerably

but is proportional to the surface area, the cardiac index, i.e., ratio of cardiac out-

put per minute to surface area, being relatively constant in all normal subjects.

The cardiac index is proportional to metabolic rate. In the presence of congestive

failure due solely to cardiac disease there is a decreased cardiac index in relation to

bodily requirements for oxygen which remain unchanged or are even increased.2
When, however, anemia supervenes in the presence of congestive failure the index

is not as low as one would anticipate on the basis of congestive failure alone, the

cardiac output being somewhat increased rather than diminished in relation to

total body oxygen consumption of normal subjects. For example, in the presence of

severe anemia with arterial oxygen content of five volumes per cent the cardiac

index is approximately seven.’5 This elevation of the cardiac index to more than

twice the normal of healthy subjects is the increase whereby the requirements of

the body for blood and oxygen are met. An elevation less than this constitutes

circulatory insufficiency even though the output at such times may be larger than

that of normal subjects. When the cardiac index is below that indicated for the

degree of anemia, even though markedly above the so-called normal of healthy in-

dividuals, the circulation may be insufficient in relation to the increased demands of

anemia; congestive failure may ensue.
In thc prcsencc of lowered oxygen consumption in anemic patients, the expected

increased cardiac output may not always be present. Thus Starr et al.’#{176}#{176}state: “The

two cases of anemia did not show the increased cardiac output which we expected.

Both of them appear to have reduced their basal metabolism to a point where a

normal cardiac output will carry the necessary oxygen. In one of these patients,

starvation may well have been the cause of this decrease. This method of compen-

sating for anemia is not that usually described.” Similarly in patients with anemia

of myxedema, the cardiac output may be low but adequate for the lowered meta-

bolic requirements; congestive failure does not develop.

This general principle applies equally to other conditions which demand an in-

creased output, such as thyrotoxicosis, arterio-venous aneurisms, pregnancy, febrile

states, and, indeed, exercise.

The Velocity of Blood Flow

The relation between volume flow and velocity flow of liquids of fixed viscosity

through tubes of known diameter is a simple one and is expressed by the equation,

V = A/irr2 where V is velocity flow expressed in seconds, A is the volume flow per

second and r is the radius of the tube. If other factors remain equal, an increase in

volume flow will be accompanied by a proportional increase in the velocity of blood

flow. With the somewhat decreased viscosity of blood in anemia, an additional fac-

tor tending to increase the velocity of blood flow is operative. The extent to which
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pulmonary blood flow is accelerated in the presence of anemia was studied by

Blumgart, Gargill, and Gilligan” using the radioactive method. Thirty-two com-

plete series of measurements were made in 2.9 subjects with pernicious anemia and

with anemia secondary to a variety of diseases. The results showed that, while

there were considerable variations, the velocity of blood flow through the lungs in

these patients generally tended to increase in proportion to the degree of anemia.

A linear relationship between the increased cardiac output and accelerated velocity

of blood flow was observed by Stewart et al.103; the greater the cardiac output, the

shorter the circulation time. The increase in velocity observed by the latter investi-

gators was of somewhat greater magnitude than that reported by Tarr, Oppen-

heimer and Sager,’#{176}6but similar to those results recorded by Blumgart et al. With

increased speed of blood flow through the lungs, accelerated pulse rates were ob-

served. Other studies of circulation time in patients with anemia have been reported

by many authors4’ 9, 10, 13, 33, 36, 38, 56, 60, 63, 66, 70, 71, 74, 84, 106, 112; all are in

accord with the above.

Regulation of Peripheral Blood Flow

Calculation of the average peripheral resistance throughout the body in pa-

tients with anemia indicates that a definite decrease is present. However, the

state of the small blood vessels is not uniform everywhere. Thus plethysmo-

graphic measurements of blood flow in the arms1 and studies based on estima-

tion of local arterio-venous blood oxygen or carbon dioxide difference in the

arms3’ 25, 30, 43, 51, 76, 79, 86, 92 show accelerated flow while blood flow in the

hands is diminished’’ 104 in anemic patients. Direct observations of the capillaries

in the skin of the fingernail fold show marked vasoconstriction30’ 5#{176}and flow is

slow.30 The occurrence of increased peripheral flow everywhere except in the hands

is identical with the pattern of flow seen in simple anoxia such as is produced in

normal subjects breathing air deficient in oxygen.

Measurements of antecubital and mixed venous blood oxygen content yield very

low values.3’ 15, 25, 51, 76, 79, 86 In spite of the fact that the tissues are given enough

oxygen for their basal requirements, as shown by the fact that total oxygen con-

sumption is not lowered in anemia, the low tissue oxygen tensions which exist re-

sult in a diminution of the margin of safety. The occurrence of intermittent claudi-

cation of the calves in patients with anemia has been emphasized by Pickering and

Wayne. 85 In accord with the concept that the tissues are anoxic is the fact that

blood lactic acid values are often elevated in patients with anemia51 and the ability

of the body to metabolize intravenously injected lactate is impaired 21, 45 After ex-

erCise the oxygen debt is greatly increased in anemic patients1’ presumably as a con-

sequence of the accumulation of excessively large amounts of lactic acid.

Visceral Blood Flow

i. Kidneys. The observations of Bradley and Bradley’4 on renal blood flow in

anemia are of interest in that they afford data indicating the presence of selective

changes in vasomotor activity. The renal blood flow is greatly diminished in pa-

tients with chronic anemia, evidently as a consequence of localized vasocon-
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334 CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANEMIA

striction. Calculations of the filtration fraction suggest that afferent vasoconstric-

tion is somewhat more marked than that in the efferent arterioles of the glomeruli.

Although flow of blood through the kidneys is reduced by a third or a half, the

amount of plasma presented for filtration to the glomeruli per unit of time as a rule

is almost normal because of the low hematocrit values which occur in anemia.

Accordingly nitrogen retention is uncommon. On the other hand the observed

reduction in blood flow may be related to salt retention observed by Strauss and

Fox’#{176}5in patients with anemia (see below). Evidence of impaired tubular function,

presumably consequent to anoxia, is also presented by the Bradleys.’4

2.. Brain. Himwich and Fazekas48 recorded observations on arterial and jugular

venous blood gas concentrations in one anemic patient, which indicate that the

flow of blood through the brain is abnormally rapid in anemia; the venous blood

oxygen concentration, however, and presumably the tissue oxygen tension in the

brain, is very low. These authors ascribed the development of mental symptoms in

their patient to anoxia.

The Metabolic Rate in Anemia

A review of the available data indicates there are no striking deviations from the

normal total oxygen consumption of the body as a consequence of anemia per se.

The problem is complicated by the fact that the metabolism of the body may be

influenced considerably by the disease which causes the anemia.26 In pernicious

anemia, Boothby and Sandiford’2 observed that approximately 50 per cent of their

patients had a metabolic rate above plus io per cent. Similarly, an average increase

in basal metabolic rate of plus 2.0 per cent was observed in the � patients with

pernicious anemia studied by Stewart et al.,’#{176}3a decrease to an average of plus 6

per cent occurring during remission induced by treatment. In patients with iron-

deficiency anemia, the metabolic rate is increased less frequently and is often normal

or below normal. In the i8 patients studied by Brannon et al.’5 the average meta-

bolic rate in patients with less than 7 grams per cent of hemoglobin was plus 13, as

compared with plus � per cent in patients with hemoglobin between 7 and 13 grams,

and minus 7 per cent in their normal subjects. In general, the rise in oxygen con-

sumption by the body in anemia is at most small or frequently absent; even when

present, the increase in cardiac output and velocity of blood flow can be attributed

only in small part to this rise in oxygen consumption.

Blood Volume

Neither the carbon monoxide method nor the dye methods measure absolute

blood volume in normal subjects; experience with pathologic subjects tends to con-

firm and extend this conclusion. Either method may on occasion give the larger

value and it is not possible to assert that either one consistently measures absolute

blood volume; both methods apparently tend to exaggerate the true blood volume.

The dye method also generally gives excessive values for the plasma volume.63 It is

fairly clear, however, that most methods give fairly reliable qualitative but not

quantitative measures of the relative plasma volume. Observations by various in-

vestigators of the blood volume in anemia reveal that the blood volume is some-
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what reduced”’ 30, 34, 35, 38, 97; the most thorough studies are those of Gibson et

al.34’ H The mean plasma volume per kilogram of body weight is usually within

the limits of normal, however, so that the diminution is a reflection of reduction in

total circulating red cell mass.

III. CHANGES IN RESPIRATION

Alterations in Ventilation

The respiratory minute volume is often increased in anemia, even beyond what

might be expected in the presence of occasional elevations of the metabolic

rate8’ 15, 57, 64, 66; some authors have found no striking change in certain in-

stances.23’ 92 Increases in rate and in depth of respiration participate in the elevated

respiratory volume. Although these findings suggest the effects of simple anoxia, it

is clear that other influences operate in patients with anemia.

All authors who have measured the vital capacity in patients with anemia have

found lowered values in many of their subjects.”’ 57. 64, 87 More detailed studies,

involving estimation of the subdivisions of the vital capacity, i.e., the reserve and

coirplemental air volumes, show these to be lowered likewise.64’ 87 The residual air

is increased somewhat.64’ 87 These deviations from the normal are similar to those

observed in pulmonary congestion or edema and denote a loss of elasticity and ex-

pandability. Changes of this type favor the occurrence of exertional dyspnea.

Blood Gases and Their Relation to Dyspnea

Studies of the blood gases in anemia are of importance in understanding the

dyspnea which may occur in this disorder. Arterial anoxia obviously must exist

when the hemoglobin level is reduced. Although some of the earlier observers re-

ported also that low arterial blood oxygen saturation was common55’ 86most work-

ers agree that the saturation is normal in patients at rest.43’ i” �‘‘ � Accordingly

it is apparent that the degree of pulmonary congestion and/or edema present in

severe anemia is not sufficient to interfere with maximal oxygenation of the blood.

On the other hand, during exertion, arterial blood oxygen saturation falls mark-

edly,49 indicating inefficiency of the respiratory mechanisms under conditions of

strain. The reduced oxygen saturation of the arterial blood conceivably might be

due to some qualitative alteration of the hemoglobin in anemia; however, the oxy-

gen dissociation curve of blood from anemic patients is normal at all pH levels

found in man.25’ �

As pointed out above, the tissue oxygen tensions or at least the gradient between

blood and tissues must be greatly lowered. This phenomenon exists in the brain, as
was shown by Himwich and Fazekas48 and provides an additional mechanism for

hyperventilation.

Another group of factors important in consideration of the respiratory dynamics

of anemia is related to peculiarities of carbon dioxide transport in that disorder.

J offe and Poulton5t showed by means of experiments in vitro that erythrocytes are

important in carrying carbon dioxide, and Smith, Means and Woodwell98 further

showed that red cells in vivo may actually carry most of the carbon dioxide given

off by the tissues. Accordingly it is clear that a fall in erythrocyte count must im-
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336 CARDIAC AND RESPIRATORY ADJUSTMENTS IN ANEMIA

pair transport of that gas. There is an apparent contradiction in this concept in the

fact that the whole blood of anemic patients has a carbon dioxide combining power

which is in or even above the upper normal range3’ 19, 23, 51, 54, 79, 98; the car-

bon dioxide combining power is estimated using whole blood, and since each unit

of the blood in anemic patients contains relatively more plasma and fewer cells than

normal, the great carrying capacity for carbon dioxide of plasma as compared to

cells, which exists normally, results in the small increase observed in the whole

blood. However the role of plasma in the transport of carbon dioxide given off by

the tissues may be minor, that of the erythrocytes more important; this is evi-

denced by the fact that plasma and red cells do not participate equally in the

changes to be described.25’ 42 The loss in anemia of much of the buffering action

normally provided by hemoglobin in the red cells and the resultant flattening of

the carbon dioxide dissociation curve7’ 19, 25, 44, 51, 78, 82, 109 is highly significant;

a given amount of carbon dioxide entering the blood causes much greater increases

in carbon dioxide tension and hydrogen ion concentration than occurs when the

blood hemoglobin concentration is normal. Hyperventilation, which makes the ar-

terial blood somewhat alkalotic in patients with anemia,7’ 19, 23, 25, 92 enables the

blood as it traverses the tissues to accomodate this tendency toward acidosis; the

arterio-venous difference for pH is thereby increased3’ �‘ 43, 92 but the pH of the

venous blood,7’ 29 and presumably of the tissues, remains normal.

It has been noted that some types of chronic anemia are associated with less exer-

tional dyspnea than others of the same degree and chronicity but of different types.

Clearly, factors other than those discussed above must be important in this regard.

In addition to hemoglobin, the red cells contain other respiratory enzymes, includ-

ing carbonic anhydrase. The latter catalyzes the reaction HCO3 �± CO2 + H2O in

either direction, depending on concentrations of the substrate materials. Earlier

work with this enzyme tended to minimize its importance in the etiology of dysp-

nea because, according to the methods used in the past, there is such an enormous

excess of this enzyme that it was considered impossible that a deficiency could ever

exist, in the adult at least. There are, however, certain errors in these older methods

which led to the finding of falsely high values in normal blood.72 By the use of a

newer method it has been found that the amount of activity of the enzyme in nor-

mal blood is so small that a decrease, because of disease, would lead to serious im-

pairment of the rate of absorption of carbon dioxide by the blood in passing

through the tissues and the release of carbon dioxide from the blood in passing

through the lungs.72 Several workers52’ 67, 68, 72 have studied the relation between

carbonic anhydrase activity and hemoglobin content of the blood in normal sub-

jects and patients with anemia. It has been found that anemias due to blood loss,

malnutrition, chronic infection, uremia or leukemia are associated with a propor-

tional reduction in blood carbonic anhydrase activity which is parallel to the de-

crease in hemoglobin level.72 Patients with any of these types of anemias, therefore,

not only have decreased oxygen carrying capacity but also may have a deficiency

in ability to take up carbon dioxide from the tissues and to release it in the lungs.

Therefore, not only is anoxia responsible for their hyperventilation and dyspnea on

exertion but carbon dioxide accumulation in the tissues is probably also a factor.
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On the other hand, patients with Addisonian pernicious anemia may have no de-

ficiency in blood carbonic anhydrase activity67’ 68, 72 and consequently suffer from

no impairment of carbon dioxide transport and excretion from lack of the enzyme

itself. The reason for this difference between macrocytic and micro- or normocytic

anemias is not clear.

In summary, the following factors, many of which are closely interrelated, are

operative in the production of dyspnea in anemic patients: the increased respiratory

minute volume, the decreased vital capacity and its subdivisions, abnormalities

in carbon dioxide transport and dissociation, reduced arterial oxygen capacity and

the decreased blood oxygen saturation during effort, the frequently observed ele-

vated blood lactic acid values.

IV. CLINICAL MANIFESTATIONS OF CHRONIC ANEMIA

Cardiovascular and Respiratory Symptoms and Signs in Anemia

With the exception of active rheumatic infection, bacterial endocarditis, pen-

arteritis nodosa, disseminated lupus erythematosis, and advanced organic tricuspid

disease, organic cardiovascular disease does not cause anemia. Various cardiovascu-

lar symptoms and signs occur, however, in the presence of anemia and have at-

tracted the interest of many observers for more than a century. Practically all

investigators have concerned themselves with isolated aspects of the problem. Ex-

cellent comprehensive clinical studies of the cardiovascular system in anemia were,

however, presented by Ellis and Faulkner in 193928 and by Wintrobe”3 and Hunter

in i946,�� the last named also providing an extensive bibliography, which will

therefore not be repeated here. Wintrobe”3 also includes an excellent digest of some

of the physiologic adjustments of the cardiovascular system in anemia.

i. Symptoms. Lassitude, anorexia, dizziness, palpitation and breathlessness on

exertion generally are found in patients with moderate or severe degrees of anemia.

In even the severer grades of anemia, however, breathlessness is rarely present at

rest, and orthopnea and paroxysmal dyspnea are absent. Palpitation likewise is

generally experienced only with exertion and implies an increase in the rate as we’l

as in the force of the cardiac impulse. Anginal pain may occur particularly on effort.

i. Physical signs. Pallor of the skin and mucous membranes, changes in the

tongue and finger nails, and slight degrees of edema, particularly over the sacrum

and lower legs, are characteristic of the anemic state. Increased vigor of arterial

pulsation with a widened pulse pressure was frequently observed by Sharpey-

Schafer97 who also described capillary pulsation in the finger tips. In the severer

grades of anemia, “pistol shot” sound over the larger arteries, a positive Duroziez’s

sign, and systolic murmurs on auscultation may be manifest. The possibility that

these evidences of vasoiilatation may be related not to anemia but to associated

fever or beriberi must be borne in mind.

3. Cardiac enlargement. Bamberger in 18576 and Friedreich in i86i32 commented on

the pathologic findings of fatty infiltration and degeneration, together with dilata-

tion and increased weight of the heart in patients with anemia. Ball5 was the first

to demonstrate an increase in heart size by x-ray measurements with return to
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normal after recovery; this finding has been confirmed by many observ-

ers.28’ 41, 54, 19, 107 Twelve of the 34 patients studied by Hunter54 showed definite

cardiac enlargement during anemia, with return to normal size in all but 3 fol-

lowing appropriate treatment. In some patients with slight or doubtful degrees of

enlargement a decrease in size following disappearance of the anemia was noted.

The reduction in size was always generalized, but in addition any straightening of

the left border which had been initially present was replaced by a normal concav-

ity. Cardiac enlargement tends to occur more frequently in patients with particu-

larly low hemoglobin levels and, according to Hunter,54 there is a decrease in en-

largement when the hemoglobin percentage rises to the levels of 6o tO 95 per Cent,

variation being observed in different subjects. Regression in cardiac size usually oc-

curred early, often within two or three weeks of the beginning of treatment and at

hemoglobin levels still substantially below normal.

Cardiac hypertrophy, however, is also frequently present.’7’ 18, 28, 30, 54, 89, 90

The available data seemingly support the opinion of Porter89’ 90 that primary car-

diac dilatation is a physiologic adjustment resulting from the increased cardiac

output in the presence of a supply of anemic blood through the coronary arteries to

the myocardium. If the anemia is rectified early, dilatation disappears and heart

size returns to normal. If, however, prolonged dilatation continues with stretching

and injury to the myocardial fibers, cardiac hypentrophy inevitably develops.24 The

degree of cardiac hypcrtrophy is usually not marked, but an instance is cited by

Cabot’7’ 18 in which the heart weighed 710 grams in the absence of arterial hyper-

tension and coronary arteriosclerosis; the heart of a patient observed by Porter

weighed 630 grams.89

In general, it may be said that both dilatation and consequent hypertrophy un-

doubtedly occur in patients with anemia, but that there is no direct relation be-

tween the incidence or degree of enlargement and the severity of the anemia. With

the return of the hemoglobin levels toward normal, cardiac size usually returns to

within normal limits, although occasional instances of persistent slight enlarge-

ment may be witnessed. In addition to dilatation and hypertrophy, the anemic

heart muscle undergoes a form of fatty degeneration characterized by yellow streak-

ing (“tigening”) clearly visible on the endocardial surface.

4. Heart sounds. A loud and booming first sound is frequently heard in patients

with anemia, but no direct relation to the hemoglobin level or the duration of the

anemia is apparent.54’ 89, 90 The prolongation and accentuation of the apical first

sound may closely resemble the characteristic first sound in mitral stenosis. The

aortic and pulmonic sounds are usually not altered, but in some patients an addi-

tional third heart sound is heard at the apex. This latter finding has been corrobo-

rated by phonocardiography, and must be considered abnormal since the patients

were over 30 years of age.54 Both the booming first sound and the presence of the

third sound were associated with a moderate tachycardia, and disappeared when

the pulse rate slowed.

�. Cardiac murmurs. That a blowing systolic murmur commonly is heard at the

apex or over the mitral area in anemic patients is generally appreciated. Occasion-

ally, however, such murmurs are heard over the aortic and pulmonic areas, and at
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times they may be rough or even rumbling and may be accompanied by diastolic

murmurs. Attention should be called to the fact that in rare instances a blowing

diastolic murmur may also be heard along the left border of the sternum character-

istic of aortic insufficiency. Most observers have encountered these diastolic mur-

murs only rarely. While Goldstein and Boas39 reported an incidence of 10 per cent of

these murmurs in 39 cases of anemia, these diastolic murmurs occurred only in asso-

ciation with severe degrees of anemia. The blowing apical systolic murmurs tend to

be louder, longer, and less affected by posture and by respiration than the same

systolic murmurs encountered in healthy young persons. They are usually not trans-

mitted to the axilla. When, however, they have a rough, rumbling quality and are

associated with a booming first sound and the slight or moderate cardiac enlarge-

ment seen in the presence of moderate or severe anemia, the differentiation from

structural mitral disease may offer difficulty and, indeed, the distinction may be

impossible. In such unusual instances, decision may have to be deferred until fur-

ther observations are made when the anemia is alleviated.’13

It is of interest, that of the 34 patients studied by Hunter54 while they were mod-

erately or severely anemic and again after treatment, 30 showed cardiac mur-

murs, always systolic in time except in one case which showed an early diastolic

murmur and another a pre-systolic murmur. Six murmurs were described as faint,

i6 as moderate, and 9 as rough. In 2.9 cases, murmurs were heard at the apex, in LI

at the pulmonary area, and in 6 in the aortic area. Twenty had murmurs at more

than one site, i.e., mitral and pulmonary in 14, mitral, pulmonary and aortic in 6.

An apical murmur alone was present in 9 cases and a pulmonary murmur in i. Aor-

tic murmurs were always accompanied by both pulmonary and mitral murmurs.

The louder murmurs were heard in two and often three areas, and the softer in

single areas, generally the mitral. When multiple murmurs were present, they were

loudest at the apex, then in the pulmonary area, and least loud in the aortic area.

The murmurs were usually diminished when the patients were in the erect position,

especially when the intensity had lessened after treatment. In 9 patients the mur-

murs, though not accompanied by thrills, were loud enough to raise a suspicion of
valvular disease, although their distribution made such a diagnosis unlikely. The

two diastolic murmurs, one late or pre-systolic at the apex, and the other early in

the fourth left interspace near the sternum, led to diagnoses of mitral stenosis and

aortic incompetence respectively, until their disappearance with treatment indi-

cated their hemic origin. The incidence of murmurs was not directly related to the

severity of the anemia, for they were often conspicuous when it was slight and

absent when it was considerable. The duration of the anemia seemed more im-

portant.54’ 113 The patients described by Schwartz and Legere96 illustrate in striking

fashion the difficulties which sometimes arise in the differentiation of cardiovascu-

lar changes due to anemia from those consequent to serious organic heart disease.

The wide-spread belief that cardiac enlargement is the cause of hemic murmurs

was not confirmed by Hunter,54 since their association was inconstant, and notice-

able murmurs were heard when the heart was normal in size and occasionally ab-

sent when there was enlargement. It is probable that acceleration of blood flow is

an important cause of the murmurs noted; however, the decreased viscosity of the
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blood which accompanies anemia favors the development of eddies and therefore of

murmurs, as Wiggers”#{176} pointed out.

As mentioned above, cardiac enlargement usually diminishes rapidly while the

murmurs tend to persist over a longer period of time. Treatment usually effects a

lessening in the intensity of the murmur and most murmurs disappear or become

negligible when the blood findings return to normal. In a few instances, however,

such murmurs may persist for several months before disappearing.

6. Tachycardia. Moderate increase in the cardiac rate is nearly always present

with moderate or severe anemia, the rate rising to 90 to ioo. The relation between

the rise in pulse rate and the degree of anemia is variable. In studies on the velocity

of blood flow through the lungs, Blumgart et al.” observed that the pulse rate was

more closely related to changes in the velocity of the pulmonary circulation than

to variations in the degree of anemia. This result is hardly surprising since the car-

diac rate and the velocity of blood flow are both characteristics of the general

circulatory adjustment and as such are more closely related physiologically to each

other than to change in the oxygen carrying capacity of the blood.

7. Arterial blood pressure. In the presence of moderate or severe anemia, a lowered

blood pressure is commonly observed with a subsequent rise as recovery from the

anemia occurs.’5’ 85. 103 Although the � patients studied by Stewart et al.’#{176}3ex-

hibited a rise in arterial pressures amounting in 3 of their patients to as much as

to 8o millimeters and 30 to 46 millimeters of mercury in the systolic and diastolic

pressures respectively, other workers found lesser changes. Similar, though not as

striking or uniform findings, were reported by Brannon et al.,’5 while Bradley and

Bradley’4 found no consistent change. This tendency for the blood pressure to rise

with recovery from anemia occasionally counterbalances the decreased work of the

heart which also occurs at this time due to lessened volume output and velocity

of blood flow during recovery; i t may result in the work of the heart being approxi-

mately the same in some patients during anemia as after recovery.’03 The rise in

arterial pressure which may develop is a reflection of the increase in total peripheral

resistance which occurs when the need for visceral vasoiilatation is no longer pres-

ent as the hemoglobin level approaches normal. The somewhat widened pulse pres-

sure sometimes seen in anemia with narrowing of the span after recovery is in

accord with this concept.

8. Venous pressure. The right auricular pressure in patients studied by Sharpey-

Schafer92 was usually a high normal. A slight elevation was noted in one of �

patients by Stewart et al.’#{176}3while no significant alterations were noted in the other

4 patients. No elevation was found by other authors.38’ 105 Sharpey-Schafer97 be-

lieves that the increased output is achieved mainly by the raised venous pressure, a

concept which requires further verification.

9. Electrocardiographic changes. Numerous studies of the electrocardiogram in

chronic anemia indicate that, while abnormalities occur in approximately a quarter

or more of such patients, they are minor in degree and are not specific for anemia.

Prolongation of the QT interval,’07 flattening or inversion of T in one or more

leads,27 low amplitude,’08’ “� transitory prolongation of the P-R interval,85 depres-

sion of the ST segment28 have been noted. A return to normal of the electrocardio-
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gram was sometimes observed after treatment, although this did not always occur

even when there was no reason to suspect other forms of heart disease. In 2. of the

2.5 patients studied electrocardiographically by Hunter,54 gross abnormalities were

apparent, but in spite of successful treatment of the anemia, the electrocardiogram

was unchanged on re-examination a year later; both patients were in the fifth

decade and the changes may have been consequent to coronary arteriosclerosis or

other lesions.

The possibility of vitamin B deficiency, digitalis administration and, in some pa-

tients, the effect of the disease responsible for the anemia, are difficult to exclude in

some of the reported cases although these factors were evidently ruled out in the

studies by Ellis and Faulkner28 and Hunter.54

The electrocardiographic changes frequently apparent in chronic anemia are simi-

lar to those observed during acute anoxia. That anoxia is an important factor is fur-

ther supported by the frequently transitory character of the changes in moderate or

severe anemia. In some patients, the electrocardiographic changes may represent

the summation of anoxia, coexistent coronary arteriosclerosis, and fatty changes in

the myocardium.

It is not surprising that the effects of anoxia are prone to occur in the heart dur-

ing chronic anemia, for even under normal conditions the abstraction of oxygen

from the blood as it flows through the heart is relatively great. Thus, mixed venous

blood in the right chambers contains approximately i� volumes per cent of oxygen

and, as stated above, this amount of oxygen represents a reserve factor. On the

other hand blood from the coronary sinus obtained in observations in man by

catheterization technics contains only approximately two volumes per cent. The

abnormal reduction of this reserve factor in the heart, the lowering of blood pres-

sure commonly observed in anemia, and the increased work of the heart attendant

to the increased output predispose to anoxia.

Angina Factors and Severe Anemia

Herrick46’ � drew attention to patients with severe anemia who developed an-

gina pectoris, and who experienced relief when the anemia improved; this was

confirmed subsequently by many other investigators.’6’ 20, 27, 28, 54, 61, 85, 18, 111, 114

It is to be expected that in any large series of patients with anemia an occasional

instance of coincidental angina pectoris might be encountered. The fact, however,

that angina pectoris first appears in some patients with the development of severe

anemia and is alleviated by appropriate treatment of the anemia bespeaks an

etiologic interrelationship. Such patients are encountered only occasionally and

are almost always in the age group in which coronary arteriosclerosis is more

common. Cabot’7 and Elliot,27 however, have both reported cases in which no

evidence of coronary artery disease was found postmortem. In most patients of this

type, however, it is probable that the heart is damaged to so slight an extent that

it is able to maintain an adequate blood flow provided that the oxygen carrying

capacity of the blood is normal. In the presence of anemia, however, the increased

amount of work necessary to compensate for this condition cannot be accomplished

readily, particularly since the blood supply to the heart is affected in common with
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that of the rest of the body. Furthermore, the normally large utilization of avail-

able oxygen by the heart predisposes to the induction of ischemic muscle pain in

severe anemia.

Congestive Failure in Anemia

The necessity for the maintenance of the cardiac output and cardiac work at an

abnormally high level for long periods of time, and the delivery to the myocar-

dium of blood deficient in oxygen together favor the occurrence of myocardial in-

sufficiency. Other factors favoring it are present when the patient with severe

anemia also is in the age group in which coronary artery disease and hypertension

occur, as is common in pernicious anemia and anemia due to carcinoma. Nephritic

anemia usually is also complicated by the presence of hypertension. The coexistence

of organic cardiovascular disease, added strain upon the heart due to anemia and

anoxia of the myocardium are especially prone to result in congestive heart failure.

When this syndrome develops the circulatory dynamics change. 97 The right auricu-

lar and venous pressures become elevated, the lungs become more congested, and

the cardiac output, although often stillelevated in comparison to the normal, be-

comes lowered relative to the values which ordinarily obtain with a given degree

of anemia. The arm-to-tongue circulation time in such instances represents the

resultant of two opposing factors, i.e., a tendency toward slowing due to congestive

failure on one hand and toward acceleration due to anemia on the other; it often

lies in or close to the normal range as a consequence. Patients in whom myocardial

insufficiency develops as a consequence of anemia have aggravation of their antece-

dent exertional dyspnea, as is to be expected from the superimposition of the addi-
tional mechanisms favoring dyspnea which occur in chronic congestive failure.2

Such patients are likely to respond poorly to digitalis unless the anemia is cor-

rected. On the other hand, since congestive heart failure develops in patients with

anemia when the heart is less seriously damaged than in those in whom cardiac

decompensation is referable to heart disease alone, the ultimate outlook, assuming

adequate therapy of the anemia, is better in the former than in the latter.

Dyspnea is not necessarily an indication of congestive failure. Dyspnea may be

consequent to anemia per se and as such may be the resultant of the action of a num-

ber of factors, each of which has been discussed above. These include the effect of

low arterial blood oxygen concentrations on the carotid body, the effect of low tis-

sue oxygen tensions directly on the brain, the effect of low oxygen tension in exag-

gerating lactic acidosis on effort, and the effects of impaired carbon dioxide trans-

port; the latter requires arterial alkalosis to prevent tissue acidosis. These

mechanisms all favor hyperventilation and thereby contribute to dyspnea. In addi-

tion the changes in the subdivisions of the lung volume indicative of some degree of

congestion and/or edema point to a pulmonary factor in the genesis of the exer-

tional dyspnea seen in severe anemia. Still another factor favoring exertional dysp..

nea is the high cardiac output at rest which reduces the cardiac reserve available

for exercise. None of these mechanisms is altered by the administration of digitalis

or other forms of therapy directed at cardiac decompensation; they all respond

favorably when the anemia is treated successfully.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/4/329/574266/329.pdf by guest on 19 M

ay 2023



HERRMAN L. BLUMGART AND MARK D. ALTSCHULE 343

As in the case of dyspnea, there is a tendency toward edema formation inherent

in anemia even in the absence of congestive failure. Older clinicians are aware of

this phenomenon and younger physicians still see it occasionally in spite of the

earlier diagnosis and more adequate therapy of anemia which obtain today. Peters

and Eisenman83 in a thorough analysis of the relation of the level of the plasma

protein to edema in various diseases noted that patients with anemia developed

edema at levels of plasma protein well above those seen in other diseases associated

with edema, with the exception of congestive heart failure; these authors were un-

able to explain this phenomenon. The change in capillary permeability noted as

occurring in animal preparations under anoxic conditions69’ 95may have some bear-

ing on the problem. On the other hand, it is to be noted that Strauss and Fox,’#{176}5

in a study entitled “Anemia and Water Retention,” showed that retarded excretion

of sodium, varying in degree with the severity of anemia, was present. A tendency

of this sort toward salt retention suggests the involvement of some renal mecha-

nism, as pointed out by Bradley and Bradley’4 in their discussion of the occurrence

of markedly reduced renal flow in anemia. Many years ago Rowntree and Fitz94

caused salt retention in animals by inducing renal vascular stasis. It is clear that

edema may occur in anemia even in the absence of congestive heart failure. The

edema of anemia, like the dyspnea of anemia disappears when the anemia is cured.

When exertional dyspnea, edema and the commonly occurring hepatomegaly of

severe anemia occur together, the diagnosis of myocardial insufficiency suggests

itself.However, the absence of venous engorgement and more especially of orthop-

nea contradict that diagnosis. Absence of cyanosis is not helpful, for as Lundsgaard

and Van Slyke7T showed, it is impossible for cyanosis to develop under any circum-

stances in patients with less than five grams per cent of hemoglobin.

V. SUMMARY

The cardiac and respiratory adjustments in chronic anemia and their clinical

manifestations have been reviewed. When the oxygen carrying capacity of the

blood is diminished, an adequate supply of oxygen to the tissues is maintained by

an increased cardiac output, an increased velocity of blood flow, and a relatively

more complete abstraction of the oxygen from the blood as it passes through the

capillaries. With the increased blood flow, the average peripheral resistance is de-

creased but the state of the small blood vessels is not uniform everywhere; the

blood flow in the hands and kidneys, for instance, may be reduced, while that of

other parts of the body is increased. The total oxygen consumption of the body in

anemia is not strikingly altered. The blood volume generally is slightly reduced but

the plasma volume is normal.

The deviations from the normal values vary from patient to patient, but generally

are definite when the hemoglobin values are less than 50 per cent and are greatest at

the lowest levels of hemoglobin concentration.

The close interrelationship between the cardiovascular and respiratory systems is

exemplified by the coincident changes in the respiratory system in anemia. The rate

and depth of respiration often are increased together with a lowering in the vital

capacity and its subdivisions, the reserve and complemental air volumes. The resid-
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ual air is somewhat increased. These deviations from the normal are similar to

those observed in pulmonary congestion or edema and denote a loss of elasticity

and expansibility favoring the occurrence of exertional dyspnea. The arterial blood

saturation is usually normal at rest but, during exertion, a significant lowering be-

comes apparent.

The importance of hemoglobin in the transport of carbon dioxide is reviewed;

the decreased availability of hemoglobin as a buffer in carbon dioxide transport in

anemia is compensated by the increased ventilation of the blood in the lungs, ren-

dering the arterial blood somewhat alkalotic. The red cells also play an important

role in regard to the respiratory enzyme, carbonic anhydrase. In the anemias due to

blood loss, malnutrition, chronic infection, uremia, or leukemia, the blood car-

bonic anhydrase activity is parallel to the decrease in hemoglobin level leading to a

deficiency not only of oxygen carrying capacity but also a decreased ability to ab-

sorb carbon dioxide from the tissues and to release it in the lungs. The following

factors, many of which are closely interrelated, are operative in the production of

dyspnea in anemic patients: the increased respiratory minute volume, the decreased

vital capacity and its subdivisions, the abnormalities in carbon dioxide transport

and dissociation, the reduced arterial oxygen capacity and the decreased blood oxy-

gen saturation during effort, and the frequently observed elevated blood lactic acid

values.

The symptoms and signs exhibited by anemic patients, including palpitation and

breathlessness on exertion, tachycardia, cardiac dilatation and hypertrophy, are de-

scribed. In addition to an apical systolic murmur, other systolic and diastolic mur-

murs are occasionally heard. The arterial blood pressure is frequently lowered in

anemia; the venous pressure is generally within the limits of normal. Electrocardio-

graphic abnormalities occur in approximately one-quarter of anemic patients but

are minor and not specific in character.

The occurrence of angina pectoris, congestive failure, and intermittent claudica-

tion in some patients with the development of anemia, and disappearance of these

conditions as the anemia is alleviated, is discussed with particular reference to the

underlying physiologic mechanisms.
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