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CHAPTER I

m m o D u c r i o u

At the present time there is shown much interest in the 

red cell and plasma volumes in different clinical conditions. 

This paper represents, first, an investigation of the Evans Blue 

cfero (T-182U) method of determining the blood volume; and, second, 

an application of this method in the study of the changes in the 

red cell and plasma volumes following transfusions, and blood 

volume changes in congestive heart failure.

The first three chapters consist of a review of the dif

ferent methods used in the determination of plasma and red oell 

volumes, and a discussion of Evans Blue dye. Because of their 

importance, a rathor comprehensive report is mad© of the fate 

and the disappearance of T-182L in the circulation*«

The accuracy of the Evans Blue dye method is subject to 

criticism and In Chapter 17 on attempt is made to carefully re

view the critical observations reported in the literature.

An evaluation of the reliability and value of the Evans 

Blue dye method of determining blood and plasma volume la the 

objective of the first four chapters. This is followed by a re

view of the results obtained by various investigators cm normal

«Throughout the paper, Evans Blue dye will be referred to as 
T-182h# Evans Blue dye, or simply as the dye.
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Individúale with single and repeated determinations« The effect 

of the physical agents, temperature and activity is also dis

cussed.

In Chapters VII and VIII, there is presented the method 

employed in this investigation and the results obtained on 

hospitalized patients. A check is made on the amount of dye 

retained in the syringe «id its effect on the resulting plasma 

volume. The reliability of the method is investigated by re

peated determinations on the patients.

An examination of the literature reveals extensive In

vestigations of the changes that appear in the plasma and red cell 

volumes following hemorrhage. Numerous researchers have studied 

the effects of injections of plasma, serum albumin, saline, and 

water solutions on the plasma and blood volumes. However, there 

is found very little wi ittan on the changes in the blood volume 

following the administration of transfused whole blood* The 

importance of this can be well appreciated by an examination of 

the uncertain approach to the use of transfusions in the treatment 

of bleeding peptic ulcer evidenced by numerous publications on 

tills subject in medical literature* A study of the plasma and red 

cell volume changes with transfusions and the results Is described 

in Chapter IX.

With the recent development of practical methods of de

monstrating the blood volumes in man, research was initiated in 

the investigation of the plasma and blood volumes in congestive
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heart disease* The values obtained were used in an attempt to 

further clarify the abnormal physiology of cardiac decompensation • 

However, the results have proven to be quite variable and are 

reviewed in the first portion of Chapter X* Following this are 

the results obtained In an investigation of the plasma, red cell 

and blood volume determinations in a group of cardiac patients. 

Repeated volume determinations were made in the patients when they 

were in the congestive and compensated phases of cardiac failure. 

Tim aim of this investigation was, first, to find if the plasma 

and blood volume were increased in cardiac congestion. Secondly, 

the objective was to investigate the plasma volume, red cell 

volume relationship as it was determined in patients under therapy 

with mercurial diuretics to a compensated state, and to observe 

the relationship of the plasm volume to the red cell volume. The 

plasma-red cell ratio was studied because of the hemoconcontration 

that may result from dehydration due to the marked diuresis result

ing from mercurial diuretics. The hemoconcentration with its at

tending increased viscosity of the blood is being recognized as a 

possible factor in the development of thromboembolic phenomena 

occurring with rapid diuresis in the treatment of congestive heart

failure



CHAPTER II

METHODS USED IN THE DETERMINATION OF 

BLOOD AND PLASMA VOLUME

Historical Methods 

In 1616, Harvey wrote;

It is proved by the ligature that there Is a transit 
of blood from the arteries to the veins, whereby It Is 
demonstrated that a perpetual movement of the blood In a
circle Is brought about by the boat of the heart, (1)

With this observation that the blood la confined within 

a closed circuit, men sought knowledge of the amount of blood 

within the bodies' of animals and limans*

From 1700 to the middle of the nineteenth century estima

tions were made by measuring the weight of the blood lost from 

the bodies of animals and men who bled to death. In !8£h, Welckor 
(2) hemorrhaged animals, washed out the blood vessels with water, 
minced and washed the tissues, brought the blood and tissues to

gether, and determined their hemoglobin content. He concluded 

that the blood constituted 1/13 of the body weight in mamals, 

Bisohoff, using the Welcker method on two condemned criminals, 

found the blood weight to be 1/12 and l/lh of that of the body. (3) 
The value of 3/L3 of the body weight representing the 

amount of blood in the circulation was accepted as the normal value 

until 1899, At that time Haldane and Smith (L) determined the 

blood volume by giving humans a measured amount of carbon monoxide
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by inhalation* By determining the per cent of hemoglobin thioh 

had become saturated with CO, the blood volume could be calculated. 

This was the first clinical method to be used satisfactorily with 

man. However, in their Investigation the mixing time of two to 

three minutes was too short, the source of light for use in their 

colorimeter except for sunlight gave erroneous values, and their 

results varied considerably.

Behring (5) in 1901 noted that tetanus antitoxin remained 

in the circulation for long periods and used this for a basis of 

determining blood volume. This was also demonstrated by Kammerer 

(6) in 1906, and Freis (7) in 19U# Their results varied from 

1/10.2 to 1/12,6 of the body weight.
Table 1 outlines the various methods used up to 1912.

The Use of Vital Byes

In 1915# Keith, Towntree, and Geraghty (8) investigated 

the use of Vital Red <$re (disodium disulphonaphthol aaotetramethyl 

triphenyl methane) in the determination of the plasma volume.

Their results compare favorably with those reported by more recent 

procedures. However, the Vital Red disappeared rapidly from the 

blood stream after ten minutes. The mixing time was believed to 

be within two minutes which is too short. They observed an average 

of approximately j50 cc. of plasma per kilogram of body weight which 

has since been discovered to be high. Their value of 85 cc. of 

blood per kilogram or 1/1 1 .1 of the body weight compares favorably



TABLE 1

METHODS OF SECURING BLOOD VOLUMES FROM 1770 TO 1911a

Author Method

Haller (1770) Bled to death; weight of the blood.

Welcker and 
Beschoff (1858)

Bled and washed out vessels of criminals. 
Compared with hematin.

Tarchanow (1881) Sweating and counting R.B.C. and Hb. before 
and after steam bath.

Vierordt (1858) No. cc. put out by heart multiplied by No. 
of seconds for complete circulation.

Weber and 
Lehman (1850)

Infused water, washed out vessels, determined
dry substance of blood.

Haldane and 
Smith (1900)

Carbon monoxide method. Titration with 
carmin solution.

Kottman (1906) Infusion of salt solution. Hematocrit before 
and after.

Smith (1900) Carbon monoxide used. Carmin titration.

Oerum (1908) Carbon monoxide used. Carmin titration.

Plesch (1909) (1) Infusion with Hb. determinations.
(2) CO inhalations with combustion.

Kämmerer and 
Waldman (1906)

, *
Behring method.

Fries (1911) Behring method.

a. From Keith, Rowntree, and Geraghty (8)
b. cc. per 100 grams of bocfor weight



TABLE 1-~Continned

No. of
Cases

Extras»
Fractions

Aver- 
*S®..

"% Boc&r 
Weight Remarks

2 20—30 lbs. blood. 
Weight not given.

3 l/lii.6-1/12 »it 1/13 7.6 Accepted standard 1858 to 1881.
7 1/11.7-1/21.6 1/15 6.6 '

1A3 Worked on horses and 
dogs. Error 12$.

2 1/8 12.5

12 1/30-1/16
'|

1/21 3,3k to 
6.27

U 1/11.5-1A 3 1/12.2 8.2

18 5,0*

13 5.02b
21
U

1/21-1/16
1/20-1A6

1/19
1/18

5.32 
' 5.52 15$ error

7 1/11.1-1/9,3 1/10.2 9.8

10 2/17.5-1/11 1/12.6 7.9 Other patients gave 
similar results.
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with later studies.

The use of Vital Red dr® was followed by the introduction 

of Congo Red by Harris (9) in 1920, and Griosbaok (10) in 1921. 

Technically, this gave false values as the dye dissolved in the 

water used as a standard resulted in a different light absorption 

than that of the dye in the blood plasma. The rapid disappearance 

of the dye from the blood accounted for many errors*

The use of the red dyes, though extensive from 1920 to 

1937, was plagued by the common disadvantage that it was extremely 

difficult to allow for any hemolysis. Various technical pro

cedures were developed to secure hemolysis free samples. The 

period of time allowed for mixing of -toe dr®®, on® to six minutes 

was too short, and the colorimeter used did not give m  exact 

determination of the df© (11).
Svams, who had worked with Keith and Rountree in the 

original investigation on vital dyes, studied 60 different dyes 
with Dawson and Whipple (12). Besides 'the red <̂ res which wore 

slowly eliminated from the blood, they described several vital 

blue d7®=. These had the advantage of being easily discomable 

in the presence of hemolysis. The more important of the blue 

dree were Evans Blue (T-182U), Niagara Sl<y Blue (E-1821), Trypan 

Blue (T-1836), and Niagara Sky Blue (D-I836). These structurally 

related dlaao dyes wore found to be firmly bound to the albumin, 

Evans Blue was observed to have the advantage of being more firaly 

bound and had the slowest disappearance rate from the blood stream.



9

In 1935# Oregersen, Gibson, and Stead (13) published 

a method using Evans Blue dye In the determination of blood and 

plasma volumes using the photoelectric colorimeter. From this 

foundation there has developed an extensive study up to the 

present time. This method is easily applied to clinical use*

The extent to which it may be extended to clinical problems is 

far from exhausted. It la a method not free from criticism.

These will be discussed in a later section.

The Use of Radioactive Isotopes in the 
Determination of Blood Volume

With the development of radioactive isotopes, methods 

were utilised for their use in the demonstration of the plasm 

and blood volumes. Hahn and Hevosry (lit) in 19l{0 used radioactive 

phosphorus (?32)e The isotope was injected into rabbits where it 

combined with the red cells and then by transfusing these cells 

into other rabbits it was possible to determine toe red cell vol

ume. In 191*2, Sievesy and Zerahn (15) incubated blood with radio

active phosphorus. The red cells became marked. Tills had the 

advantage of being able to use the recipients* own blood, but a 

source of error arose in that there was a transference of p32 

in the blood stream to untagged cells and toe plasma. However, 

a constant level of activity was found to be maintained for a 

minimum of one hour after toe injection. (16) The mixing time 

for the tagged red cells has been found to range from one to three
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minutes. As recommended by Reid and Orr (17) In 19*33, a simplified 

method consists of incubating red cells with p32 at 37°C for thirty 

minutes, then centrifuging for thirty minutes followed by washing 

with saline. This is repeated three times. The cells arc then 

injected and samples of blood are withdrawn at fifteen and thirty- 

minute intervals. The radioactivity Is measured in a Lusteroid 

cun by means of a Geiger counter, This method gives comparable 

results when checked against other investigations where the radio

activity is determined with wet ashed samples.

Radioactive iron has been used in the fora of two isotopes, 

Fe55 (half life of five years), and Fe^9 (half life of forty-seven 

days) * At tho present time tiro only method of obtaining radio

active Fe tagged red cells is by the injection of tho isotope into 

the body where the iron Is used in the synthesis of hemoglobin and 

thus becomes attached to the erythrocytes, Donor blood must then 

bo used in the determination of the red cell volume, Hahn (18) 

first measured the red cell volume in 19ij2, using dogs as subjects. 

Gibson, Peacock et al. (19) did the first investigations on humans 

(medical students). The use of radioactive iron has the dis

advantage that donor red cells must always be used. The preparation 

of blood samples for radioactive analysis la complicated, the red 

cells must be wet ashed, and the iron precipitated. The iron must 

then be redissolved and electrolytically deposited on copper discs 

in a specific apparatus before activity can be measured. In 

separating the various iron isotopes, technical difficulties arise
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and some long life isotopes remain in each preparation (20).
In 19h3t Seligman and Fine (21) prepared plasma protein 

from amino acids containing radioactive sulfur# This proved 

difficult as toe sulfur could be obtained only occasionally and 

in small amounts. With radioactive sulfur, 90 per cent of toe 

protein was circulating five hours after injection and per cent 

after forty-eight hours#

Because of its eaqy preparation, Seligman and Fine also 

utilised radioactive bromine tagged plasma. The results in the 

determination of toe plasma volume proved quite variable, depend

ing upon the degree of dénaturation of the protein# Due to the 

unreliability of the disappearance of bromoprotein from the cir

culation, and the impossibility of preparing radioactive bromo

protein of constant bromine composition, it was necessary to 

use oontrois in each experiment.

Crispell, Porter, and Nuaet (22), and Wish, Farth, and 

Storey (23) nado special studios in 1950 of the plasma volume 
using human serum albumin tagged with radioactive iodine (r^l).

The tagged albumin was prepared by combining 1 co. of radioactive 

iodine with salt poor htaaan serum albumin (Cohen’s Fraction)•

The determination of the radioactivity of blood samples is carried 

out on samples dried at 70°C in standard sample pans with filter 

paper on the bottom. The mixing time of too iodo-albumin was found 

and varies from one to three minutes. It maintains a constant 

level for x.en to twenty-five minutes and thereafter it falls vezy
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slowly. Repeated aerial determinations give values which check 

within a range of 2 per cent.
Radioactive chromium (Cr^*) has been used by Gray and 

Sterling (21*) in the determination of the red cell and plasma 

volume. The anionic hexavalent fora, exhibits a marked

affinity for the erythrocytes, more than 90 per cent being attached 

to the cell within two hours with no significant loss to the plasma 

for one to two days. Serial determinations were in agreement within 

$ per cent. The cationic trivalent form, Cr&Cl, upon injection 

becomes attached to the plasma protein to the extent of 80 per cent. 
It has a disappearance curve approximately parallel to that of 

radioactive bound iodine. It can be used in the determination of 

the plasma volume but with variable results.

Miscellaneous Methods

Moore, Shadle, and Lawson (25) investigated the use of

rctheaoglobin tagged red cells in 1%8 in the determination of the 
rad cell volume.

In 1919# Ashby (26) determined the survival of erythrocytes 

ty transfusing them into recipients of blood groups other than the 

donor. 2y  allowing the recipients« cells to agglutinate, the donor 
cells could be studied. This procedure was utilised 'ey Barnes,

Loutlt, and Reeve (27) in the determination of the red cell volume.



CHAPTER III

DBmHIHATICH OF PLASMA VOLUME 

WITH EVANS BLUE DTB

Chemistry

Evans Blue Eye (T-182U) is obtained by combining in 

alkaline solution one molecule of o-tolidine with two molecules 

of 1*8 amino naphthol 2~h disulphonio acid (28)» The formula is

N = ^  ^

CH< CH,

The dye was first investigated by Dawson, Evans, and

♦hippie (12)• They recommended its use in clinical work after

comparison with sixty other vital dyes. The molecular weight is

960» Gilder, Muller, and Phillip® (29) state in vitro the dye

is irreversably reduced to a colorless substance.

The dye may be obtained iron the following manufacturers!

British Drug Houses 
Imperial Chemical Industries 
Eastman Kodak Company 
National Aniline Division of the Allied 
Chemical and Eye Corporation 

William R, Earner Coripary

Colored impurities nay be present in commercial preparations. 

According to Noble and Gregersen (30), the purest dye Is that obtained 

from y a mor’s.
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Toxicity

No cases of toxicity in aan have been reported in the 

thousands of cases it has been used, The dye imparts a bluish 

tinge to the skin and sclera after repeated small injections, 

Gregersen (31) observed that a single dose of 25 mgn. in one 

injection may result in a faint blue pigmentation, Jacobson (32) 

reported a purpuric rash which appeared nine days after Evans Blue 

dye and pectin were given simultaneously in five patients. The 

five received subsequent injections of pectin alone with no com

plications, Perhaps the dye and pectin united in some way to 

produce the reaction, Evans and Gibson (33) injected 250 ngn. 
intravenously into a clog (20 ragn./kg* of body weight) and the 
animal died ten days later. On autopsy no cause for his death 

could be discovered* Bmuschwig, Schmits, and Clarke (3h) have 

found that a dose of 100 rag». per kilogram of body weight to be 
lethal in sane cases after injection in rats.

Dosage

The dosage varies according to the use of the Evans Blue 

cfye. In experimental work on animals, the dosage may be adjusted 

to give a suitable strength of color in the plasma for accurate 

determinations. In humans the vital staining of the skin and 

sclera raises a complication. The use of repeated determinations 

with 25 agsu will cause distinct blue staining of the skin and
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solera. The oomoroial ¿fere prepared by Warners Is distributed 

In ampules containing 25 mgm. This is the dose commonly used In 

clinical work. With experimental studies, a lower dfose Is usually 

utilized, ranging from 0.15 to 0.3 mga. per kilogram of body weight. 

But even with mailer volumes of <fere, Feldman and Kurphy (35) noted 

blue pigmentation upon repeated Injections. The discoloration 

usually lasts several weeks told then fades slowly.

Reaction of Evans Blue
lye in the Blood Stream

Grogersen and Sohlro (36) believed that Evans Blue cfero 

united with the albumin of plasma, protein In tholr early Investi

gations. Electrophoretic studies by Rawson (37) In 19U2, deraon-
i

stratod that Evans Blue, Niagara Sky Blue, and Trypan Blue (feres 

in the serum or plasma are wholly bound by the albumin fraction 

when they are present in a low concentration. This concentration 

was about O.OOlt per cent or less. Above tills they are not completely 

bound. The evidence indicates that each mole of albumin can bind 

a maximum of eight to fourteen moles of T-1321*. Rawson demonstrated 

by ultracentrifugation of cfered serum albumin (one mole to five moles 

of Evans Blue) that the cfero came down with the albumin, the super

natant remaining colorless. Using cellophane strips, Grogersen 

and Rawson (38) found the ¿fere to be firmly bound in the plasma.

They also noted that the disappearance rate of Evans Blue cfere during 

the first hour was a measure of the rate of disappearance of tire 

circulating albumin. LeVeen and Fishman (39) in 192*7» demonstrated



that T-182U famed a discoid complex with plasna protein. This 

was not specific for albumin as they believed it could also unite 

with all of the globulin fractions. However, in its clinical use 

they considered, most of the dye to unite with the albumin. Greger- 

son and Schiro (35) found that coagulation had no effect on the 

concentration of Evans Blue in the serum and, therefore, considered 

that it did not unite with either the fibrinogen or fibrin* By 

centrifuging samples of dyed blood, they discovered about U per 

cent of the dye to fail to appear in the plasma. But this fraction 

of the <̂ re was shown to merely be trapped in the cell residue with 

its attached albumin and plasma and was not taken up try the erythro

cytes. In 19h0, Abell (igO) by moans of intravital microscopy, using 

rabbits injected with large doses of the dye, observed that the 

leukocytes developed a faint blue color. The red cells were un

changed.

Fate of Evans Blue lyo in the Body

The color intensity of the t$re is such that a distinct 

blue tinge is imparted to aqueous solutions In dilutions as high 

as one part in 2,000,000* But Evans and Gibson (33) found no 

evidence of the dye in ascitic, pleural or subcutaneous fluids*

The mixing time of radioactive iodine tagged plasma (23), untagged 

plasma (hi), red cells tagged with radioactive phosphorus (h2), 
or with F@55 (Zi3) has been shown to vary from one to three minutes. 
The mixing time of Evans Blue dye as demonstrated by Noble and

16
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Gregerson (30) ranges from seven to fifteen minutes* The average 

mixing tiro for the dy® in normal individuals is considered to be 

approximately ten minutes* The cause of this delayed mixing of 

T-182U has boon laid to many sources. Ferrebee, height» and Ber- 

linger (bit) observed that the dye appears in the lymph in dogs 

sometime during the first hour but that very little appeared before 

twenty minutes« There has been shown no evidence that there is a 

passage of the dye into the lymphatics immediately after its in

jection to cause a delay In the mixing curve* Bras and McHastor 

(Zi$) injected mice with Evans Blue dye combined with protein 

(various serum proteins and also egg albumin)* The protein bound 

dye was taken up principally ty the macrophages of the reticulo- 

endothial system in moat every organ of the body» particularly the 

Kupffor cells of the liver and the sinuses and reticular cells in 

the lymph nodes* It was stored within the cytoplasm only and 

never seen In the nuclei, or in cells of the brain* When the dye 

alone was injected, a visible escape of color from the vessels 

appeared within a few minutes* This was not seen with the injec

tion of the protein bound dye* They found the dye to be well 

mixed in two to thro© minutes but this was followed by rapid 

removal by the macrophages* However, they were unable to explain 

the appearance of the dye on postmortem studies in other organs 

not part of the reticuloendothelial system, Lawson, Overbey, Moore, 

and Shaddle (hi) using aplenoctoraised, barbitalised dogs found the 

mixing time of injected undyed plasma to be under five minutes,
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usually about three minutes. However, the injection of cfered 

plasma resulted in a mixing time paralleling that of injection of 

cfcre alone. They ascribed the rapid disappearance of the Injected 

dye beyond the first throe to five minutes to be due to passage 

outside the plasma compartment. This was the same reasoning post

ulated hy Wish, Farth, and Storey (23) using radioactive iodine 

bound plasma and T-1821** Cruickshank and Whitfield (1*6) considered 

the initial rapid loss of dye from the circulation to be due to 

absorption by the reticuloendothelial system. They postulated 

that by saturating the reticuloendothelial system with a previous 

injection of dye or India ink, this absorption could be blocked. 

Experimental evidence fcy them supported this view but it could not 

be confirmed by Bonnycastle (U7), Overbey, et al. (1*8), or by 

Campbell, Sokeclchul, and Penman (1*9). LeVeen and Fishman (39) 

in 19U7, demonstrated that the dye could be bound ty the tissue 
proteins. They hypothesized that the dye immediately after injec

tion migrated across the capillary walls and was fixed by the 

tissue proteins. When the proteins had become saturated the pass

age from the circulation ceased. This is shown in the diagram 

below.
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Bvtme Blue dye la found In the liver cells end perioaplllaiy 

extra vascular tissues a few minutes after Injection* With the use 

of cellophane strips, Price and Longmlr® ($0) demonstrated the 

presence of the cfcro In the bile thirty minutes after Injection,

This reached maximal concentration during; the second hour. The 

absorption by tiro cellophane strips is considered due to the sep

aration of the albumin from the dye in the liver. Under normal 

conditions no dye has been found in the urine,

Evans Blue Eye in the- Body 
Under Abnormal Conditions

Evans and Gibson (33) observed that when the peraabllity 

of the endothelium of the capillaries is altered, as in infection, 

the dfere loaves the circulation. It Is found in toe exudate in 

areao of Inflammation on the body surface, or in the exudate of 

peritonitis. In nephrotic kidney* with albuminuria, the dye can be 

demonstrated in too urine. It is seen in toe serous exudates of 

burns, Noble and Qregorsen (30) found a prolonged mixing time in 
cases of shook due to a Sluggish circulation but did not note any 

increase in the escape of the dye from toe blood. Moore, Tobing, 

and Aub (51) found that tumors may appear by coloration to have 

taken up large amounts of Evans Blue dye in a highly selective 

fashion. They speculated that tumors with large amounts of connec

tive tissue stroma might be expected to take up more c|ye due to 

the presence of more phagocytes. But using radioactive di-brrn
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Evans Blue revealed a widespread gradual uptake from the blood 

stream by many tissues and organs. The uptake by tumors of the 

radioactive dye did not appear as selective as whan judged by 

tinctorial methods due to the fact mazy tumors were very white.

In doge rendered edematous by plasmapheresis by Evans and C-ibson 

(33)# no evidence of the cfcre was found in the edema fluid.

Mixing Time

By securing simultaneous samples of blood from multiple 

sites in the vascular tree at stated intervals immediately after 

injection, the mixing time of Evans Blue <fye can be determined.

As was stated above, this has been found to be delayed In comparison 

with the injeatlon of tagged red cells, radioactive tagged plasma 

and unbred plasma, Cruckrihahk and Uhitofiold (Z*6) found the mixing 
time to be within one minute in oats. Working with dogs, Gilder, 

Muller, and Phillips (29) secured simultaneous samples from veins 

in tiro hind leg, forearm, jugular vein, and the portal vein. Tiro 

concentration of the c%re was found to be Identical In all samples 

in five minutes. In humans, Gibson and Evans (52), and Orogereen 

and Stewart (53), concluded that a minimum of six and a maximum of 
twenty minutes are required for complete mixing# The average mixing 

time in their studies was from six to ten minutes, Campbell, Sokeol- 

chul, and Penman (b9) In six young normal adults found almost iden

tical concentrations from both anti-cubital veins in tun minutes. 

Gibson and Evans (52) in 1937# observed an average mixing time of
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7*5 minutes in thirty-one humans. Noble and Gregeroen (30) made 

seventy«ono determinations on fifty-ono normal males and observed 

an average mixing tine of 8,9 minutes# In forty-seven patients 

who had suffered trauma but were not in shook, the mixing time was 

7»U minutes. In twenty-two oases who had recovered from shock, the 

time interval averaged seven minutes, With dogs, Miller (5U) con
cluded that the mixing of dye occurs In two phases. The first 

portion, which is completed in six minutes, he believed represented 

mixing of the dye in the circulating plasma. The second phase, 

which was completed in thirty to fifty minutes, was thought to 

reflect the diffusion of the dye into “non-circulating plasma". 

Lawson, Overbey, Hoore, and Shaddlo (i*l) with unbred plasma, and 

Wish, Fartii, and Storey (23) using radioactive tagged plasma could 

demonstrate no evidence of delay of nixing due to the presence of 

" non-circulating plasma". In normal individuals, the mixing of 

dye is considered to be complete in ten minutes and this figure is 

used In olinloal studies*

Tho mixing time is correlated to the circulation tine.

It has been shown by Gibson and 3vans (52) to average six minutes 

in cases of thyrotoxicosis in which there is on increased circula

tion time. In shock, Noble and Gregeroon (30) have demonstrated a 

delayed interval averaging fourteen minutes, Gibson and Svans (52) 

observed a mixing time of thirteen to fifteen minutes in patients 

with congestive heart failure*
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Disappearance of Evans Blue 
Eye frora the Ciroulation

Once mixing of the dye has been completed, the dye 

concentration in the blood slowly decreases. This decrease or 

the disappearance rate of toe dye was believed try Gibson and 

Evans (52) to approximate about 6 por cent during the first hour 
after injection, but this decreased to about 2 por cent after 
twenty to twenty-four hours. They considered toe disappearance 

of too dye to be a linear function of time. By extrapolation of 

toe concentration values back to aero time or the exact instant of 

injection, they postulated that the concentration of the dye could 

be obtained at that Instant if too whole amount of toe dye had 

been mixed instantaneously and none removed frora the circulation. 

Price and Langmire (50) in experimental studies on dogs found 

that for at least six to eight hours after injection the dye dis

appeared at a constant logarithmic rate. King, Cole, and Oppen- 

heimer (55) evaluated the linear disappearance described by Gibson 

ana Evans and discovered the relationship not to be linear. They 

showed that the linear extrapolation method (LB!) would give vari

ous concentrations at zero point depending upon which point of the 

curve had been used. The earlier the portion utilised, the higher 

tiie concentration value that would be obtained* In one hundred 

experiments on healthy animals, they demonstrated a disappearance 

rat© which was proportional to the square root of too time after 

injection. This resulted in a straight line from five to eight
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minutes after injection up to twenty-four hours* The relationship 

between concentration and time remained linear even with moderate 

aotivit7 on the part of the animals. They thus extrapolated back 

to aero time with this projection, a method which they designated 

as the root extrapolation method (REM). Oregerson and Rawson (38) 

in 19U2, found that both the disappearance curves of O !  and REH 

were erroneous in that they were not linear« In their investigation, 

the straight« $t projection was one based on a semi-logarithmic 

rate which resulted In a linear line whether the concentration 

values wore taken either early or lata after injection* Overbey, 

Moore, ghaddlt^ and Lawson (UB) did not secure a truly exponential 

rat© of disappearance earlier than, three hours after dye injection. 

They recognised three phases of dye disappearance* (1) an initial 

rapid disappearance phase lasting approximately one hour in which 

the logarithin of the dfym concentration is a linear function of the 

logarithim of tine, (2) a transition phase lasting one to three 

hours, (3) an exponential phase in which the logarithin of dye 

concentration is linear fmotion of time.

Price and Longmir© (50) demonstrated in dogs, a disappear

ance rate of Evens Blue dye to vary from 3-2 to 11*8 per cent with 

a characteristic rate for each animal* On fifty-one normal humans, 

Noble and Oregereon (30) found a rate of 5*2 per cent during the 

first hour, while Gibson and Evans noted a loss of 6 par cent during 

this time*

In patients who have undergone extensive trauma, Noble and
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Gregorsen (30) observed a disappearance rate of 8.6 per cent 

whether or not they were In shook. However, in cases of burns, 

the rate was 13.1* per cont.

Determination of the Plasma Volume Value

The plasma volume may be obtained from a single sample of 

blood taken a definite time after dye Injection, or It may be 

determined by using the concentration value at aero time secured 

from extrapolation from the concentrations of multiple samples 

taken at intervals after Injection.

Gibson and Evans (52) In 1937# used the linear extrapolation 

method In securing, accurate determinations of the plasma volume.

But they stated that single repeated determinations would reliably 

measure changes of clinical significance. Price and Longmiro (50), 

Oregersen and Rawson (38), and Gregersen and Noble (30) used semi- 

logarithmic extrapolation. King, Colo, and Oppenheimer (55) extra

polated the concentration values back to aero time utilising the 

projection of the square root of time in the calculation of plaeana 

volume.

Hopper, Tabor and Winkler (56) felt that the extrapolation 

methods were quite arbitrary, subjected to errors from multiple 

sampling. They demonstrated that the ten minute determinations 

gave higher plasma volume values than did the extrapolation methods 

since the latter used a calculated figure for the aero concentration 

of the dye which is higher than that obtained after ten minutes.



In either procedure, they found errors ranging from 3 to U per 

cent« However, In one-half of the determinations, the two methods 

gave virtually Identical results but varied In the other 90 per 

cent. Perera ($?), Cohn and Sehoek (58), and Noble and Gregersen 

(59) used the ten minute single determination In clinical investi

gations. Noble and Gregersen In comparing the extrapolation method 

with the single ten minute determination found that in cases where 

there was correction for fluid shifts, the ten minute value was on 

the average 1.2 per cent greater. In cases of shock, the single 

determination gave a result 0.5 per cent higher than did the extra

polation method. Campbell, Sokelchul, and Penman (1$) came to the 

conclusion that the ten minute single sample Is very accurate and 

If used constantly will give constant values; that the use of dis

appearance curves with backward extrapolation to aero time will 

give more reliable results. Gibson and Evans (60) in a clinical 

study of the plasm volume used only the one determination. Von 

¡orat (28) considered the extrapolated concentration value to be 

more exact and to give values 1 to 2 per cent lower than using sin

gle determinations. But he also believed that this did not give 

truly accurate results and found it to be time-consuming and trouble

some for the patients.

An Indirect method for the determination of the plasm vol

ume was described by Gibson and Evans (52) in 193?« They made an 

injection of the tfcre twelve hours In advance and followed the con

centration values by repeated sampling. Changes in the concentration

25



values due to fluid shifts with changes In the plasma volume were 

then observed.

The Initial determinations with dre methods of demonstrating 

plasm volumes were done with vital red, A simple colorimeter m e  

used to determine the dye concentrations in the plasma. They were 

examined against standards containing known mounts of dye. The 

disadvantages of the vital red were overcome by the substitution 

of T-182U, The personal equation of the simple colorimeter was 

eliminated by the photoelectric colorimeter which was adapted by 

Gibson and Evelyn (61) in 1938»

Evans Blue <fye has a maximum light transmission at 620 

millimicrons (filter #620). A filter with a maximum transmission 

at 5b0 millimicrons is used for the correction of hemolysis In 

plasma samples.

Galvanometer readings (G) are converted into so-called L 

values which are 2-log G. These L values, representing average 

optical densities over the narrow band of wave lengths employed, 

have a linear relationship to the concentration of dye in the 

solutions (Bier1 a Law), The L values represent relative rather 

than absolute measurements of optical density,

A sample of dye-free plasma is placed in the machine, and 

with the proper filter (620) an Intensity of light Is employed which 

gives a galvanometer reading of 100, Then, with exactly the same 

light, dyed samples are read. Tbs light transmission of the dye in 

the sample is given bys

Transmission s Galvanometer reading (T • G )
-------- t S ------  m

26
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As the concentration of the dye ie proportional to the 

negative logarithln of the light transmission, tho concentration 

of the c^e in iagm, per ce. equals:

Concentration ; -Log T s -Log 0^ z 2-Log 0

pr—

As stated above, the quantity 2-log G is always written 

as L, therefore:

Concentration (C) z h
I

K equals a constant which is determined separately for 

each lot of c$ye.

The following formula Is utilised in the calculation of 

the plasma volume:

Plasma volume Z .«& »  dye injected x K
L620 corrected

Where LS20 is extrapolated back to aero time of injection, it is 

written as 1620(extrapolated)•

1620 corrected is tho optical density as road on the 

galvanometer wiiich has been corrected for homolysis present. The 

absorption of hemoglobin with filter 620 is small when compared 

with filter 51*0, while just the opposite ie true for T-I82lt. The 

ratio of L5i|0 to 1620 for hemoglobin is approximately twenty as 

determined by Gibson and Evans, The ratio for Evans Blue <$yo was
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was found to be 0*6* Price ($0) in 1912, found ratios of 19.0 

and 22.7 for hemoglobin, and 0,61*5 and 0,53 for the dya using 

different lots of dfcpee and different photoelectric colorimeters.

In correcting for hemolysis, the dfe-freo blanks are 

placed in the colorimeter with the galvanometer reading set at 

200. The dyed samples are then read against the blank* The above 

ratios ait) then placed in the formula for the correction.

L620 corrected a (Ratio rib. x 1620 as read) - L51*0
--------- KaEIo'W, - 'ftatio ----

a  1 2 0 x 1 6 2 0 ) ~ L % 0
20 -  0.6

Routine examination with the 51*0M filter by rice and 

Longmire (50) revealed that many samples which to the eye appeared 

non-heraolyaed, nevertheless contained sufficient hemoglobin to 

alter the dye readings significantly. The more deeply cfcred speci

mens in particular were apt to mask hemolysis. In the interests 

of accuracy, correction for hemolysis should be made in all deter

minations.

Grogeraen and Gibson (62) observed that the most extreme 

fluctuation in the electrolytes of protein content of the circulating 

blood could be Ignored as far as having any effect on the spectral 

absorption of T-1821*. But they did find that impurities In the tye 

could change the spectral absorption curves. In their investigation 

Warner’s Evans Blue dye proved to be the freest from impurities.

Price and Longmire (50) noted that lipemia interfered with



29

accurate reading of fyo concentration. The samples of plasm 

contained progressively decreasing amounts of fat, but viere read 

against a <%re free blank tdiich taken earlier held larger quantities 

of fatty particles. It is important that food should lx? withheld 

from the subject four to twelve hours before the determination is 

made*

In patients with jaundice, the bilirubin in the sample 

may Interfere. But as the amount in the blank and the samples is 

equal, no correction is necessary.

i



CHAPTER IV

DETERMINATION OF THE TOTAL BLOOD VOLUME 

AND RED CELL VOLUME WITH EVANS BLUE DTE

Calculation of the Total Blood Volume 
and the Total Red Cell Volume

The blood volume and red cell volume are determined from 

the plasma volume value which has been obtained on the hematocrit 

according to the following formula*

Total blood volume » Plasma relume x 100
100 • HematocriLtr

Red cell volume 3 Plasma volume - Blood volume

The above formulas are based on the assumption that the 

cell-plasma ratio in the sample of venous or arterial blood during 

the procedure equals the cell-plasma ratio of the total blood of 

the body* That tills is not true has been the subject of many in

vestigations, Also the accuracy of tire centrifuge method of deter

mining the hematocrit has been questioned, A review of these 

criticisms will be discussed below.

Errors in the Determining the Hematocrit

The hematocrit may be determined by various techniques—

Van Allen (63), Wlntrobe (61), and Sanford and Kagath (65) * The 

method consists of centrifuging a sample of blood in a narrow 

centrifuge tube. An anticoagulant is added, usually consisting of 

a mixture of ammonium and potassium oxalate or heparin. Gregersen
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and Schiro (36) found that heparin colors the plasma sufficiently 
to Interfere with <^e determination. If Isotonic anticoagulant 

solutions are used, homogenous mixing with the blood sample must 

be assured and correction for dilution of the plasma must be made. 

Dry sodium oxalate causes considerable shrinkage of the red cells 

and corresponding dilution of the plasma. These errors may be 

avoided b7 using serum Instead of plasma. Oregersen and Schiro 

(36) have shorn that coagulation does not reduce the amount of dye 

In solution. A satisfactory anticoagulant which has been shown to 

have a minimal effect on corpuscular volume is that recommended try 

Wintrobe, Shumacker, and Schmidt (66). It consists of a mixture of 

dry ammonium and potassium oxalate in the proportion of thirteen 

to one.

The hematocrit samples are centrifuged at 3*300 revolutions 

per minute for thirty to sixty minutes. Ary centrifuging over 

thirty minutes Is unnecessary as no further packing of the red cells 

occurs. With this procedure a constant packed red coll volume is 

obtained.

Even with the securing of a constant volume, a certain 

amount of plasma does not separate out but remains with the cells. 

Oregersen and Schiro (36) found an average of h*2 per cent of dye 

and plasma remained in the packed cell mass when samples contain

ing T-l82lt were centrifuged. ¡2x>H and Hunter (6?) mixed two to 

three cc. of whole oxalated blood with four hundred micrograms of 

Evans Blue dye and centrifuged the sample. Ho determined a total



cell volume approximately h*$ per cent leas tgr the determination 

of the plasma volume try- the dye method as that obtained by the 

centrifuge hematocrit procedure, indicating that a portion of 

the 4yo was trapped in the cells. Stead and Ebert (68) observed 

that the cell-plaana ratio by the dye method agreed within 2 to 

3 per emit of that determined by the hematocrit. Chapin and 

Hoes (69) using protein dilutions and radioactive tagged red 

cells found a positive error of 8.5 per cent in the centrifuge 

hematocrit. On the basis of these determinations, Root, Houghton, 

and Qregersen (70) recommend the figure 0.96 for the correction 

of the centrifuge hematocrit.

Accuracy of Arterial or Venous Blood Hematocrit

Blood samples taken from arteries, veins and capillaries 

have been shown to have the same hematocrit. This has also been 

demonstrated in doge including blood from the viscera except for 

the spleen (68), Fahraeus (71) In 1929 observed that the hemato

crit varied with streaming tests in capillary tubes of various 

diameters. Blood which had a hematocrit of 14 ran. when streaming 

through a capillary with a diameter of 1*1 mm*, had a hematocrit 

of 28 m ,  then the diameter was reduced to 0.05 mm.

Stead and Ebert (68) hemorrhaged six splenectamiaed dogs 

and determined pre- and post-hemorrhage plasma, red cell and blood 

volumes using Evans Blue dye and the hematocrit. The pre-hemorrhage 

red cell volume was 21 to 3li per cent greater than the sum of the
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red cells removed* They postulated three reasons for the dis

crepancy: (1) the plasma volume technique gave a false high plasma 

volume with T-182]*, (2) the hematocrit did not determine the true 

coil-plasma ratio of the blood removed because tho plasma is 

trapped among the cells, (3) the cell-plasma ratio of th® circulat

ing blood as a whole is lower than the hematocrit reading of the 

blood sample* However, they felt that points one and two con

tributed little to the difference* They concluded that the hemo

globin concentration and the cell-plasma ratio of venous or arterial 

blood were not representative of the total bo4y blood and that it 

was not possible to accurately quantitate changes in the blood 

volume from changes either In the hemoglobin or hematocrit readings. 

Ebert and Stead (72) demonstrated that the hemoglobin of the mail 

vessels was lower than that in the large vessels. This was done 

ty applying a tourniquet to the pressure of 300 am, of mercury to 
the arms of humans, occluding the arterial Inflow* The blood was 

drained through the antic ubital vein, then with an Eaaarck1 s 

bandage the remaining blood was milked out by tight wrapping 

starting at the hand* The hemoglobin concentration of blood from 

minute vessels was 0*8 to 1*8 grams per 100 cc. lower than that 

from toe venous blood. In eleven of fifteen ojqjerlments, the 

protein concentration fell slightly, thus indicating that son© 

fluid was entering the plasma from the tissues and red cells.

Hopper, Tabor, and Winkler (56) carried out simultaneous 

blood volume determinations with T-182lt and carbon monoxide. They
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noted errors in each method amounting to 3 or h per cent but the 

two methods gave virtually Identical results In about one-half of 

the cases in dogs and humans# In a subsequent investigation,

Hopper, Winkler, and Elkington (73) observed that under abnormal 

conditions, the blood volume using the dye method gave higher values 

than did the carbon monoside procedure# In traumatic shock, they 

.found that the <fcne may fall to record a decline in the plasma vol

ume, but on the other hand if a decline was noted one could be 

sure that it had happened# These results are not in agreement 

with those of Smith, Arnold, and Whipple (7I4) who in 1921, found 
lower values for plasma, red cell, and total blood volumes by the 

carbon monoxide and Welcker methods# Their comparative investi

gation with vital rod resulted in values which wore 20 per cent 

higher.

The introduction of radioactive Isotopes offered further 

opportunity to determine blood volumes and to critically analyse 

observations made with Evans Blue dye*

Noohman, Janes, Moore, and Evans (20) completed simul

taneous observations with T-1821* and radioactive phosphorus tagged 

red cells on thirty-eight surgical patients. Th<$' demonstrated an 

average red cell volume of h70 ce, 102 cc, less with the tagged 

cell procedure# The ratio of the red cell volume with tagged cells 

(RCVP-^) to the red cell volume with T-1821 (RCVdye) was 0.800 jj 

0.153 or 20 per cent less. The boefcr hematocrit, as determined from 

the plasma volume using T-1021 and the rod cell volume using tagged
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erythrocytes, was 39»k* The average venous hematocrit was UU*8 

or 12 per cent more. In every determination the calculated rod 

cell volume was greater using Evans Blue dye. Reeve and Veall (75) 

found the ratio of RCVP^2 to RCVcfcre to be 0,670. Wish, Perth, 

and Storey (23) in a similar study on mice, calculated the average 

body hematocrit ratio to the venous hematocrit to be 0*88*

Hahn, Ross, Bale, and Balfour (18) in 19h2, with the use 

of radioactive iron tagged cells obtained a red cell volume consis

tently lower than the value obtained with a dye method, The decrease 

ranged frora 10 to bO per cent, with an average of 25 per cent.

The distribution of red cells and plasma in the large and 

minute vessels of normal dogs was investigated by Gibson, Seligaan, 

Peacock, et al, (76), The rod cell volume was obtained with ?m&> 

tagged cells and the plasma volume secured by the use of iodo- 

albuain tagged with ll31* Animals with an average arterial hema

tocrit of forty-three had a hematocrit of eighty in the blood of 

toe spleen, forty in toe liver, thirty-five in the lungs and twenty 

to twenty-five in too heart and skeletal muscles. The tiematocrit 

of the kidneys, gastrointestinal tract and brain was from fifteen 

to twenty. The hematocrit of the blood in toe large vessels, of all 

the blood in toe body, and of the blood in toe minute vessels was 

always less than that of arterial or venous blood* The ratio of the 

cell volume by toe tagged cell method to that determined by T-182U 

on gross volume measurements averaged 0,85* In an investigation on 

forty normal medical students, Gibson, Peacock, Seligman, et al. (19)
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observed in every ease the red cell volume lay the radioactive 

iron tagged cells to be less than that of dye procedure. The 

ratio of RCVFe^ to RCVdya shoved extreme variation, ranging 

from 0.70 to 0.95# the average being 0.8U5» The average body- 

hematocrit was 38*3# and of the venous blood was L2.5. The 

tagged erythrocyte red cell volume on the average was 15 per 

cent less than that determined by ¡¿brans Blue dye* The ratio of 

the average body hematocrit to the large vessel hematocrit 

averaged 0.91. Menelloy, Well, and Hahn (77) in a similar study 

on twenty-eight normal males, demonstrated a ratio of RGVFo^ 

to RCVdye of 0.809 or a cell volume average 20 per cent lower 

by the tagged cell method,

Lawson, Overbey, Shaddlo, and Moore (70) calculated the 

red cell volume by observing the change in the hematocrit fol

lowing the injection of either plasma or coll concentrates. The 

red cell volume by this method was 71 per cent of the volume 

obtained by the arterial hematocrit and the dye injection plus 

volume. Their data suggested that the conventional calculation 

of the total blood and red cell volume from the plasma volume and 

arterial or venous hematocrit yielded a falsely high value. About 

one-half of the error appeared to be due to over-estimation of 

the plasma volume with Evans Blue dye, and the other half due to 

an over-calculation of the total body hematocrit from the hemato

crit of the peripheral blood.

Moore, Shaddle, and Lawson (25) observed a constantly
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lower rod coll volume using methemoglobin tagged red cells.

Accuracy of the Plasma Volume 
Determination with Evans Blue Dye

A falsely high plasma volume will give accordingly high 

total blood and red cell volumes. Lawson, Overbey, Shaddlo, and 

Moore (78) found the plasma volume calculated as the distribution 

volume of T»l02li in barbital!aod dogs to be consistently larger 

than the value observed for the distribution volume of subsequently 

injected unbred plasma. The latter volume (dyo-doorment volume) 

averaged approximately 85 per cent of the dye distribution volume 

in twelve animals with extremes of 77 and 93 per cent. When the 

distribution volume was calculated from the dye concentration 

observed at one minute on a logarithm -log, smoothed plot of tho 

rapid disappearance phase, the values were in fairly good agree

ment with the dye-decramont volumes#

However, Crispell, Porter, and flusot (22) in 1950, by the 

simultaneous injection of T»l82li and radioactive ll31 tagged serum 

albrnin found no significant decrease in twenty-four cases. Krleger, 

Storaaoli, et al. (79) observed a higher plasma volume with Evans 

Blue dye as compared with tagged serum protein. Haim, Balfour,

Ross, and Bale (U3) state it is generally admitted that tho dye 

method when properly performed gives plasma volume determinations 

which are usually accurate within an error of 5 per cent. Gibson, 

Peacock, Seligman, et al. (80) determined the plasma volume by the
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simultaneous Injection of T-1821a and tagged albumin. The results 

wore in agreement within 4» 10 per cent.

From a clinical diagnostic point of view, Gibson, Peacock, 

Soligraan, and Sack (80) believe that the intrinsic errors in the 

dyo plasma technique are not too serious* The actual quantities 

of red cells involved range from 100 to 600 cc. in individual 

casoo. However, from a clinical investigative standpoint, these 

variations are marked.



CHAPTER 7

NORMAL VALUES OF THE PLA3CA 

AND BLOOD VOLUME IN HUMANS

Values Reported in Adults

The average normal plasma, blood, and red cell volumes 

in normal adults have been determined by many investigators# 

Keith, Rountree, and Geraghty (8) using vital red <$re, in 1915, 

found on forty-two normal adults a plasma volume averaging 

50 cc# per kilogram of boqy weight. The average total blood 

volume on eighteen subjects was 85 cc. per kilogram. In a large
I

aeries of ninety individuals, Gibson and Evans (60) in 1937, 

recorded the following results. The total blood volume in males 

averaged 5,535 oo., in females 3,600 oo. The plasma volume in 

malos was 2,91*8 oo., in females 2,381* oc. In terms of volume 

per kilogram of body weight, they found the total blood volume 

in males to be 77.7 co. per kilogram, and in females 66.1 cc. 

per kilogram. The plasma volume averaged L3.1 cc. per kilogram 

in males, and in females hi.5 cc. An extreme range of about 

30 per cent above and below average plasma and total blood volume 

was encountered in normal individuals, but two-thirds were only 

10 per cent in variance from the average. There was a tendency 

in both sexes for values to remain at or rise somewhat above the 

average levels during middle life and to decline with advancing



ago* The Increase in total volume in terms of boefcr weight during 

middle life was noro pronounced in males than in females. The 

decrease apparent in both sexes after the fourth decade was greater 

in females than in males. They observed an increase in total blood 

volume in an increased individual height, weight and surface area. 

In regard to weight, those with volumes above normal limits were 

predominantly muscular individuals, and those whoso volumes were 

below normal were for the most part tall and thin. They oould 

demonstrate no relationship between either venous pressure or 

blood velocity. The values of Gibson and Evans have been criti

cized as the determinations were made on hospitalised patients 

and were, therefore, not a normal group, Gregorsen (31),

Oregersen and Noble (59), and Clarke, et al. (81) have reported 

average normals of 85 ce. total blood and kS cc. plasma volumes 

per kilogram of body weight. These values at present are con

sidered as the normals with the use of Evans Blue dye» Cohn and 

Shock (58) in 19h9, demonstrated an average plasma volume of 

I|8 cc. per kilogram of body weight with a range from 31.3 to 62.? 

per kilogram. Tho total blood volume in their sixty subjects 

averaged 82.h cc* per kilogram. They found a tendency for the 

values to remain level or to rise above the average nomal during 

middle life and to decline with advancing age*

As has boon noted before, lower volumes have been obtained 

using radioactive Isotopes attached to the red cells in determining 

blood volume values. On normal adults, Berlin, If/do, Parson,
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Lawrence and Port (82) reported the following observations In 

1951, using red cells tagged with and Fe55. The results cure 

expressed in cc. per kilogram of body weight. In males the 

total red cell volume averaged 29.9 (range from 22,8 to 35*8), 

and the plasma volume 38,7 (range 32,6 to It5,l), In females 

the total red cell volume average wa3 27,0 (range 21,1 to 32,7), 

and the plasma volume averaged 37,0 (range 27,3 to 1*6.6). The 

values given here were obtained on fifty-eight Individuals and 

do not vary from the results of other investigators whom they 

quote.

Relationship of Blood Volumes to
Height, Height, and Body Surface

In all investigations reported with Evans Blue dye, there 

has been noted great variations among individuals, In correlating 

weight, height and body surface, Gibson and Evans (60) considered 

that there was a more constant relationship between observed vol

umes and body surface than to weight or height. However, in 

various clinical conditions, the weight and boc&r surface varied 

so that in oasos of ewmaciation or congestive heart failure, they 

recommended the use of correlation to the height as tills remained 

constant (83), Perera (57) observed that the predicted blood and 

plasma volumes could only be correlated well with height in cases 

of extreme weight gain or loss. Von Perat (28) studied tho observed 

blood volumes on twenty normal females and twenty males. The
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highest correlation coefficients for women was obtained in relation 

to the boqy surface. For plasma volumes this was 0.?60. In the 

males, the corresponding figure was also high, being 0.531» lie 

found in men the highest correlation coefficient for plasma vol

ume to be the height. The figure was 0.831, But in the cases 

of females, it was the lowest, being 0.371, He believes tiiat 

these results are due to the wide range of the height in males, 

whereas the heights of the women lie within veiy normal limits, 

von For at recommends that the predicted volumes in both males and 

females be made from the height as tills is the only constant 

factor. An investigation of the correlation of tiie plasma volume 

and blood volume to the height by Von Porat resulted in the figures 

below in Table 2.

TABLE 2

EXPONENTIAL CORRELATIONS OF THE PLASMA VOLUME AND 
TOTAL BLOOD VOLUME TO THE HEIGHT OF NORMAL MALES

AND FEMALES8

Sex x?3 Equation r t°r°

M height PV y  » 595.0 x3 O.BhO - 0.065
F height PV y  = 577.3 x3 0.3li9 - 0.196
M height TBV y =1063.3 x3 0.66? - 0.126
F height TBV 

w —

y ; 959.0 x3

t---

0.3L0 - 0.157

a. Source: Von Porat (28)
b. Height in cm.
c. r s coefficient of correlation

or * standard error of coefficient of correlation
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Repeated Determinations

Repeated detenninations have been carried out by several 

investigators. In seven adults, Gibson and Evans (£2) found 

values that remained constant under an average of 5 per cent over 

a period of several months. Gibson and Evelyn (61) in aerial 

determinations over one to two weeks had results varying up to 

15 per cent. Von Pcerat (26) performed double determinations on 

ten individuals at one to two day intervals and noted a variation 

in the plasma volume averaging h.? per cent, and of the blood 

volume averaging per cent.

I



CHAPTER VI

EFFECT OF CLIMATE AND ACTIVITY 

ON THE BLOOD VOLUME

Climate

Boaett, Sunderman, Borope and Scott (8lt) demonstrated 

that the blood volume increased in warm and decreased in cold 

environments* The changes were associated with changes In the 

same direction, both In the total circulating hemoglobin and 

the total plasna proteins. The change in the plasma volume 

developed more rapidly than did that in the red coll volume.
I

Hoot, Houghton, and Gregorsen (70) noted a reduction of plasma 

volume with hemoconcantration in persona working under hot 

humid conditions. Forbes, Dill, and Hall (85) describe a rise 

of 5 por oent in the plasma and blood volume in humans in a 

wanner climate.

Bed Rest and Exercise

‘Force weeks of complete bed rest on five normal young 

men caused a definite change in the blood volume as demonstrated 

by Tcylor, Erickson, Henschel, and Keys (86), Thore was an 

average loss in the blood volume of 572 cc. or 9*3 per cent. This 

was almost entirely accounted for by a constriction of the plasma 

volume of 516 co. or 15*5 per oent. On assuming normal activity



the plasma volume returned to normal In one week, but with an 

apparent lose of red cello as the blood volume only rose 235 oo. 

Subsequently, the total blood volume returned to pro-rest levels, 

Widdcwson and MoCance (87) found In normal adults that bed rest 

for two hours cause a fall In the hemoglobin, hematocrit and 

serum protein levels. If the rest was continued for throe days 

the levels rose back to their original height. But the plasma 

volume had an opposite change, rising during the first two hours 

and decreasing to the normal level after three days of inactivity.

Kaltreider (88) observed that strenuous work on a 

stationary bicycle for ten minutes caused a decrease in tho blood 

volume of 255 co.or h.6 per cent and a decrease in the plasma 

volume of 2US co. or 8.7 per cent. Twenty-five minutes after the 

exorcise, the plasma and blood volumes were slightly higher than 

tho values before the work. The above changes wore also reported 

ty 2bert and Stead (89), However, they observed that strenuous 

exercise can cause a 1*0 per cent change in the optical density 

values of undyed plasma as compared with a pre-exercise blank.

Thqy could give no explanation for this change.

In patients with cardiac disease, Kaltreider (88) found 

that exercise caused a decrease in plasma and blood volume as in 

normal individuals. But the decrease in the plasma volume was mom 

prolonged. Gilbert and lewis (90) also demonstrated a decrease 

in cardiac patients with exercise. They also observed in these 

patients an increase in venous pressure, though this may have b o m

15
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normal at rest. The plama volume dooroaaed even with the in

creased venous pressure. Digitalis reduced or abolished the 

venous pressure increase.



CHAPTER VII

METHOD USED IN DETERMINATION OF PLASMA VOLUME 

IN THIS INVESTIGATION WITH EVANS BLUE DYE

Over ninety separate determinations were made on thirty- 

three patients# The methods and materials used are outlined 

below#

The Dye

A H  the dye solutions used in this investigation were 

from the sane lot of dye, Lot #2, which was obtained from the 

W* R, Hamer Company, The dye was contained in ampules in the 

amount of approximately 5.3 cc. The concentration was 0*1*9 £  

0,03 per cent, 1 cc. containing h*9 mgm. 0.3 ragra.

The dye was standardized by the method of Frazer (91).

One cc. of dye was diluted to 50 oc. with distilled water. With 

the one to fifty dilution, the dilutions given in Table 3 ware 

made up with distilled water and pooled plasma. A plasma blank 

was prepared with 9 cc. of pooled plasma and 1 cc. of distilled 

water. The dilutions of dye were read against the blank on a 

Coleman Junior spectrophotometer using filter $620. The process 

was repeated using filter 0 to correct for ary hemolysis which 

might be present in the plasma. The results of the standardiza

tion procedure arc given in Table 1.

The constant (K) was determined for each dilution by



TABLE 3

TABLE OF DILUTIONS SET UP USING EVANS BLUE DTE 
(T-182L) IN THE DETERMINATION OF THE STANDARD

No*
♦Egr®
Solution

Distilled
Water Plasma

Final
Dilution iigm./lOO co*

1 1*0 oo* 0*0 oo* * 9* oc* It 5oo *980 ragm*
2 • .9 *1 * 9* 1*535.6 .882
3 • ,8 .2 - 9. 1*625 .781
it . .7 .3 - 9* l*711t.3 - .666
5 - *6 •it . 9. 1*833.3 .588
6 .5 - *5 9* It 100 .1*90
7 - »it - *6 9* 1*1250 . .392
8 .3 . .7 9. 1*1666.7 .291
9 , «2 - ,8 , 9. 1*2500 .196

TABLE !*

D E T E R m m C N  OF THE STANDARD 
FOR EVANS BLUE DTE, LOT #2

Ho*
1620

(corrected)
14620

{corrected) Mgm;./1 oo. Constant

1 .7226 19.63 .00980 73.67
2 *6o5 2l*.6 ♦00882 68.6
3 .5506 28.0 .00781* 70.23
it •1*838 32.9 .00686 70.53
5 .1*2508 37.1* .00588 72.3
6 .3607 1*3.5 .001*90 73.1*
7 .2781* 52.8 .00392 71.02
8 .2165 61.0 .00291* 73.63
9 .11*26 72.0 .00196 76.2
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dividing the corrected I/S20 reading by the ragm* of dye per cc*

The average constant (I) equaled 72*1?$* This constant was used 

throughout all of the determination of the plasma volume*

On a serai-logarithmic graft, tote meter readings on the 

spectrophotometer make up a straight line while the optical density 

observation run in a curve* This is presented In Graft 1*

Equipment Used

The following material and equipment were used In the 

investigation*

1* Six 10 co* glass tipped Leur ^fringes (calli- 
brated) used In the administration of the dye*

2. Twenty 10 oe. glass tipped Leur syringes (uncalli- 
brated) used In securing of blood samples.

3* Forty #20 sharp needles*

km Twelve Lintrobe hematocrit tubes*

$* Rubber stoppers.

6* Twenty-four centrifuge tubes,

7* Pipettes for collecting blood for the hematocrit 
and separation of the plasma from the centrifuged 
blanks and samples*

8. Several glass jars to hold water for cleansing of 
Syringes, hold the needles, syringes, alcohol 
impregnated cotton balls*

9* Tourniquet.

10* Rack to hold the centrifuge tubes,

11* Container to hold the equipment when adainlstrnting 
the dre and collecting blood.
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12* One $ and 10 ec* volumetric pipettes*

13* Anticoagulant*

All the above equipment was obtained new except for the 

centrifuge tubes, jars, rack, tourniquet and container*

Calibration of the fringes

The six 10 cc* calllbrated syringes ware prepared In 

the following manner. The syringes in a dry state were carefully 

and accurately weighed on a chainomatlc analytical balance* Calli- 

bratlon marks were filed on the plunger near the distal end and on 

th© barrel about 1 cm. proximal to the 10 cm* mark in ouch a 

manner that the approximation of the two calllbration filings was 

very near 10 oc* The syringes were then filled up to those 

oallibratlon narks with distilled water. The narks were approxi

mated as closely as possible and the filled syringes, including the 

tips, and with no air bubbles, were thro weighed and emptied. This 

was repeated four times* Averages were calculated frost the differ

ences between toa filled and empty weights. In Table 5 are repro

duced the filled wights In toe calllbration of three of the syringes. 

The average weight increase of the three other filled 

syringes were found to bet Syringe #281*5-30.0132* gas,, #2830- 

10*25*83 gra»«, #2596-10*0779 gas* With the specific gravity of the 

distilled water at one, the above figures in grams varo converted 

to cubic centimeters.



TABLE 5

CALLIBRATED WEIGHTS FOR THREE FILLED SYRINGES

Syringe #130 #80885 #26390

Diy Weight 38.833 guts. 37.219 gras. 1*2.738 gms.

Filled Weight 1« 10.1^2 gras. 8.616 gms. 10.073 @ns.
2. 10.190 gras. 9.66U gms. 10.127 gms.
3. 10.159 gras. 9.639 $ns. 10.082 gms.
h. 10.169 gins. 9.678  gms. 10.065 gras.

Average 10.16?5 gras. 9.61*92 gms. 10.08^75 gms.

TABLE 6

DTE CONTAINED IN THE 
CALLIBRATED SYRINGES

Syringe
Number

Mgm. hye 
Contained

130 12.1*55
80885 11.71
26390 12.356
2815 12.2638
2830 12.5512
2596 12.3U5U
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The Anticoagulant Used

The anticoagulant used was that recommended by Wintrobe, 

Shumacker, and Schmidt (66) to have a minimual effect on corpuscular 

volume. It consists of a mixture of dry ammonium and potassium 

oxalate in the proportion of 13 to 7* It was prepared by the addi

tion of 1,3 gm, ammonium oxalate to 0.7 gms. of potassium oxalate 

in a 10 cc. volumetric flask. The flask was filled up to the 10 oo. 

mark with distilled water. Of this mixture, 0.5 cc, of this mix

ture was placed in each centrifuge tube and dried in an oven at 

50° C.

i Preparation of the Lye 
for Administration

The dye was prepared for Injection by dilution with 

sterile saline. Qregeraen and Stewart (53) utilised sterile water 

dye solutions as they considered saline solutions to be unstable. 

However, Gibson and Evans (52), and Von Porat (26) have used normal 

saline dye dilutions with no evidence of precipitation. Five cc. 

of the dye was withdrawn from the ampule by moans of a volumetric 

pipette. This was diluted to 20 cc« with the saline. The syringes 

were then filled to the calllbration marks with the above mixture. 

As 1 oo. of the ampule dye contained k*9 mgm. of Evans Blue, 5 oc. 

in the saline dilution would contain 2iu5 mgm. One oo. of the 

diluted aye solution would then contain 1.225 mgm. The amount of 

dye delivered by the syringe was then determined by multiplying
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1,225 times the ec. callibratod for the particular syringe used. 

Table 6 gives the values secured for the six different syringes.

All dilutions of the dye «ere made just prior to the 

administration of the dye. It was essential that the plpottes, 

syringes, needles, and diluting flasks used be absolutely clean, 

Sterile and dry. In filling the syringes all air bubbles were 

eliminated. The syringes were filled in the laboratory with a 

slight excess of the dye. At the bedside, the excess dye was re

moved as the callibration marks on the barrel and plunger were 

carefully approximated. In all deterainations, the lumen of toe 

tip was carefully kept full as measurements lay weight revealed 

significant decreases whon it was empty.

Technical Procedure Followed in Each 
Determination of toe Plasma Volume

The determinations were carried out on patients in the 

basal state, at bed rest since the preceding evening, and fasting. 

In those oases where the patient had been up he was put in a 

recumbent position for at least one hour. In a few instances where 

the patient had eaten, the studies were not made until the patient 

had been in a post-prandial state by at least three and one-half 

hours. The fasting state in the morning was much more satisfactory 

because of toe definite absence of ary post-prandial lipemla. The 

three and one-half hour post-prandial determination interfered with 

the patient’s noon meal, besides usually upsetting toe meal schedule
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of the floor or diet kitchen« Repeated determinations were made 

on two patients who were active just prior to the administration 

of the dye and the results had to be discarded because of the 

great discrepancy in the values.

The actual determination was done as follows. Blood for 

dye free samples was taken with a 10 cc. dry syringe through 

puncture in the anticubital vein. The tourniquet during all veni

punctures was applied for the shortest time possible and released 

immediately after the needle had entered the vein. Aspiration of 

blood was commenced from twenty to forty seconds after the removal 

of the tourniquet# These measures were taken to prevent any venous 

stasis. The blood was immediately placed in a centrifuge tube 

which contained the anticoagulant. The blood was always placed in 

the tube carefully to prevent any excess frothing or undue trauma 

which would cause hemolysis. The blood was mixed with the anti

coagulant by gentle movements of the tube which was then placed in 

the rack. The aspiration needle was left in place and the calli- 

brated filled dye syringe was carefully and tightly fitted to the 

hub. In the first one-half of the determinations, an assistant 

handled the syringe with the dye-free blood so the investigator was 

then free to manipulate the dye syringe. Towards the last, it was 

found that one man could handle both syringes if all the necessary 

equipment was readily at hand. However, this is not recommended 

due to the possibilities of breaks in the technique.

The dye was injected into the vein over a period ranging

66500
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iron twenty to forty seconds. At the exact finish of the injection 

the tine was clocked. Following the injection of the dye, the 

syringe was carefully and completely flushed with the patient’s 

blood three times. The flushing is voiy important and was found 

to be the most difficult portion of the whole procedure during the 

early phase of the study. But shortly, with experience, the flush

ing could be done with relative ease. At the end of the flushing, 

the needle was removed from the vein. In the first thirty-six 

determinations, the dye syringe was then flushed out with measured 

amounts of 10 cc. pooled plasma samples. This was done in an 

effort to estimate how much dye was retained in the syringe after 

flushing with blood. The results of this are given later*

In single determinations, dye containing samples of blood 

were drawn in exactly ten minutes after the injection of the dye 

from a vein in the opposite arm. In those patients with cardiac 

failure, the samples were drawn at fifteen minutes. (In cases of 

shook, fifteen minute samples should also be used but no investi

gations were carried out in such cases.) The time interval is 

important and the samples were drawn at such times that the beginning 

of the aspiration never was started more than seven to five seconds 

before the exact ten or fifteen minute interval and were completed 

with five to seven seconds afterwards. Those blood samples, as 

before, were carefully placed in the centrifuge tubes to prevent 

hemotysls and yet secure good mixing with the anticoagulant, in
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those instances where multiple samples were taken to secure the 

disappearance rate and use the extrapolation determination, repeated 

venipunctures were done at stated intervals of varying time follow

ing the injection»

The extrapolation method was only used a few times and then 

in a study where the effect of a transfusion on the blood volume 

was being investigated. This method gives a plasma volume 2 to 3 

per cent lower than the single sample determination. However, as 

stated before, the single calculation if used constantly will give 

constant results.

Following the obtaining of the samples of blood, small 

amounts were withdrawn from the tubes after complete mixing and 

placed in Wintrobe centrifuge tubes by means of capillary pipettes. 

Immediately, both the centrifuge and hematocrit tubes were placed 

in a centrifuge with a 1*0 cm. diameter and centrifuged for thirty 

minutes at 3» 300 revolutions. The plasma was removed early from 

the packed cells in the centrifuge tubes and reoentrifuged. Analysis 

of this repeated procedure showed no change by oolormetrio determin

ations so it was stopped. Samples of the plasma were placed in 1 cm. 

curvattes and the dyed samples were read against the dye free 

samples in a Coleman Junior spectrophotometer at wave lengths of 

620 for the determination of the dye concentration and with filter 

#51)0 to correct for hemolysis. All samples were checked for hemo

lysis. Formulas used in determination of the plasma and blood 

volumes have been given (page 27).
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The centrifuge tubes were kept tightly stoppered with 

rubber corks (parafine Impregnated corks may also be used). The 

plasma readings were done Immediately after the plasma had been 

removed from the centrifuge. Where single determinations were 

made, the procedure was usually complete within an hour.

The equipment was very carefully washed following each 

determination. After the washing, repeated rinsings were carried 

out to clear any of the cleaning material from the equipment and to 

remove any traces of dye present In the water. This was done first 

with tap water and finally by double rinsing with distilled water. 

The equipment was then completely dried before re-using.



CHAPTER Till

DETERMINATIONS OF PLASMA AND BLOOD 

VOLUME ON HOSPITAL PATIENTS

The Patients

Forty single sample determinations were made on sixteen 

patients. These were picked at random from the clinic patients 

at Creighton Memorial St. Joseph’s Hospital. Repeated determina

tions were made on fifteen. They were not normal, all having some 

organic pathology. All were inactive at incomplete bed rest, 

thus they cannot be classified as a control group of humans. 

However, it was felt that they would represent the average hos

pital patient not admitted with severe blood lack or serious 

debilitating illnesses. (Included is one patient, #2101*11, with 

a severe anemia who was included because of repeated plasma vol

ume determinations.) The average age was 1*7.7 years, ranging 

from 33 to 69. Only three females were included in this group.

A list of the patients and the diagnosis of each is included in 

Table 7.

Amount of Dye Retained in the Syringe

At the onset of the study, the question arose regarding 

the amount of dye retained in the syringe after injection. An 

effort was made to evaluate this to note if there was a significant



TABLE 7

SINGLE AND REPEATED PLASMA AND BLOOD VOLUME 
DETERMINATIONS MADE ON HOSPITALIZED PATIENTS
BY THE TEN MINUTE SINGLE SAMPLE DETERMINATION



TABLE 7 — Continued

Diagnosis
PI. Vol. 
cc.

" b ï ; Voi;
cc.

Hypertension 3191* 6082
311t0 ... 5925

Duodenal Ulcer 3261 6295
Carcinoma of the Esophagus, 3018 5295
not debilitated 3559 61*12

3391 6222
Rheumatoid Arthritis 1910 31*73

1936 3605
211*6 3765

Urethral Stricture 2089 351*1
1833 3160
2019 31*16

Frost Bite 27U2 1*896
1 2l*l*0 1*527

21*77 1*529
Osteoarthritis 3205 5571*

3091 5239
3111 5363
2812 1*933

Diabetis Mellitus 231*7 1*118
3059 1*538

Luetic Aortitis 3061* 51*91
2921* 5516

Diabetis Mellitus 301*7 631*8
331*0 651*5

Traumatic Ulcer of Hand 21*15 1*600
2719 51*22
2569 5161*

Inguinal Hernia 3281 6250
3125 6010

Chronic Cavitation of Lung 1*170 7190
3823 6535

Convalescing from Pneumonia 3085 531*2
3197 5609

Chronic Hydronephroses 2951 3726
with Anemia 2796 3271*

Convalescing from Pneumonia 2617 1*91*7
2771 5131
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amount retained to alter the calculated plasma volume to any degree. 

This was done by flushing the syringe with measured 10 cc. amounts 

of pooled plasma after the syringe had been flushed with the pat

ient's blood. The plasma was mixed and then centrifuged. The 

centrifuged dyed-plasma flushings were then read in the spectro

photometer against a sample of dye-free plasma from the same lot 

of pooled plasma. Correction was made for any hemolysis. With 

the plasma volume being known, i.e., 10 co., the 1620 corrected 

reading being determined from the spectrophotometer readings and 

the standard a constant 72.175» the myn. of dye retained in the 

syringe and rinsed out by the plasma could be calculated. Table 8 

lists the mgm. of dye retained in the syringe on thirty-six deter

minations. The amounts varied from 0.00026 ragm. to 0.21U mgm.

The average was 0.02858 mgm. In only two instances did the unin

jected dye value exceed more than 0*07 mg«*

The resulting mgm. of dye retained was subtracted from the 

dye callibratod to be delivered and the plasma volume was again 

calculated from tills new figure representing mgm. of dye injected. 

The corrected plasma volumes as compared with the plasma volumes 

not corrected for retention of dye in the syringe showed an average 

decrease of 5*5 oc. which is insignificant. In only four instances 

was the variation 10 co. or over. The corrected and uncorrected 

plasma volumes are given in Table 8. In determinations #Z| and #1k, 

the syringes were not even completely flushed once of the dye upon 

injection.



TABLE 8

DETERMINATIONS OF PLASMA VOLUME, UNCORRECTED AND 
CORRECTED, FCB DTE RETAINED IN THE SYRINGE

No*
Kga, <kre 
Retained

.. a :  t e :  •=
Uncorreoted

"h . V i .  —
Corrected Difference

CO. cc. cc.
1 .0105 3809. 3805.8 3.2
2 .03,81 3266.6 3261.8 1.8
3 .0008 3018.5 3018.2 0.3
1 .130 1930.3 1910. 20.3
5 .0158 2092.6 2089.9 2.7
6 .0225 3566.1 3559.1 7.
7 .02.01 3172.5 3167. 6.7
8 .06857 W  . 1833. 10.
9 .01115 2292.5 2269.8 2.7
10 .0109 3391.7 3391.8 2.9
11 .0133 3197.1 3193.6 3.5
12 .0216 1939. 1935.7 3.3
13 .oW5 2027. 2019.9 7.1
lit .221; 1970.1 1933.1 37.
15 .0195 2839.7 2835.2 1.5
16 .0105 1997.6 1995.9 1.7
17 .0U30 3073.5 3062.8 10.
18 ♦0168 2118.6 2115.8 2.8
19 .0168 3111.5 311X>. 1.5
20 .01031; 2711. 2711.5 2.5
21 .00807 1X46.6 boll. 2.6
22 .0101 3207.8 3205.2 2.6
23 .0151» 2651.8 2651.5 3.3
21 .0115 5505.9 5198.9 7.
25 .0071 3197.2 3195.1 2.1
26 .006 3092.5 3091. 1.5
27 .0l;9 2119. 2139.6 9.1
26 .0363 2310.8 2301.1 6.7
29 .0125 2179.1 2176.8 2.6
30 .0099 3113.7 3111.3 2.1
31 .00026 2031.3 2031.2 .1
32 .0023 2618.7 2618.2 .5
33 .0228 3129.9 3123.6 6.3
31 .069 6000.6 5997.6 3.
35 .0206 2817.2 2612.2 5.
36 .0301; 3071.2 ____ 3063.7_____ ____ li5__
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After the thirty-sixth determination, the quantity of mgm. 

of dye injected was that oallibrated for each dyringe and no correc

tion was made for any dye that may have been retained#

Plasma and Blood Volume Values Determined

The volume determinations on the fifteen patients are given 

in Table 7# The average plasma volume was 2770 co. and the average 

blood volume equaled 519$ co#

The plasma and total blood volumes expressed in terms of 

kilogram of body weight are listed in Table 9. The average plasma 

volume was U$*2 oo# per kg. while the total blood volume averaged 

82#5 oo# per kg* of body weight. In the thirteen male patients, 

the plasma volume was 1#6#32 oo# and the average blood volume was 

8U.99 oc, per kg# These values are closely correlated to those 

reported in the literature on page kO, Case ¿210U11 is not included 

in these values so that figures in only two females are represented# 

With repeated determinations on the two women, the average plasma 

volume was 39#6 oo, and the blood volume was 70,7 co. per kilogram 

of body weight# These determinations closely correspond to those 

made in females by Gibson and Evans (60), Halloek (92), and Hopper 

et al. (56) but are below the values reported by Von Porat (28)#

The last investigator observed plasma volumes averaging kk,7 co. per 

kg. and 7U*3 oo# per kg. of body weight for blood volume in women. 

However, two cases are too small a series to make any critical obser

vations.



TABLE 9

PERCENTAGE OF THE VARIANCE BETWEEN THE MEAN AND THE OBSERVED 
PLASMA AND BLOOD VOLUMES ON REPEATED DETERMINATIONS. 
PLASMA AND BLOOD VOLUME ACCORDING TO BOOT WEIGHTS.

Patient Date

Plasma Volume Blood Volume
T.B.V.
cc./kg.Xa X-Xb

% of 
Diff? X X-X

% of 
Diff.

P.V.
cc./kg

cc. cc. cc. cc. •
20761*1* 12/28 3379 27 .1*2 6003.5 78.5 1.3 1*5.3 86.3

1/2 27 .1*2 78.5 1.3 iii*.6 81*. 1
20l*0i*7 12/20 1*9.5 95.5
2071*29 12/20 3323 305 9.2 5978.3 683.3 11.1* 1*8.7 85.1*

12/21* 263 7.1 1*33.7 7.2 57.1* 103.1*
12/28 68 2.0 21*3.7 lt.0 51*. 7 100.3

20610.1 12/21 1991* 81* 1*.2 3611* 11*1. 3.9 1*0. 72.8
12/28 58 2.6 9.3 .21* 1*0.5 75.5
1/2 152 7.6 150.7 1*.16 1*2.6 78.8

207566 12/21 1980 109 5*5 3372.3 168.7 5. 1*0.3 68.3
12/21* 121* 7.1* 212.3 6.3 35.1* 61.
12/28 39 2. 1*3.7 1.3 38.9 65.9

207920 1/2 2553 189 7.1* 1*650.6 21*5. U 5.27 1*6.56 82.8
1/6 H 3 r* ¿.i* 123.6 2.65 1*1.3 16:6
1/10 76 3* 121.6 2.63 1*1.8 76.6

207978 1/1* 3058 150 1*.9 5277 297. 5.6 50.7 88.2
1/6 36 1.18 38. .72 1*3.9 82.9
1/10 56 1.5 85. 1.62 1*9.2 81*.8
1/13 21*3 7.9 3UÍ*. 6.52 1*1* «5 77.1

211093 3/7 2703 256 9.1* 1*328 210. U.85 1*6.9 82.3
3 A2 256 9.1* 210. L.05 61.18 107.2

208661* 1/13 2991* 70 2.33 5503.5 12.5 .22 1*1.6 71*. 5
1/20 70 2.33 12.5 .22 39.8 71*.9

208358 2 A 3191* 11*7 1*.6 61*1*6.5 96.5 1.52 38.1 79.3
2/3 11*6 1**5 98.5 1.52 1*1.7 81.8

210015 2/10 2568 153 5.8 5062 1*62. 9.12 35.8 66.6
2/12 151 5.1 360. 7.11 39.3 78.6
2/17 1 •1* 102. 2.01 37.1 7l*.8

208967 2/10 3203 22 2.1* 6130 120. 1.95 1*5.1 85.9
2/17 21 2.1* 120. 1.95 1*3. 82.7

20891*0 2/3 3996 173 li.3 6862.5 327.5 1*.77 63.1* 108.9
2 A 171* U.3 327.5 ¿*.77 57.9 99.

208931* 2/12 3110. 56 1.78 51*75.5 133.5 2.1*3 1*7.8 82.8
2/17 56 1.78 133.5 2.1*3 1*9.5 86.9

210i*Hd 2/17 2871* 77 2.68
2/29 78 2.68

21221* 3/29 2691* 77 2.85 5039 92. 1.82 1*7.1 81.2
h/1 77 2.85 92. 1.82 1*5.5 81*. 2

a. X is the mean plasma and blood volume.
b. X-X is the mean volume minus the observed volume.
c. Equals the per cent of the difference from the mean.
d. Only included with repeated plasma volumes.
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Repeated Determinations

The findings on repeated determinations in these patients 

are given in Table 9. The differences on multiple determinations 

had an average variation from the mean plasma volume ranging from 

O.h to 9eU per cent. The average was U.16 per cent. The blood 

volume variation was wider, ranging from 0.2U to 11,U per cent, 

with tiie average percentage of difference from the mean being U.77 

per cent.



CHAPTER H

CHANGES IN PLASMA, RED CELL AND TOTAL 

BLOOD VOLUME FOLLOWING TRANSFUSION

Other Reports

Seavers and Price (93) in studying the effect and fate 

of blood transfused in normal dogs, found that immediately after

wards there was an increase in the blood volume out of proportion 

to the amount of blood transfused. This was due to a marked in

crease in the red cell volume due to an influx of red cells from 

depots in the spleen and elsewhere into the circulation. There 

was an effective increase in the plasma volume but this did not 

persist for more than two to throe hours. Five hours after the 

transfusion, the increase in the blood volume was secondary only 

to the increase in the red cell volume. In splenectomiaed dogs 

the same results were secured loading to the conclusion that other 

depots than the spleen were present.

In Huaans, however, Sibley and Lundfcr (9t$) observed that 

transfusion in oases of secondary anemia caused an increase in 

blood volume equivalent to the cell volume added. The plasma 

volume tended to maintain a constant level with a slight increase 

occurring up to two hours after the transfusion but then returning 

to pretransfusion levels. They made their calculations from pre

dicted volume levels, hematocrit changes, plasma protein, and plasma
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specific density determinations before and after transfusions.

They did not make any direct determinations of the plasma volumes. 

Their investigation did not reveal the exaggerated increase in the 

red cell volume as noted Tby So&vers and Price in dogs.

This can be explained by the study of Ebert and Stead (?£)• 

They could not demonstrate any increase in the red cell volume in 

humans following exercise, epinephrine or hemorrhage. However, 

this increase oould be detected in dogs in a similar atu<$r. Evans 

Blue dye was used in the determination of the plasma volume in 

their experimental work. They concluded that humans do not have 

depots of red colls which could be demonstrated in dogs.

Method

Blood volume determinations were made on five individuals 

immediately prior to, and after transfusions. The five patients 

all had an anemia, secondary to blood loss, liver or kidney disease, 

or a combination of hepatic pathology and bleeding. The patients 

and their diagnosis are listed in Table 10. The highest hematocrit 

was 38.5 and the lowest was 11,6. At the time of the determinations 

there was no evidence that ary of the patients were bleeding.

The procedures were all carried out with the patients in a 

basal state. T-1821 was injected and the disappearance rate was 

followed for an interval of about one and one-half hours. The 

patient was then given a transfusion of whole blood to which had been 

added approximately 120 co, of isotonic acid citrate dextrose. The



TABLE 10

DATA AND DIAGNOSIS ON THE FIVE PATIENTS STUDIED IN REGARD 
TO CHANGES Iïï BLOOD VOLUME AFTER TRANSFUSION

Patient Sex Age cm. kg. Hct. Diagnosis

210U11 F & 162.5 57. 1U.6 Marked anemia due to 
severe hydronephroses.

211U29 F 39 165. 63.6 25.5 Portal cirrhosis, 
menorrhagia.

211979 F a? 167.6 9U.5 30.6 Bleeding duodenal ulcer.

212703 M 36 170. 60.9 28.9 Bleeding duodenal ulcer.

2122U2 M 63 176. 80.9 38.5 Cirrhosis, bleeding 
esophageal varices.

TABLE 11

PREDICTED AND OBSERVED PLASMA AND TOTAL BLOOD 
VOLUME VALUES IN THE PATIENTS BEFORE TRANSFUSION

Patient
IhreS*
P.V,a

£red.
?.£.V.b

Obs.
P.V.

Ot>s.
T.3.V.

2ioaii 2h76 cc. a n a  cc. 2797 cc. 3278 cc.

21ia29 2597 cc. a287 CC. 3872 cc. 5197 cc.

211979 2719 cc. H516 cc. 2596 cc. 3678 cc.

212703 2923 cc. 522a cc. 3536 cc. U973 cc.

2122U2 3271 cc. 58a7 cc. 3763 cc. 6102 cc.

a. Predicted plasma volume based on weight.
b. Predicted total blood volume based on weight.
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hematocrit of the transfused blood was obtained from the average 

of throe hematocrits determined on samples of blood drawn from 

the bottle after thorough mixing. At the termination of the 

transfusion, three to five minutes were allowed to lapse for can- 

pie to mixing of the donated blood. A dye free sample of blood 

was withdrawn and another injection of Evans Blue dye was made. 

Samples of blood were withdrawn after this* Hematocrit readings 

and plasma samples were obtained by centrifuging and the dye con

centrations were determined in the spectrophotometer. Calculations 

of the plasma volume were done according to the procedure of Price 

and Longmire ($5) for repeated injections of dye. Calculations 

were made from extrapolated L620 readings in all oases except in 

#2101411 which wore obtained from ten minute blood samples.

Results

The values observed are given in Tables 11 and 12. Thom 

closely correspond to the findings of Sibley and Lundy. The average 

volume of blood transfused was 572 00., containing 239 cc. of rod 
cells and 333 cc. of plasma and citrate. The average increase in 

the total blood volume in the five patients amounted to 390 cc. of 

which 21*6 cc. was the mean increase in red cell volume. The plasma 

volume increase amounted to an average of only IOI4 cc.
In the five cases studied, there was no Indication of any 

undue increase in the red cell volume. In only one instance, in 

case #212703, was there a cell increase over that administered. This



TABLE 12

THE VOLUMES OF TRANSFUSED BLOOD ADMINISTERED TO 
THE FIVE PATIENTS, AND THE VALUES OF THE RED 

CELL AND THE PLASMA VOLUMES OF THE BLOOD. 
INCREASE IN PLASMA, RED CELL, AND THE 

TOTAL BLOOD VOLUME FOLLOWING 
TRANSFUSION.

Blood Blood3 Bloodb Inc. Inc. Inc. Inc.
Patient Given R.C.V. Pl.Plus R.C.V. P.V. T.B.V. Hct.

2101*11 600 cc. 258 cc. 31*2 cc. 110 cc. 26 cc? 81* cc. 3.0
2111*2? £>1*0 cc. 203 cc. 337 cc. 236 cc• I06 cc. 31*2 cc. 2.9
211979 560 cc. 230 cc. 330 cc. 237 CC. 220 cc. 1*57 cc. 1.3
212703 560 cc. 265 cc. 295 cc. 385 cc. I63 cc. 51*8 cc. l*.l
21221*2 600 co. 21*0 cc. 360 cc. 261* cc. 58 cc. 322 cc. 2.0
Average “H i  cc. 239 cc. 333 cc. 2l*6 cc. 101* cc. 35b cc. \~zM

a. Red cell volume of the transfused blood.
b. Volume of the plasma of the transfused blood plus the 

120 co. of isotonic acid citrate dextrose.
c. The plasma volume change here is 26 cc. less than the 

original value.

TABLE 13

RELATIONSHIP OF THE DURATION OF THE TRANSFUSION 
TIME TO THE INCREASE IN PLASMA VOLUME

Patient Transfusion Time Plasma Volume Increase

2101*11 I05 minutes minus 26 cc.2111*29 85 minutes plus I06 cc.211979 60 minutes plus 220 cc.212703 7I* minutes plus I63 cc.21221*2 115 minutes plus 58 cc.
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was probably due to an error in the technique though the procedure 

was carried out in the sane manner as the others.

Ho further blood volume studios were carried out following 

the transfusion. Thus, it is not known whether or not the plasma 

volume level would have returned to normal in a few hours. The 

evidence gathered would seem to Indicate that the plasma was leav

ing the circulation during and following the transfusion» In 

patient #211979, the plasma volume increase was the greatest,

220 co*, and the transfusion time was only one hour. The trans

fusion time was longer in cases #2101411 and #21221{2, being 10i> 
and 115 minutes with the plasma volume increases amounting to a 

minus 26 oc, and plus 58 cc., respectively. If the transfusion 

had been allowed to run two hours in each case, the plasma volume 

levels may have all approximated the protransfusion levels. Those 

relationships are recorded in Table 13*

Similar results were obtained in another patient given 

two transfusions before the above study was started. Blood volume 

determinations wore done the day preceding and the day following 

the aebiniatration of the blood* The exact measure of the blood 

transfused was not done nor was the hematocrit on it determined. 

But twenty-four hours after the transfusions were administered, 

the increase in red cell volume amounted to I49I4 co. and in the 
plasma volume equaled 219 oc* Using the averages found above on 

transfused blood, he received approximately U78 cc. of red colls 

and 666 cc. of plasma and citrate solution. Flore an increase in
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the plasma volume was observed but there are no determinations as 

to any change in the patients hydration or of fluid shifts into or 

out of the blood stream. However, it is believed that the results 

gave a good approximation of the red cell volume change.



CHAPTER X

BLOOD VOLUME CHANGES IN PATIENTS WITH CARDIAC 

FAILURE« VARIATION IN CONGESTIVE AND 

COMPENSATED STATES

Review of the Literature

In the last fifteen years there has accumulated in the 

literature a considerable number of reports on the changes in the 

blood, plasma and red cell volumes in congestive heart failure.

The volume of the blood in normal healthy individuals is

quite constant and closely related to the size, age and sex. It
1

has long been recognized that there is a disturbance of the blood 

volume, and of the relationship of the plasma volume to rod cell 

volume, in oases of congestive heart disease. Best and Taylor (96) 

state that in left heart failure there is an engorgement of the 

pulmonary vascular circuit with an increase of the total blood vol

ume of the lesser circulation. However, in oases of right heart 

failure evidences of peripheral engorgement are present but they 

claim there need be no change in the blood volume. The formation 

of edema because of an increased venous pressure and blood volume 

secondary to "backward" failure of the heart is an interesting 

theory but has been severely criticized by many investigators.

In 1915# Keith, Rountree and Gerahty (8) made plasma 

volume determinations on seven patients with cardiac congestion.
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Using 50 oo* per kg* of body weight as their predicted noraal, 

they found a decrease to 1*7 eo* per kg. as an average value*

However, this calculation was made on the weight of the patient 

in failure. They did consider that the total blood volume may 

be high in relation to noraal body weight* In one patient with 

marked edema, the blood volume was 109 cc. per kg. in relation 

to his normal weight*

Gibson and Evans (85) in 1937# using Evans Blue dye, made 

the first clinical studies on oases of heart failure. They found 

in decompensation a progressive increase in plasma and red cell 

volume, with the increase being more marked in the volume of red 

cells than in the plasma volume thus resulting in a slight homo- 

concentration. With recovery there was a decrease in both volumes. 

At first, a greater decrease in the plasma volume was noted and 

thus an increase in the heraoconcentration. Later a readjustment 

of the plasma volume occurred with the ratio to the red cell volume 

returning to noraal. They found a definite correlation between 

the increase in the blood volume and venous pressure. The mean 

increase in blood volume during congestion was 38*8 per cent.
They classified their cardiacs as follows! Group 1. Valvular 

heart disease with no evidence of failure and with normal blood 

volumes, Group 2* Those with symptoms of heart failure, dyspnea, 

fatigue, orthopnea but with no evidence of edema, hepatomegaly, or 

increase in venous pressure and blood volume, Groups 3 and 1*. Pat

ients with evidence of peripheral cardiac congestion and increase



in the blood volume. Their patients in Group 2 compare with the 

"Minus Type" of patients with cardiac failure, pallor, poor venous 

filling, marked dyspnea but no edema, and with noraal blood vol

umes— described by Goldbloara and Libin (97) who also classified 

other cardiacs as the "Plus Type” corresponding to Groups 3 and it.

Waller, Blumgart, and Volk (98) in 19ii0, studied four 

patients with peripheral evidence of cardiac failure. They demon

strated an initial blood volume ranging from 125 to 230 per cent 
of the expected normal values. With clinical improvement follow

ing therapy, the blood volume fell to normal in two. The two 

others showed no evidence of decompensation but retained increased 

blood volumes. , Initially, they noted both the plasma volume and 

red cell volume to be increased in the same percentage. With im

provement the plasma volume decreased to a greater extent than the 

red cell volume. But as the blood volume continued to fall, the 

red cell volume tended to return to a noraal ratio with the plasma 

volume.

Brown and Rowntree (99), and Stewart (100) have shown the 

specific gravity of the blood in cardiacs who were in water balance 

to be normal. In cardiacs with the onset of diuresis, whether 

spontaneous or with diuretics, the specific gravity fell and the 

blood volume increased. However, after diuresis had proceeded, 

the specific gravity increased to normal or above and the blood 

volume fell. They felt that this increase in blood volume was due 

to dilution from migration of extravascular fluid to the blood stream

76
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and the increased volume In turn stimulated the kidneys to diuretic 

action.

An increase in the serum volume relatively greater than 

that of the blood volume was observed by Seymour et al, (101) in 

cardiac congestion# The blood volume ranged from 229 to 21*0 per 

cent of normal and with compensation the mean decrease was 1.15 

liters or 25 per cent. In compensation, the decrease in plasma 

volume was 0.92 liters or 35 P«r cent. In their investigation of 

the extracellular fluid volume, they discovered with recovery a 

mean decrease of 12,72 liters. However, with compensation tie 

extracellular fluid amounted on the average to 32 per cent of the 

total body weight or about 50 per cent above normal.
In 1914»» Warren and Stead (102) confirmed the evidence of 

an increased blood volume in cases of decompensation. The increase 

in the plasma volume, they believed, was due to retention of solium 

said water by the kidneys with homodilution of the blood. This then 

served as a stimulant for the formation of protein by the tissues 

and its migration into the blood stream since the concentration of 

the plasma protein remained normal. They could show no evidence 

that hypoproteineraia was a factor in the formation of cardiac edema. 

However, Seymour et al. (101) found the serum protein to increase 

with compensation, mainly from an increase in the globulin fraction.

In 19U2, Meneely and Kaltreider (103) determined the blood 

volumes in fifteen cases of cardiac failure, all of whom had in

creased venous pressures. The blood volume was increased in every



78

case. This Increase was substantial, being over 20 per cent in 

thirteen patients. There was a great variability in the increased 

blood volumes and also in the degree to which the plasma and red 

cells contributed to this increase. No statistically significant 

difference was observed between the increase in cell and plasma 

volume. No simple correlation was noted between the total blood 

volume and toe venous pressure. In three patients observed during 

the improvement phase, all the measurements tended towards normal. 

The plasma volume decreased more than the red cell volume.

DePalma and Kendall (10h) attempted to correlate the rela

tionship between blood volume and blood specific gravity in the 

recovery from cardiac decompensation. In one group with a high 

initial blood volume toich fell during recovery, they found during 

the first two days a marked fall in the specific gravity of the 

plasma. The hematocrit fell during the same period. With further 

recovery, there was a gradual rise in toe specific gravity and the 

hematocrit level to control or slightly above control levels. In 

another group with essentially toe same clinical findings, they 

did not find a markedly Increased blood volume during decompensated 

states. In toe latter group, recovery resulted In only slight 

decreases in the blood volume. Here, there was either little 

change in the specific gravity or a mall rise during the first 

period of recovery.

Eight cardiac patients with evidence only of left heart 

failure were found to have a mean increase in the plasma volume
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above predicted levels of 8.6 per cent— hy Perora ($7). In 

eight patients with essentially signs and symptoms of right heart 

failure, he observed a mean Increase of 78.8 per cent with a range 

of plus hO to plus 220 per cent. Perora considered the marked 

increase to be due to dilatation and engorgement of vascular chan

nels In the liver and portal circulatory beds.

Changes In the plasma volume and total extracellular (thio

cyanate) space were made by Leard and Freis (105) In patients under

going dehydration by means of low water, low sodium intake, ammonium 

chloride and raerallurido with theophllins (Mercyhydrin). In four 

edematous patients so treated, tiiree with cardiac failure and one 

with hepatic disease, the mean decrease in plasma volume was U80 00. 
and tote reduction in the total extracellular space ranged fresa 

5,700 to 18,777 oc. with a mean decrease of 12,210 00. The plasma 

volume contributed only it to 11 per cent of the decrease in the 

thiocyanate space. In control normals under a similar regime, the 

mean reduction in the total extracellular space was l,3h0 cc., the 

plasma volume contributing lt7 per cent of the decrease.

Seven patients in cardiac failure were studied by Nylin and 

Hodlune (106) with red cell volume determinations being made with 

radioactive P-^ tagged erythrocytes. An increase in the plasma and 

red cell volume was noted in all. With compensation, they confirmed 

a decrease in the volumes of both. They noted the increase In blood 

volume to be particularly pronounced with severe edema. Where the 

decompensation was expressed mainly in pulmonary congestion, there
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was only a alight increase in the red cell and plasma volumes. 

However, also using tagged (p32) erythrocytes, Rosa, Baker and 

Freis (107) found no significant increase in the circulating 

blood volume of patients In congestive failure aa compared with 

normal individuals*

Continuing the investigation, using radioactive phosphorus 

tagged rod cells, Prentice, Berlin et al. (108) in 19>1, demon

strated normal blood, plasma and red cell volumes in twelve out of 

twenty-seven patients with cardiac decompensation. The etiology 

of these twelve was arteriosclerotic or hypertensive heart disease. 

Of these, one had marked evidence of right heart failure, four had 

findings of left heart failure, and the remaining seven had signs
■f

and symptoms of significant degree both in the greater and lesser 

circuits. The remaining fifteen had increased levels in the 

plasma, red cell and total blood volumes, as well aa findings of 

both right and left heart failure. Seven of these fifteen had 

rheumatic heart disease and had a much higher average blood volume 

than the other eight who were diagnosed as having either arterio

sclerotic or hypertensive heart disease. However, one patient with 

rheumatic heart disease had normal volume levels and two of the non- 

rheumatio group had high blood volumes. Ho correlation was found 

between either venous pressure or circulation time and the blood 

volumes.

In four patients with normal volume values during congestive 

failure, studies were made upon return to compensation. In all four



81

there was a significant rise in the volume determinations. In a 

single stu4y on a non-rheumatic with increased blood volume, the 

blood volume increased with return to compensation. One patient 

with rheumatic heart disease and with high volume findings was 

followed to recovery» A decrease in the blood volume was noted, 

the red cell volume remained unchanged but the plasma volume decreased, 

falling 3»1 co» per kilogram of bocfer weight»

In all the investigations cited, the predicted normals were 

based on the heights of the patients, The weight and body surface 

area were considered to be too much of a variable to be reliable»

Thus, the only constant was the height, Prentice and Berlin et al, 

used the weight of the patient at the time of each determination 

to predict the normal blood volume. In those patients who were 

studied in both the compensated and uncompensated stages of their 

illnesses, the plasma and blood volumes per kg» of body weight were 

also based on the weight at the time of the determination» Were 

they justified In using these varying values in their evaluation?

What is the normal weight of the cardiac patient which one can 

utilise in making predictions and observations? But in examining 

their figures, there is seen to be actual increases in the plasma 

and blood volumes upon compensation, (It must be kept in mind 

that the plasma volumes were calculated from the red cell volume 

observed and the hematocrit.)
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Effect of Diuretics on Plasm and Blood Volumes

In the treatment of patients with cardiac failure, agents 

are used with aid in the elimination of the Increased extracellular 

fluid. In observing the effect of various drugs acting as diuretics 

on normal humans, Calvin, Deckel, and Herman (109) noted that the 

Intravenous injection of digoxLn*, 2 mgm., first caused a slight 

increase in the plasma volume. As the rate of urinary flow acceler

ated, this increase disappeared and was followed by a reduction 

in the volume.

Using mersalyl with theophylline intravenously, they observed 

that a dose of 2 oo. caused a marked diuresis with the eliminated
I

fluid appearing to come mainly from the plasma because of the decrease 

in plaaena volume. Following this, the plasma volume returned to 

normal,

Iyone, Sander and Johnston (110) observed a mean loss in 

weight of 1.75 kg. resulting from the injection of 2 oo, of melluride 

with theophylline in ten normals. Tho average decrease in p la ana 

volume amounted to f 3 o c ,  Lyons, Jacobson and A very (1U) noted 

the same changes with melluride with theophylline. In addition, they 

described an increase In the hematocrit of 2.9 mm, or 6.9 per cent.

The latter investigators (112-113) found that the use of a low salt 

diet and ammonium chloride produced a greater weight loss, averaging

* The author questions the classification of digoxin as a diuretic 
drug in normal humans.
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3*1 per cent than that with melluride with theophylline alone.

The average plasma volume decrease was 1*03 cc, The addition of 

melluride with theophylline to those subjects already dehydrated 

with low salt diets and ammonium chloride produced a further weight 

loss of 3*91* per cent and decrease in the plasma volume with a mean 

fall of 329 cc. The combined effect of the low salt diet, ammonium 

chloride and meralluride with theophylline was a loss of weight of 

3.68 kg* or 6.7 per cent and & mean decrease in plasma volume of 

730 cc. They found that on a measure of weight change, diuresis 

free* marallurd.de with theophylline was increased by preparation 

with a low salt diet and ammonium chloride but the change in the 

plasma volume was leas pronounced. The plasma volume accompanying 

the administration of ammonium chloride alone returned toward 

normal levels if the drug was continued even though diuresis per

sisted.

With dehydration by the simple means of water deprivation 

in dogs, Hopper, EUdLngton, and Winkler (lilt) reported a diminished 

intra- and extracellular fluid levels to the same degree. But the 

plasma volume decreased by 21 to 26 per cent. Dehydration by de

pletion of fluid intake and of sodium chloride by means of peritoneal 

lavage in the same animals resulted in the loss of fluid which was 

mainly extracellular. The plasma volume decreased 28 to 1*2 per 

cent, a much greater lose by the omission of the sodium and chloride.

On four normal subjects given a low salt diet, ammonium 

chloride, 2 cc« of moralluride with theophylline, and fluids less
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than 1000 oc* per day, Leard and Fries (106) observed a decrease 

In blood volume averaging 535 cc. with a range from ZLO to 1,100 c®. 

This contrasted with the sane regime In patients with cardiac fail

ure who had a decrease ranging from 315 to 690 cc. with an average 

of hSO oc.

Author’s Investigation of the Plasma and Blood 
Volumes in Patients with Cardiac Failure

Blood volume studies were made on nine patients consecutively 

admitted in a state of congestive failure. The duration of decompen

sation varied from six years to one and one-half months. Four of 

the nine were females. Five patients had arteriosclerotic heart 

disease, two had syphilitic heart disease with aortic regurgitation, 

and there was one case of rheumatic heart disease with mitral sten

osis. The remaining patient had hypertensive cardiovascular disease. 

The average age was 6U.5 years with a range from fifty to seventy- 

eight years. Clinical criteria on the nine patients is included 

In Table 1U. It will be noted that all the patients had evidence 

of both right and left heart failure. However, the last patient 

listed, #212iiU5, had dyspnea and orthopnea much out of proportion 

to signs of peripheral congestion. This was also true of case 

#210082 to a lesser extent.

The patients were all placed on bed rest and treated in an 

identical manner. The diet consisted of a low salt, less than two 

grams of sodium chloride per day, with fluids administered as desired



TABLE 11*

PRESENTING SYMPTOMS AND FINDINGS ON NINE PATIENTS 
WITH CONGESTIVE HEART FAILURE CM WHOM PLASMA AND 

BLOOD VOLUME DETERMINATIONS WStE MADE

Patient Diagnosis6
x — ! B $ r V 3 & r
Sex cm, kg. Edema Liver

207995 AS® 72 F 153 51
* ♦ * *

7 cm.below 
SCMb

208019 AS® 78 F 152 60 1* en.below
SCM

208862 Rh.Ht-Aurlcu- 
lar fibrilla
tion

62 F 170 68.2 * - m 6 cm.below 
SCM

208581 AS®
Diabetes Lues

59 F 162,5 57.7 -H 4- Not palpated

208211 AS® 7U M 172.7 58 -H» Not palpated

209U79 AS® 68 M 172.7 72.5
1

+ + Not palpated

210082 LHD 59 M 177.8 58.2 4-+ 6 cm.below
SCM

211331 LID 59 M 165 69.1 0 3 am,below
SCM

2121*1*5 HCVD 50 M 177.8 68*2 •H Questionable

a. AS®--Arteriosclerotic heart disease,
Rh. iIt— Rheumatic heart disease,
L®— -Luetic heart disease with aortic regurgitation, 
• fCVD— 1 tfpertensive oardio-vaacular disease#

• SCM— Subcostal margin.b



TABLE 11*— Continued

Dyspnea Heart Lungs B.P.
o r
mm. of illness

♦ m Enlarged. Ap
ical systolic 
murmur Gr.III

Basal rales. 
Dec.resonance 
bilateral

llt0/80 21*2 15 months.

t+t Enlarged. Sys
tolic aortic 
murmur Or.17

Basal rales. 
Dec.resonance 
bilateral

150/81* 298 2 years. Pre
sent episode 
for one month.

none
when
quiet

Enlarged. Ap
ical diastolic 
& systolic mur
murs. Auric, 
fibrillation

Basal rales, 
bilateral, 
Dec. reson
ance, right 
base

121/86 180 30 months with 
present symp
toms for three 
weeks.

none
at

rest

Slight enlarge
ment. Aortic 
systolic murmur

Right hydro
thorax

160/70 265 Uncertain. 
Definite edema 
for 3 months.

t+++ Very large. 
Soft apical 
sys. murmur

Bilateral ba
sal rales and 
dec.resonance

100/56 21*5 One and one- 
half months.

♦ Enlarged. Ap
ical and mitral 
systolic murmur 
Auricular fib
rillation

Congestion, 
right base 
with right 
hydrothorax

112/62 not
done

1* years with 
present symp
toms 3 weeks.

Enlarged. Sys
tolic and dia
stolic aortic 
murmurs

Dyper-reson- 
ance. Cardiac 
asthma

150 A o 88 2 years with 
present symp
toms for 3 
months

4 M Enlarged. Sys
tolic and dia
stolic aortic 
murmurs

No abnormal 
findings on 
examination

11*0 /6 0 not
done

3 months.

H Huge. Gallop 
systolic rhy
thm. Soft qys- 
tolic apical 
murmur

Insp. & exp. 
sibilant 
rales. Cardiac 
asthma

U o / n c not
done

«

6 years. Acute 
symptoms for 
3 weeks.
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by tiie patient. All of the patients had been under treatment for 

their decompensation at the outpatient dispensary except case 

#211311 who was digitalised during the present admission. During 

their hospital stay they were all on digitalis, 0.1 gm. daily, and 

ammonium chloride, 1.0 gm. four times daily. Mercurial diruetica 

were administered as meralluride with theophylline, 2.0 00., intra
muscularly. Meralluride with theophylline was not given in any 

routine pattern but was ordered according to the condition and the 

progress of the patient towards compensation.

Venous pressure determinations were made on six patients 

using a Burch phlebohaumanometor. ¿ere position in this procedure 

was considered to be at the level of the entrance of the vena cava 

into the right auricle, using the fourth costal Interspace and the 

midposition between the anterior and posterior surfaces of the chest 

as the necessary landmarks.

Plasma volume determinations were made according to the 

procedures which have been outlined previously, using single sample 

determinations taken at fifteen minutes instead of ten. Repeated 

determinations were performed at the time of admission, during 

return to normal, and the last when the patient had become compensated. 

Predicted normal volumes on each patient were calculated according 

to the height (See fable 2, Page 1$.

Volume Determination in Decompensation

The observed blood and plasma volumes are given in Table 15.



TABLE 15

CHANGES IN PLASMA AND TOTAL BLOOD VOLUMES IN PATIENTS 
WITH CONGESTIVE HEART DISEASE UNDERGOING 

COMPENSATION WITH THERAFT

Pred.a Pred.a PI.
PI. Bl. PI. Bl. Vol.

Wt. Vol. Vol. Vol. Vol* cc*/

Bl. 
Vol. 

/cc
Date Patient kg' oc. cc. cc. cc. kg. kg. Hct.c

12/29 207995 51 1933 1*01*1* 2066 31*25 37.8 79.3 52.2
1/2 1*9.6 1996 1*176 1*0.1* 81*.2 52.5
1/13 1*5.1* 2031* 1*520 ltlt.7 99.5 55
1/20 37.7 1719 3753 1*5.6 99.8 51*.2

12/29 208019 60 2835 5670 2027 3368 1*7.3 9U.5 50
1/2 60 3063 5672 51 91*. 5 1*6
1/6 58.6 2652 1*927 U5.3 83.6 1*6.2
1A3 56.3 31*23 61*58 60.8 111.6 1*7
lA ? 5U.5 361*0 7000 66.7 128.1* 1*8
1/17 208862 68.2 1*335 7811 2836 1*712 63.5 115.2 1*1*.5
1/20 61.8 1*006 7855 61*. 8 127.1 1*9
1/23 60.1* 3766 7313 62.3 127.7 1*8.5
1/29

208581
62.7 3U58 6587 55.1 105.1 1*7.5

1/10 57.5 2301* 3!f39 21*51* 1*111* 39.9 59.6 33
1/13 5lt.lt 2618 1*028 1*8.3 73.9 35
1/20 1*7.7 2063 3382 1*3.2 70.9 39
V23 1*8.6 2221* 3706 1*5.7 76.2 1*0iA 208211 58 1*01*1* 7353 3001 5501* 69.7 126.7 1*5
1/6 55 31*95 6591* 63.5 119.9 1*7
1A7 1*8 2539 5182 52.8 108 51
1/29 2091*79 72.5 391*3 8215 3081 5501* 5U.3 113.3 52
2/1 68.2 3778 8001* 55.3 117.3 52.5
2/3 65.1* 2971* 6196 1*5.1* 91*. 7 52
2/7
2/30

58.6 2065 1*802 35.2 81.9 57
57.2 3011* 7001* 52.6 122.3 57

2/17 55.1* 3030 7011* 5U.6 126.6 56.8
2/25 55.1* 2636 5972 1*7.2 107.9 56.2
2A0 210082 58.2 3815 61*83 31*1*1* 5977 65.5 m.u 1*1
2A7 56.8 1*322 7065 76.1 12U.7 39
2/22 5U.5 37l*i* 6233 68.7 nii.i* 1*0
2/28 53 3878 6572 73.1 129.6 la
2/22 211331 69.1 3315 5867 2673 1*776 1*7.9 81*.9 1*3.5
2/26 61.1* 3001 5562 1*8.7 92.2 1*7
3/2 58.2 2365 1*927 1*0.6 8!*.6 52
2/28 2121*1*5 66.2 1*389 7837 3l*U* 5977 61*«3 lli*.9 10*
3/6 60.9 3652 7301* 59.9 119.9

a. Predictions of blood and plasma volume made according to height.
b. Blood and plasma volume /cc. of body weight made according to 

weight when determination made.
c. He t. — Hematocrit.
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The initial values in decompensation varied considerably» The 

plasma volume ranged from 179 oc» below to 1,1*99 oc» above tee 
predicted normal. The percentage of tec deviation from tee pre

dicted normals aim listed in Table 16» The range in congestion 

was from a minus 6»9 per cent to a plus 52*8 per cent with an 
average of 22,17 per cent above tee predicted volume.

The average total blood volume was 31,114 per cent above 
predicted volumes. The range was from 16.1* per cent below to 68.3 

per cent above the predictions. The observed blood volumes ranged 

from 675 cc, below expected volumes to 3,099 cc. above. All of the 

blood volumes were above normal except case #208581 who had an 
anemia. The lowest blood volume except for this case was 506 co, 

or 8,1* per cent greater than expected.
The red cell volume showed the greatest increase. The 

average percentage increase over the predicted volume was 1*1* per 
cent, Again, every patient was observed to have an increased deter

mination except #208851 whose red cell volume was 503 co, or 30,7 
per cent below the expected volume. The range in the other eight 

patients was from 135 cc. to 1,81*9 co. or 5*3 to 111,1* per oent over 
the predicted red cell volumes.

Patient #208581 had a secondary anemia of moderate severity 

and had as noted volume levels below those predicted. The volume 

determinations are oomplloated by the anemia and the low values are 

probably sooondaiy to it. However, Gibson, Harris and Swigert (115) 

in an investigation of twenty cases of anemias found a decreased
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total blood volume with a decreased red cell volume, but with an 

increased plasma volume« This reported increase is not demonstrated

in this patient*

The first patient listed in the tables, #207995» had a 

plasma volume lower tlian predicted upon her admission« She entered 

the hospital with grade 17 edema extending up to the sacrum and 

over the lower anterior abdominal wall* Two days before the first 

plasma volume determination, the patient received 2 oc. of moralluride 
with theophylline as an outpatient. This may have been the factor 

in producing the lowered volume. It is noted, however, that on 

admission tho deviation from the predicted normal red cell volume 

in tills patient was Increased per cent.

Blood and Plasma Volume Changes 
Observed In Compensation

The final determinations made upon the return of the patient 

to a compensated state showed a definite average change (See Tables 

15 and 15). Comparing the predicted volume values against the ob

served findings, there was very little change in the red cell which 

averaged bl,hl per cent higher than predicted or a decrease of 2,53 
per cent below the original observations.

The plasma volume showed a narked decrease, the final average 

volume equaling 5*33 per cent above the predicted plasma volume,
The average decrease in the plasr.a volume amounted to 535,7 co, in 

the nine patients.



TABLE 16

PERCENTAGE DEVIATION FROM THE PREDICTED NORMAL PLASMA,
RED CELL VOLUME IN NINE PATIENTS UNDERGOING 
IMPROVEMENT WITH CONGESTIVE HEART FAILURE

r r r s w • t t k r..'apai!r,r a'lswgTrTO^iwii»wr.'^»Mf''iil;TllT
Deviation from Deviation from Deviation from 
predicted noraal predicted normal predicted normal 
plasma volume red cell volume total blood volume

Patient Date per cent per cent per pent

207995 12/29 * 6*5 4 5Uell 4 17.7
1/2 * 3*it 4 59.lt 4 18.6
1/13 * 1*6 4 81.1 4 31.5
1/20 • 16*8 4 lt8.7 4 9.3

208019 12/29 4» 39*8 4lll.it 4 6 6 .3
1/2 4 51*1 4 9ÎI.5 4 68.3
1/6 4 30.6 4 69.6 4 U8.9
1/L3 4. 68.8 4126.3 4 91.7
1A7 4. 79,6 4l5»*5 4307.8

208862 1/17 4* 52*8 4 86.0 4 65*7
1/20 4. ia ,2 4105.1 4 6 6 .7
1/23 4.32*7 4 89.8 4 55*1
1/29 * 21.9 4 66.7 4 39.7

208581 l A o *• 6 .9 - 30.7 » l6.lt
1/13 4 5*6 - 13.9 • 2*0
1/20 * 16.6 - 19.li - 17.7
1/23 — 20*2 « 11.7 - 9.9

208221 l A 4 30.3 4 36.5 4 33.5
1/6 4 13.it 4 27.9 4 19*9
1/17 - 17.5 4 9.0 4 5.8

209U79 1/29 4 27.9 f 76.0 4 lt9*2
2 A • 22.6 4 7U.1 4 li5.lt
2/3 4 3.U 4 32.8 4 12.5
2/7 -  32.9 4 12.9 -  12.7
2A0 • 2.1 4 6L.lt 4 27.2
2A7 4 blt.l 4 27.lt
2/25 - 15*0 4 38.3 4 8.5

210082 2A0 4 1 0 .7 4 5.3 4 8 »It
2A7 4 25.U 4 9.0 4 18.5
2/22 4* 8.7 •* 1.7 4 It.2
2/28 4 12.1 <4 6 .3 4 9.9

211331 2/22 4 2!t.O * 21*3 4 22.8
2/28 4 12.2 4 26.5 4 18.5
3/2 •* 12.1 4 21.8 4 3.1

OT9t})|< 2/28 4 27.lt 4 36.1 4 31.1
3/6 4 6 .0 4 ltlt.l 4 22.2
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The total blood volume change was moderate* With compensa

tion the average was 20*53 por cent over the predicted blood volume, 
representing an average decrease of 61*6,2 cc.

Absolutely no correlation m s  found between the venous 

pressure and the blood volume (See C-raft 2) •

Discussion

In evaluating the observations on an individual basis, It 

is noted that only one case, patient #208019, exhibited an increase 
in the volume values upon the return to compensation*

Patients #207995, #208581, and #210082 on repeated deter

minations while progressing from & decompensated to a compensated 

state, are observed to reveal only mall change® in plasma and blood 

volumes* In Table 17 are shown the variance between the observed 

and mean values in each patient* Also shown are the percentage 

changes represented by tho variance between the observed and the 

mean values.

The average percentage variation of the observed plasma 

volume from toe mean values is 5*66 per cent and of the blood 
volume is 5*01h per cent* The highest variation from the mean of 

toe plasma volume is 13*7 P®r cent and two other' determinations are 

over 10 per cent* On repeated plasma volume determinations on 

hospitalised non-cardiac patients, as reported on page 66, toe 
average percentage variation from toe mean was 1**16 per cent, toe 
highest being 9*1* per cent*
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TABLE 17

MEAN VALUES OF THE BLOOD AND PLASMA VOLUMES IN THREE 
PATIENTS WHO SHOWED LITTLE VARIATION WHILE UNDERGOING 

COMPENSATIONi THE PERCENTAGE OF THE DIFFERENCE 
BETWEEN THE OBSERVED VALUES AND THE MEAN

'Plasma Volume ’ ïïîoocT Volume

Patient Date cc. o
 M

Diff.c
X

CO.
X-X
CO.

~ T o f
Diff.

207995 12/29 1921 12 0.6 U123 79 1.9
1/2 75 3.9 53 1.28
lA 3 113 5.9 397 9.6
1/20 202 10.5 370 8.9

208581 1/10 2302 2 0.09 3639 200 5.6
1A3 316 13.7 389 10.7
1/20 239 10.38 257 7.06
1/23 78 3.U 67 1.8

210082 2/10 3910 125 3.17 6593 n o 1.66
2A7 382 9.7 1*92 7.U6
2/22 196 i*,9 260 3.9
2/28 62 1.57 21 .318

a. X—-Mean value of determinations.
b. X-X— Mean value minus the observed value.
c. Percentage of the difference from the mean.

TABLE 18

RELATIONSHIP BETWEEN THE PLASMA VOLUME AND 
THE RED CELL VOLUME IN DECOMPSNijATED AND 

COMPENSATED STAGES OF HEART FAILURE

Patient
Plasma Volume-Red Cell Volume Ratio

Decompensated Compensated Change

208862 .801 .901* +.103
201211 .81 1.01* +.230
209U79 1.081* 1.637 +.51*9
2H331 .765 1.139 +.37U
212145 .783 1.000 +.213
208019 1.000 .923 -.077
207995 1.092 1.183 +.091
208581 .1*92 .666 ♦  .171*
210082 .6 99 .695 -.001*
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The blood volume determinations on those three patients 

have an average percentage difference from the mean of 5*6 per 

cent. Hone of these variations wore found to be greater than that 

noted In the nonoardiao patients#

However, these three patients were subjected to diuretic 

medications with good results as evidenced by an average weight loss 

of 9*06 kg# They were not in a constant state of fluid equilibrium 

and would be ejqsected to show variation in the plasma volume deter

minations# But the observed variations were slight when compared 

to the repeated determination on noncardiacs as already reported#

Thus, it would be difficult to conclude that those patients showed 

any significant variation in plasma and total red cell volumes In 

progressing to a state of cardiac compensation«

An Interesting clinical observation is made on the five 

patients who demonstrate a marked and significant decrease in the 

plasma and blood volume upon their return to compensation# They all 

received a minimus of two 2 cc# injections of mellurid© with theo

phylline after all evidence of peripheral edema had disappeared#

The diuretic was continued because of the continued presence of hydro

thorax In two oases, enlarged tender liver In two oases, and evidence 

of pulmonary congestion without hydnothorax In one ease. In comparison, 

two of the above oases, #207995 and #208i*6l, and patient #208019 who 

had increased volumes with therapy, received no further mercurial 

diuretics upon clearing of the edema#

An exception is patient #210082 who received four intara-
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muscular injections of merallurlds with theoplyllLue after the 

edema had cleared. The average loss in weight in the nine patients 

was 9.3 kg., but the loss of weight in this patient was 5,2 kg*
During an eleven day period aubseo.uent to the clinical disappearance 

of the edema, he lost only 3,8 kg, while receiving the mercurial 
diuretic four times* He, therefore, showed a lack of diuresis as 

compared with trie other patients and tills may account for the fail

ure to demonstrate fluid changes after the edema had subsided. The 

patient showed a poor response to treatment of M s  syphilitic heart 

disease with slow improvement of dyspnea and orthopnea. This lead 

to the prolonged administrations of the diuretics*

Calculations were made determining the plasma and total 

blood volume in terms of oo. per kilogram of body weight according 

to the weight of the patient at the time each volume was accomplished. 

These are recorded in Table 15* It was found that four patients 

showed upon compensation an increase in the plasma and blood volumes 

per unit of body weight* One of these was the patient who had in

creased volume values on return to normal and in whom such a result 

would be expected* The other three were the same patients whose 

observed total blood and plasma volumes failed to show significant 

change during the transition from the decompensated to the compen

sated state of their heart disease.

This correlates with the observation of heard and Freis 

(106) that in edematous patients the plasma only contributes it to 
11 per cent of the fluid lost try diuresis. The loss of weight would
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then be mainly contributed by the decrease in the exbravaocular 

fluid with an Increase in the ratio of body wight to the blood 

and plasma volume* One noncardiac patient was subjected to a 

regime of mercurial diuretics, ammonium chloride, low salt diet 

and digitalis. In a period of eleven days *ne lost a total of 6,2 

kg* with decrease of 1, Ri>0 cc. In plasma volume and 2a0itl cc. In 
blood volume* In this patient the volume of plasia lost in rela

tion to the decrease in weight amounted to 29''**7 cc. per kilogram 
of weight lost* The decrease in total blood volume equaled 329*3 

cc* per kilogram of weight lost. In the cardiac patients studied, 

the greatest loss of plasma and blood volumes during diuresis, 

calculated on volume per kilogram of weight lost, amounted to 

159 *it co* of plasma and 225 cc* of blood* The one noncardiac 

patient studied thus is noted to have had a much greater loss of 

plasma per kilogram of weight lost with diuresis than any of the 

cardiacs* Learn and Frels in their same report describe the plasma 

contribution to be 1*7 per cent of the total fluid loss in a non- 
edematouB patient subject to diuresis*

The red cell volume during congestive failure was found to 

be increased to a much greater degree than the plasma volume. With
X

compensation, the change In the red cell volume was minimal, de

creasing from hit to iil.it? per cent above the predicted normal. It 

has been noted previously that the red cell volume as determined 

by the use of tagged, erythrocytes as from 12 to 29 per cent lower 
than that secured from the hematocrit and the plasma volume which
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was determined with ¿vans Blue dye. The actual values obtained 

for the red cell volume in these cardiac patients are undoubtedly 

high and not accurate. However, in comparison with noncardiao 

patients there is demonstrated increased volumes. If the patients 

had boon followed for a longer period of time after their return 

to compensated levels, the red coll volume and hematocrit may 

have returned to the original values as reported ty Waller, Blum- 

g&rt# and Volk (99)# and Gibson and ¿Vans (Bo). Weller, Blumgart, 

and Volk have demonstrated an increased reticulocy ty to sis during 

congestive failure indicating increased production of erythrocytes. 

This was not investigated in this study.

The relationship between the plasma volume and the red cell
I

volume in compensated and uncompensated states was investigated.

The five patients who received mercurial diuretics after disappear

ance of the peripheral edema and who then had significant decreases 

in the blood and plasma volumes showed greater variation in this 

relationship than the other four. The plasma volume-red cell 

volume ratio on returning to compensation had an average increase 

of 0.299 with a range from 0.103 to 0.J&9 in these five. The 

average increase in the plasma volume-red cell volume ratio in the 

other four was 0*89 with a range from minus 0,079 to plus 0.17lt,

The five patients a m  thus observed to have a hemoeonoentration 

when compared to the others. The calculated ratios are listed in 

Table 18,



CHAPTER XI

SUMMARY AND CONCLUSIONS

The investigation has consisted of a review of the various 

methods used In the determination of the plasma, red cell, and 

total blood volumes with emphasis cm the use of Evans Blue df® 

(T-182U). A stucfer has been made of the accuracy of the Evans Blue 

dye procedure In determining red cell and plasma volumes by dif

ferent investigators using other methods and approaches. The 

reliability of the Evans Blue dye method was studied on hospital

ised patients. The effect of transfusions of whole blood on the 

recipient's plasma and red cell volumes was investigated* And 

there was carried out an Investigation of the blood volume In the 

decompensated and compensated phases of cardiac disease.

Prom 1700 until 1915» margr cumbersome and Inaccurate methods 
for securing the total blood volume were used. In 1915» the first 
practical method, the use of vital red dye, was introduced. This 

gave relative accurate results but had the disadvantage that its 

disappearance rate was rapid and accurate methods for correction 

for hemolysis could not be made. Investigation of other vital dyes 

led to the study of Brans Blue which was found to have the slowest 

disappearance rate frern the blood and could be utilized with accurate 

results in the presence of hemolysis.

Carbon monoxide was used during the same period when Evans 

Blue dfero was investigated but the method and equipment was complicated
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for clinical use»

In 19lj0, radioactive isotopes were first used in the deter

mination of tito blood volume« Radioactive phosphorus (P-^) and 

iron (F©££ and Fe^) by attachment to the eiythrocytos and injec

tion into the circulation can be used in tito determination of the 

red cell volume. Other isotopes, radioactive sulfur, bromine, and 

iodine (il31)# bound to the protein of plasma and injected into 

the blood stream were utilised In the determination of the plasm 

volume. Only 1 ^ 1  proved to bo practical and accurate. Radio

active chromium has also been investigated. It will unite with 

either the red cells or plasma depending upon its form but at 

present has not proven worthwhile* The radioactive isotopes of 

phosphorus, iron and iodine have been shown to give accurate re

sults in the determination of the plasma and red cell volumes, but 

suffer the disadvantage that special equipment, separate labor

atories and careful precautions arc necessary. The methods used 

aro more complicated and prolonged than with Evans Blue dye.

The determination of the plasma volume with Evans Blue dye 

is covered in Chapter III. It is an azo dy® which has proved free 

of toxicity in man. It is complicated by the vital staining of the 

skin and solera on large or repeated doses. In clinical use, 25 mgm, 

doses arc commonly employed but with experimental studies doses 

of 0.15 to 0.3 mgm. per kilogram of body weight are recommended.
The dye is united in the blood stream to the albumin in a firm bond. 

However, there is some evidence that a mall amount may be bound to



tiie globulin fractions« It does not become attached to the red 

cells, but a minute amount is found in the white cells. The dye 

loaves the blood stream 1(7 migration as bound to the protein, a 

snail amount by way of the lymphatics and a certain amount is 

picked up by the cells of the reticuloendothelial system, Immed

iately following injection, small amounts of the dye in an un

ionized form :titty cross the capillary membranes and bo cone fixed 

by the tissue proteins at a rapid rate wfaioh continues until the 

tissue proteins have become saturated. It is excreted in the bile 

after first passing through the liver where it is separated from 

tho albumin. In abnormal conditions whore the capillary endothelium 

is altered as in bums or inflammation, the dye directly loaves 

the circulation.

By obtaining simultaneous samples of blood from multiple 

sited in the body* tho mixing time of Svaas Blue dye has boon deter

mined to be approximately ton minute a in normal humans. In cases 

of shock or congestive failure it is fifteen minutes. With increased 

velocity of the circulation, as in thyrotoxicosis, the mixing time 

is probably below six minutes. However, other substances, such as, 

radioactive isouopes or undyed plasma, have been demonstrated to 

have mixing times of under five minutes, usually being mixed within 

throe minutes. This delay in the mixing time of Evans Blue dye is 

probably due to an initial rapid loss of the dye from the blood 

stream, tho exact nature of which has not been definitely settled.

The disappearance rate of the dye from the blood strero

101
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varies with each individual and ranges from 5 to 10 per cent of the 
injected dye during the first hour. The concentration curve is 

obtained from multiple samples taken after injection and is com

posed of the mixing curve and disappearance curve. By means of 

extrapolating these values back to aero tine, a concentration value 

is reached which would be present if the <£re had been completely 

mixed and none had left the blood stream. Various extrapolation 

curves have been recommended. They attempt to correct for loss of 

4yo during the mixing time. Decreased concentration values which 

are present ten minutes after injection of T«l82ii result in larger 

observed plasma volumes. Single determination at ten minutes in 

normal subjects, or at fifteen minutes with patients in congestive 

failure, will give satisfactory results if used constantly. In 

experimental investigations, however, extrapolated concentration 

values are recommended.

The determination of the concentration of dye is made with 

a spectrophotometer. Correction for hemolysis in the plasma sample 

is easily accomplished and billrubineotia is not a disturbing factor, 

Iipemia may interfere with accurate results but if the patient is 

in a fasting state, this factor should not arise. The blood volume 

is calculated from the hematocrit and the observed plasma volume.

However, the determination of the red cell and total blood 

volumes from the hematocrit and the plasma volume as determined by 

the Evans Blue dye method result in values which are higher than in 

other procedures. This is discussed in Chapter IV, Qy direct
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determinations of the red cell volume, values ranging frcen 12 to 

29 per cent below those calculated from the plasma volume and the 

hematocrit have been observed. The arterial or venous hematocrit 

by these and indirect methods has been shown to be higher than the 

body hematocrit. The centrifuge hematocrit by the trapping of plasma 

among the packed red cells adds to the error of the hematocrit by 

an increased cell volume of approximately l> per cent* Seme also 

believe that the measurement of the plama volume by Evans Blue dye 

gives unduly high values but from a clinical diagnostic point of 

view, the errors in the use of Evans Blue dye «arc not too serious*

The actual quantities of red cells involved range from 100 to 

600 oc* in individual cases*

Chapter V is a report of normal plasma and blood volumes as 

reported in the literature* In males, this amounts to U5 cc* per 

kilogram of boefy wight for the plama volume, while the blood vol

ume equals around 85 cc. per kilogram of body weight. In females, 

the averages are approximately IjD cc. and 70 cc. per kilogram of 

body weight for the plasma and blood volume, A marked range among 

normal individuals is noted, amounting to 30 per cent above and be

low the average normals. Lower average volumes are reported with 

the use of the radioactive isotopes* In women, the highest correla

tion has been found between the body surface and the observed volume 

values, while in men, the highest correlation is found to be with 

the height. However, the height Is the only constant, toe weight 

and body surface being quite variable in each individual. In



predicting normal values, therefore, It Is recommended that they 

be baaed according to the height. Repeated determinations on 

normal individuals have been shown to vary up to 10 per cent with 
an average variation of about 0 per cent in both the plasma and 
blood volumes.

Warmth has been shown to increase the blood volume, cold 

to decrease it. Prolonged bed rest has been observed to lower 

blood volumes as has also strenuous exercise. Thus blood volume 

determinations should be made on patients under basal conditions 

in a room of moderate temperatures

Chapter VII is concerned with the method in which plasma 

volume determinations were made in this investigation. The constant 

for the lot of dye used was found to be 72.170. The dye was in

jected in syringes callibrated by weight to contain certain amounts 

of the dye. The dye injected was administered in diluted solutions 

with saline, 1 cc. containing 1.22h mgm. of the Evans Blue cfcre.

The determinations were made using single ten minute samples in 

non-cardiac patients and fifteen minute blood samples in patients 

with cardiac failure. The extrapolated method utilizing the con

centration value at zero time was used in a few patients on them 

the effects of transfusion were being studied. All deteminations 

were read in a Coleman Junior spectrophotometer.

Forty single sample determinations were made on sixteen 

hospitalized patients. In the first thirty-six determinations, the 

amount of dye retained in the syringe following injection and

1DU
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flushing was measured. The amount of dye retained resulted in an 

average increase of 5*5 co. in the plasma volume which is considered 

insignificant.

In thirteen male patients, the observed average plasma vol

ume was 1$6.32 oo. per kilogram of body wight and the blood volume 

was 8h*99 cc. per kilogram. In too two females studied, the averages 

were 39.6 cc. and 70.7 cc. per kilogram of body weight for the plasma 
and blood volumes. The observations on the women were too small 

a series for critical analysis but the values determined in both 

men and wesson correspond well to those reported in the literature. 

Repeated determinations were studied in the fifteen patients. The 

different values obtained on multiple determinations had an average 

variation from the mean plasma volume of li.16 per cent. The average 

difference of the total blood volume from the mean amounted to it. 77 
per cent on the patients studied. From the results obtained, it 

was considered that the use of ¿vans Blue dye in this investigation 

gave reliable results and could be used in abnormal conditions for 

further study.

Blood volume determinations were made prior to and immed

iately after the transfusion of whole blood to five patients. In 

another patient, the determinations were made on the day before and 

after transfusion. The evidence indicates that the plasma volume 

tends to remain constant with migration of the plasma transfused 

from tee circulation* The blood volume increase after transfusion 

is due mainly to the increased rod cell volume, the plasma volume
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returning to original values in about two hours. It is questioned 

uiîothor repeated blood transfusions unless given very rapidly and 

in excess numbers would raise the blood volume to such an extent 

that the intravascular pressure would rise and perpetuate hemorrhage 

in bleeding states.

Chapter X is the result of an investigation of too blood, 

red ooll, and plasma volumes in patients suffering from heart disease 

in decompensated and compensated states. The first portion consists 

of a review of the published investigations concerning this subject. 

There is no agrément in the observations made in different studies.

In determining toe blood volumes by the Evans Blue dye method, to© 

average blood and plasma volumes were found to be elevated in pat

ients with cardiac failure with evidence of peripheral edema. There 

was great variation and in each series studied, many of these patients 

had only alight volume increases. The observations on the relation

ship of the plasma volume to the red cell volume varied. Investiga

tors describe red cell volumes being Increased to a greater degree 

than the plasma volume, others noted just toe opposite, and still 

other studies revealod no relationship between the two volumes. In 

only one report was there a relationship between Increased blood 

volumes and increased venous pressures. In cardiacs with congestive 

failure at too onset of diuresis, two separate studies revealed a 

fall in the specific gravity which was felt to bo due to migration 

of extravascular fluid into the blood stream. After diuresis had 

proceeded, the specific gravity returned to original or higher values.
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On the return of the cardiac patients to compensation, the blood 

volumes were observed to have decreased* however, tills was not 

evident in every case. In general, the decrease was largely duo 

to a fall in the plasma volume with a heznoc oncontration, but again 

some studies demonstrated that the red cell volume-plasma volume 

ratio returned to original relationships soon after compensated 

levels had been reached. Other studies did not confirm this. 

Evidence was presented that the fluid lost in diuresis during 

therapy of cardiac patients with edema was contributed largely 

from the extravasoular, extracellular fluid.

Red cell volume determinations by the use of radioactive 

tagged isotopes in patients with cardiac failure resulted also in 

varied observations. One stuffy* demonstrated increased red cell 

and plasma volumes, the increases being more pronounced with severe 

edema. Upon return to compensation, decreased plasma and blood 

volumes were noted. Another investigation revealed no significant 

changes in cardiac patients from non-oardiaas. The most recent 

investigation cited reported marked red cell and plasma volume 

increases only in cases of rheumatic heart disease. In this study- 

increased red cell and plasma volumes were noted after compensa

tion was regained by patients whose red cell end plasma volumes 

during congestive failure were normal, Determinations in con

gestive and compensated states were made in only one patient who 

had original increased volumes. The blood volume was found to be 

decreased with compensation, mainly being due to a fall in the



plasa» levul, the rod cell volume remaining unchanged«

Tiros, from tlie published reports, only a few conclusions 

can bo made: Patients with decompensation but with no evidence of 

odeaa have no significant changes in their blood and plasm vol

umes* On the other hand, patients with adema may have increased 

volumes but there is groat variability In this observation. On 

rotura to compensated eta tea, those patients with increased red 

cell and plasma volumes usually show a decrease. The relationship 

of the rod cell volume to the plasma volume is variable but the 

majority of studios show the red. coll volume increase to bo greater. 

Patients with rheumatic heart disease may have higher volumes than 

individuals with non-valvular heart involvement. Diuresis in 

patients with congestivo heart failure is mainly at the expense 

of tho extravascular fluid.

Observations of the changos in plasma volume with the use 

of diuretics shew that the action of mercurial diuretics is en

hanced by preparation of the patient with a low salt diet and 

ammonium chloride.

Blood volume studies were made on nine patients in a state 

of congestive heart disease. The average plasma volume was 22.17 

per cent above the predicted volume. The total blood volume was 

increased 31.11* per cent and the red cell volume showed an increase 
amounting to bh per cent over the predicted normal. Only two 

patients wore observed to have plasma volumes that were not increased. 

One had an anemia. The other, however, had an increased red cell



and total blood volume. There was no relationship between the 

increase in the blood volume anti the type of heart disease in 

the small group of patients studied« The red coll volime was 

increased to a much greater degree than the plasma volume. There 

was observed no correlation between the increase In the blood 

volume and the heighth of the venous pressure#

With return of the patients to compensation, there was found 

a minimal change in the red cell volume; it decreased tram hk per 

oont to hi.it? po** cent above the predicted normal. The plasma vol

ume decrease was .much more marked, falling to 5.33 per cent above 

predicted values. In a breakdown of the patients, it was observed 

that one patient had Increased red cell, plasma, and total blood vol

umes over original values with compensation. Three patients were 

observed to have only slight changes In volume determinations when 

compensated* The five remaining patients developed significant 

doorcases in the plasma and blood volumes with the disappearance of 

the signs and symptoms of cardiac congestion. However, these five 

patients all received a minimum of two 2 oc. Injections of melluride 

with theophylline following the disappearance of their edema but be

fore the clearing of other objective evidence of congestion.

The number of patients studied is too small to apply statis

tical analysis. It is suggested from the observations that In the 

above patients with edema, diuresis occurring under therapy la 

mainly at the expense of the extiavascular, extracellular fluid,

With the disappearance of the edema, the plasma volume contributes

109
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a greater proportion of the diuretic fluid.

Prentice, Berlin ot al. (109) reported an increased blood 

volume in four out of five patients studied when compensated, This

was observed in one patient reported hero, So reason can be given 

for this phenomena.

The five patients with significant iacrcasoc in the plasma, 

end blood volumes upon the disappearance of the signs and symptoms 

of decompensation were observed to have definite changes in the 

relationship of the plasma to the red call volume with a resultant 

hmoe onoentration, The average Increase in the ratio iris 3,36 times 

as great as that of the other four patients. These five patients 

all received mercurial diuretics after the edema had cleared but 

while they still retained other signs and cyaptcsss of cardiac 

failure. It Is the Impression of this Investigation that mercurial 

diuretics should be used with caution in patients who are in con

gestive failure but with no evidence of edema because of the de

hydration and hemocoTKientration that may result. It has been shown 

by Marvel and Shullenberger (115) that hemoconoentratlon with in

creased visoocity of the blood plays an important part in the patho- 

ronesis of thromboembolie complications found in patients treated 

for congestive heart failure.

In the final analysi s frees tee review of the literature 

and tee observations made in this study, it is concluded that further 

investigations of the blood and plasma volume are necessary in 

patients with cardiac disease. Actually at tee present time, only



Ill

a relatively few patients have been studied in congestive failure# 

and a smaller number have boon observed In both compensated and 

uncompensated states.
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