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Harvard Medical School, Boston)

(Received for publication June 5, 1937)

Knowledge of the changes in blood volume tak-
ing place in the course of congestive heart failure
is necessary for an understanding of alterations
in the dynamics of circulation in that disease.
Changes in blood volume in cardiac decompensa-
tion reported in the literature are of a confficting
nature. Bock (1), Brown and Rowntree (2),
Thompson (3), Schiirmeyer (4), Mies (5), us-
ing modifications of the original dye method of
determining the blood volume; Plesch (6), using
the carbon monoxide method, and Ewig and Hins-
berg (7); using a combination of the two meth-
ods, have reported the blood volume as variably
increased during cardiac decompensation. The
most extensive studies have been made by Woll-
heim (8, 9, 10, 11), using a modification (12)
of the original Keith-Rowntree technique, Levin
(13), and Goldbloom and Libin (14). On the
basis of their studies these authors have described
two types of congestive failure; the so-called
" plus " and " minus " types. In the former
type, in which failure is characterized by cya-
nosis, distension of cervical veins, engorgement of
the liver, edema and other symptoms and signs
of congestion, the volume is said to be above
normal during failure and to decrease with com-
pensation. In the latter type, characterized by
pallor, poor venous filling, marked respiratory
distress and weakness, but no marked edema, the
volume is said to be below normal during failure
and to increase during compensation.

In this communication we will report the re-
sults of our studies in patients in congestive heart
failure, selected from the Cardiac Clinic and
Medical Wards of the Peter Bent Brigham Hos-
pital. Wehave employed the method developed
by Gregersen, Gibson and Stead (15), as modified
for clinical use by us (16). This method meas-
ures the plasma volume by means of an azo dye,
Evans Blue, and employs the spectrophotometer
for colorimetric estimation of dye concentration in

serial samples of blood serum. The total blood
volume and red cell volume are calculated from
hematocrit values of venous blood and the plasma
volume. In addition, many observations on ve-
nous pressure and circulation time were made by
methods previously described (16).

Changes occurring during the transition from
the compensated to decompensated state were
studied by means of statistical analysis of a large
number of single determinations in patients in
varying stages of heart disease. Cases were
placed in groups according to the severity of
symptoms and clinical signs of congestive failure.
Changes in the average values of these groups
were taken as characteristic of the trend of blood
volume, hematocrit, venous pressure and circula-
tion time in progressive congestive failure.

Changes taking place during recovery from
decompensation, or during further progression of
heart failure were studied by means of repeated
determinations in the same individual during the
course of his treatment for congestive heart fail-
ure in the hospital, or after discharge therefrom.
Both methods have certain limitations, but yield
results which are mutually complementary and
confirmatory and from which valid conclusions
as to the true state of circulatory dynamics in
heart disease may be drawn.

One of the principal difficulties in a study of
this sort is the selection of normal values for com-
parative purposes. Normal values for venous
pressures, circulation times and hematocrits fall
within clearly definable limits, and for this study
we have employed the average normal values
found by us by the methods employed as pre-
viously reported (17). The normal blood vol-
ume for a given individual can, however, be
assigned with less certainty. In a previous com-
munication (17), we stated that the blood volume
varied within wide limits in normal persons of
varying habitus and proportion of muscle and
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fat. We also stated that, within certain limits,
total blood volume in normal persons bore a rela-
tionship to height, weight and surface area. It
was our opinion that the average of normal values
based on either height or surface area obtained
in fairly large groups of individuals might offer
a reasonable basis for showing changes from the
normal volume levels occurring in disease.

It is obvious that weight is altered in certain
phases of cardiac disease, owing to the presence
of edema fluids during the congestive phase, and
also to the cachexia accompanying chronic heart
disease, to such a point as to be meaningless for
normal volume estimation on the basis of surface
area or weight. Wehave therefore used the least
variable of physical measurements, namely, height,
as the basis for estimation of normal blood vol-
ume in these studies. This procedure has the
advantage over using the average total blood
volume of a large number of "normal" indi-
viduals of varying age, type of build and state
of nutrition, of more closely estimating normal
volume with respect to the size of the individuals
comprising the different groups. While it must
be clear that such normal values for individuals
only approximate their true basal volume before
decompensation set in, we feel that comparison of
average deviations from normal of similar groups
shows trends of real significance. Similarly, in
individuals, increases or decreases of a range
greatly in excess of predicted normal values may
be taken as evidence of significant changes.

Changes accompanying progressive degrees of
congestive heart failure

Single determinations were made in 99 indi-
viduals with clinically proven organic heart dis-
ease. Blood volume, venous pressure and circu-
lation time were determined in the basal state
in each case. Cases were divided into four
groups.

Group I contained patients with valvular heart
disease who exhibited no symptoms or signs of
cardiac insufficiency. There were seven males
and eleven females in this group; with the ex-
ception of three females with congenital heart
disease all had valvular lesions diagnosed as being
of rheumatic origin.

In Group II were placed those patients who
had symptoms of cardiac insufficiency; dyspnea

on moderate effort, easy fatigue with or without
actual limitation of activity, but in whom no
physical signs of congestive failure were observed.
There were 12 males and 6 females in this group,
all of whomhad rheumatic valvular disease except
one male with luetic aortic insufficiency.

Groups III and IV consisted of patients in
frank congestive failure; those with venous pres-
sures above 150 mm. of water being placed in
the latter group, as exhibiting the most severe de-
gree of decompensation. Group III contained 12
males and 10 females; 5 of each sex had rheu-
matic heart disease, one male syphilitic aortic
insufficiency, 2 males and one female hyperten-
sive heart disease and the remainder chronic
myocarditis. In Group IV were 7 males and 8
females; 2 males and 6 females had rheumatic
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heart disease, 2 males hypertensive heart disease,
1 female constrictive pericarditis of unknown
etiology and the remainder chronic myocarditis.

A separate grouping was made of sixteen pa-
tients with essential hypertension, of whom9 were
males and 7 females, in whom there was no evi-
dence of renal or cardiac involvement. A few of
these complained of fatigue and voluntary re-
striction of activity, but because of the difficulty
of ascribing these symptoms to cardiac disability
no attempt was made to class these patients in
either of the first two groups. During the period
of observation the systolic blood pressure was
above 150 mm. of mercury.

TABLE I

Changes in blood volume, hematocrit, venous pressure and
circulation time in progressive stages of congestive

heart failure

Num- Average values for groups
ber of Average
cases predicted Total
__r__ total deter- Devia-

Group blood mined tion Ve- Cir-
3 volume blood from Hema- nous cula-

B 'w based on volume pre- tocrit pres tion
l 1 height dicted sure time

normal

CC. per mm. sec-
cc. cc. Per per cenf cent H20 ocdskgm. of cells

I1 7 11 4567 4348 79.0 - 4.8 41.1 77 17.5

II 12 6 4336 4524 76.7 + 4.4 45.2 75.5 24.2

Hyper-
ten- 7 9 4573 4714 67.9 + 2.7 43.9 77.5 20.0
aives

III 12 10 4656 5600 91.5 +22.3 44.4 107 37

IV 7 8 4264 6543 97.0 +SS.3 45.6 206 46.7

The results of these observations are pre-
sented in Figure 1 and Table I. While in each
group there was a considerable spread in the in-
dividual values for blood volume, hematocrit, ve-
nous pressure and circulation time, the trend of
the average values for each of these groups,
namely, a progressive increase above normal with
advancing decompensation is definite.

The average percentage deviation from normal
of each group is shown in Figure 2. The value
for Groups I and II may be considered to be
within normal limits. With the onset of physical
signs of congestive failure (Group III) a large
increase above normal, amounting to 22.3 per
cent occurs, while in severe failure (Group IV)
the increase above normal is 55.3 per cent. In
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GRESSIVE CONGESTIVEHEARTFAILURE

A definite increase occurs in Group II, preceding the
development of physical signs of congestion. The av-
erage percentage above predicted normal total blood vol-
ume for the group of compensated hypertensives is 2.7
per cent, and for five hypertensives in congestive failure
(included in Groups III and IV), is 362 per cent.

the hypertensive group the average value for
patients exhibiting no signs of failure, is well
within normal limits. In hypertensive patients in
failure, however, the total volume is above nornal
limits, the average elevation above normal of the
5 patients studied being 36.2 per cent.
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TABLE II

Relation of total blood volume and hematocrit to venous pres-
sure and circulation time

Number of cases Average Deviation
pre- Total from

Venous dicted blood predicted Hema-
pressure total vol- normal tocrit

Males Females blood ume voltame

mm. Hs20 cc. CC per cent Pe centofcells
0-74 11 12 4542 4800 + 1.29 43.7

75-99 10 12 4662 4700 + 0.9 44.6

100-149 17 7 4874 5730 +17.6 44.6

150+ 7 8 4264 6543 +53.5 44.4

Number of cases Average Deviation
pre- Total from

Circula- dicted blood predicted Hema-
tion time total vol- normal tocrit

MaleFemlesblood ume totalMalesl Females | bvolume volume

seconds cc. cc. per cent pof cest
0-19 7 16 4434 4330 + 3.6 41.7

20-29 17 1 4790 4960 + 3.7 44.8

30-39 5 9 4335 5564 +28.3 43.6

40+ 5 7 4460 5921 +32.7 44.9

The relationship of changes in absolute volume
to venous pressure and circulation time is shown
in Table II, from which it is apparent that, in
general, marked increases in volume take place
only when the venous pressure is in excess of 100
mm. and the circulation time slower than 20 sec-

onds; and that the degree of elevation in blood
volume is directly related to the degree of rise
in venous pressure and slowing of the circulation
time. It is also apparent that in the increased
volume of failure the rise is not equally shared
by the plasma and red cell portions, the increase
in hematocrit values from Groups I to IV sug-
gesting a slight concentration of the blood as

failure progresses.

Changes accompanying restoration of compensa-
tion or progression of decompensation

For this portion of our study serial observa-
tions were made in patients in varying degrees of
cardiac decompensation while under treatment in
the hospital wards. Clinical grouping of these
cases has been made, according to the course of

the patient's disease; those showing marked im-
provement; those undergoing fluctuating courses,
characterized by periods of improvement and
relapse; and those in whomthe disease progressed
to a fatal termination.

In Table III is shown the course of blood vol-
ume, venous pressure, circulation time, and hema-
tocrit in 13 patients in congestive failure in whom
bed rest, digitalization and diuresis were accom-
panied by a return to a compensated state. The
underlying etiology in the failure of these patients
is as described in the table. In every case the
blood volume at the time of the first determina-
tion, made at the time of admission to the hos-
pital, was in excess of the normal volume based
on body height for that individual, the extremes
in elevation ranging from 5.7 to 85.7 per cent.
The average value for the entire group is 29.6
per cent above normal.

In all these 13 cases, of varied etiology, a
striking decrease in blood volume, venous pres-
sure and a decrease in circulation time occurred
during compensation. Decreases in total volume
amounted to a liter or more in the majority of
cases, the extremes ranging from 220 cc. (Num-
ber 56, Table III) to 3950 cc. (Number 110,
Table IV). In general, those patients experienc-
ing the greatest clinical improvement as evidenced
by clinical signs, alleviation of symptoms, weight
loss and diuresis, had the largest reductions in
total volume from failure levels.

The reduction in plasma volume was at first
proportionately greater than the reduction in red
cell volume. In 9 of the 13 cases summarized in
Table III, hematocrit values rose as compensa-
tion was restored. Thus, as illustrated in Cases
55, 62, and 147 (Table III), with clinical im-
provement there was a considerable fall in plasma
volume accompanied by a moderate decrease in
red cell volume with resultant rise in hematocrit,
the change taking place in a comparatively short
time. With further improvement, the plasma
volume fell but little more, while the red cell
volume continued to diminish with resultant de-
cline in hematocrit value.

The reduction in red cell volume varied greatly,
a decrease of about 500 cc. taking place during
the transition from failure to compensation. The
largest reduction encountered was in Case 110
(Table IV), amounting to 1410 cc. in a period of
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TABLE III

Observations on 13 patients experiencing distinct clinical improvement under treatment for congestive heart failure

Pre- Blood volume Deviation
Case ~~~~~~~~~~~~~~~~~~~~~dicted Ve fc em ________ from
Case ~~~~~~~~total nous_ircu_Hem_preicte

num- Age Date Diagnosis Height Weight blood nn lation ato- normal
ber volume Prs time crit

basedon sure Plas- Red Toa total
heght ma cell tl volume

mm. sec- per
years CM. ksm. CC. Ht od cent c. CC. CC. per per centAZJU5Sof cells kgm.

36 June 10, 1935 Chronic myocarditis, 163.8 55.6 4890 65 64 43.7 3160 2460 5620 101.3 +14.9
Male 56 July 10, 1935 generalized arterio- 50.2 100 43 47.9 2700 2480 5180 101.5 + 5.9

sclerosis, hypertension
38 June 14. 1935 Chronic myocarditis, 170.2 66.6 5320 100 37 45.9 3690 3110 6800 102.7 +27.8

Male 72 July 5, 1935 arteriosclerosis, 58.2 40 33 45.0 3200 2620 5820 100.0 + 9.4
auricular fibrillation

50 June 27. 1935 Rheumatic heart dis- 157.5 52.2 3850 185 57 50.9 2800 2880 5680 108.8 +47.S
Fe- 25 July 10, 1935 ease, mitral stenosis 43.9 110 60 52.5 2700 2970 5670 120.0 +47.3

male Jan. 10, 1936 and insufficiency, 53.5 85 25 44,5 2560 2050 4610 83.0 +19.8
aortic insufficiency,
aurncular fibrillation

55 July 2, 1935 Chronic myocarditis, 169.0 94.6 5250 265 60 49.8 3890 3860 7750 81.9 +47.6
Male 51 July 9. 1935 auricular fibrillation, 80.2 55 38 57.6 2800 3810 6610 82.2 +25.9

July 24. 1935 angina pectoris. 81.0 40 28 51.9 3100 3210 6310 77.9 +22.1
arteriosclerodsi

56 July 3, 1935 Chronic myocarditis, 162.5 61.6 4780 140 30 40.5 3150 2140 5290 86.2 +10.7
Male 68 July 15, 1935 hypertension, 626 4 3. 0021 009. .

auricular fibrillation5626 24 3. 300 0157092 +61

62 July 9, 1935 Rheumatic heart dis- 167.6 71.4 5160 200 67 54.7 3160 3820 6980 97.8 +35.3
Male 46 July 16. 1935 ease, mitral stenosis 66.4 70 44 56.1 2530 3240 5770 86.9 +11.8

July 25, 1935 and insufficiency 65.0 50 39 51.2 2480 2350 4830 74.3 - 6.4

77 Oct. 12, 1935 Rheumatic heart dis- 157.5 61.0 3850 90 28 46.1 2190 1880 4070 66;.7 + 5.7
Fe- 63 Nov. 7, 1935 ease, mitral stenosis 57,8 90 50.3 1650 1670 3320 57 .3 -13.1

male and insiufficiency,
hypertension

87 Nov. 3, 1935 Rheumatic heart dis- 172.0 72.2 5320 100 60 41.9 3660 2650 6310 87.4 +18.6
Male 63 Nov. 10, 1935 ease, mitral stenosis 72.0 70 38 44.3 3160 2530 5690 79,1 + 7.0

and insufficiency,
auricular fibrilation,
hypertension______

147 Jan. 22, 1936 Chronic myocarditis, 161.3 59.2 4660 165 37 49.3 2540 2460 5000 84.4 + 7.3
Male 48 Feb. 4, 1936 arteriosclerosis 51.8 85 43 51.9 2200 2370 4570 88.1 - 0.9

Feb. 18, 1936 52.0 30 27 51.3 2200 2320 4520 86.8 - 3.0

162 March 27, 1935 Rheumatic heart dis- 185.4 101.4 5820 145 18 31.3 5060 2310 7370 72.6 +26.8
Male 45 April 23, 1936 ease, aortic insuffi- 87.2 75 29 29.8 4350 1850 6200 71.1 + 3.5

ciency, hypertension
169 April 1 1, 1936 Rheumatic heart dis- 163.8 63.8 4010 160 45 48.0 2420 2310 4730 72.7 +48.0
Fe- 29 April 2 1, 1936 ease, mitral stenosis 56.4 80 40 46.2 2310 1990 4300 76.2 +46.2

male and insufficiency

188 June 2, 1936 Constrictive pericar- 147.3 66.2 3150 290 50 44.1 3270 2580 5850 88.3 +85.7
Fe- 50 Dec. 16, 1936 ditis 63.0 122 24 44.5 3010 2020 5430 86.2 +72.5

male* Jan. 15, 1937 58.2 104 24 41.0 2920 2030 4950 85.2 +50.7
May 27, 1937 60.0 90 28 43.0 2595 1965 4560 75.9 +44.7

189 Jan. 2, 1936 Rheumatic heart dis,- 160.0 56.6 3930 195 44 42.3 3140 2350 5490 97.1 +39.7
Fe- 19 Jan. 19, 1936 ease, mitral and aortic 49.4 55 27 43.4 2540 1960 4500 91.0 +24.7

male stenosis and insffi-
ciency, auricular
fibrillation

*The second to fourth studies in the patient were made following successful surgical freeing of the pericardial
adhesions.

14 days. In none of the cases studied was com-
pensation accompanied by an increase in either
plasma or total blood volume.

In contrast, Table IV presents serial studies in
3 cases in whom recovery was not continuous but
was interrupted by a relapse to a more severe

degree of failure. During these periods of in-

creased f ailure of the circulation., as indicated by
clinical signs and symptoms, and f requently by
increases in venous pressure and in circulation
time, there was an increase in plasma and total
volume over levels previously attained during pe-
riods of improvement.

Serial studies in 5 cases in whom such fluc-
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tuating courses terminated fatally are presented
in Table V. It will be noted that the blood vol-
ume remained high or rose as the disease pro-

gressed.

DISCUSSION

Studies of the behavior of Evans Blue after
intravenous injection indicate that it does not ap-

pear in the pathological transudates of congestive

TABLE IV

Observations on 3 patients exhibiting a relapse while under treatment for severe congestive failure

Pre- Blood volume Deviation
dicted Ve- Circu Hem-___ -- fromCase total935 Heme predicted

num- Age Date Diagnosis Height Weight blood flou lation ato- normalber volumePresy time crit
based on sure Plas- Red Tota total

height ma Cei volume

MM. sec- per CC.
years CM. kgm. CC. HtO onds ofcent C.C.ls e Prcn

ofceUs ~~kgm.
75* 35 Sept. 10, 1935 Rheumatic heart dis- 162.5 86 3980 210 43 41.2 5650 3950 9600 111.3 141.0

Sept. 24, 1935 ease, mitral stenosis 75 130 47 48.2 4040 3760 7800 104.0 96.0
Oct. 9, 1935 and insufficiency, 76 135 53 50.3 3690 3740 7430 97.5 86.5
Nov. 28, 1935 auricular fibrillation, 70 135 53 49.8 4170 4110 8280 118.2 108.0

hypertension

1101 23 Nov. 11, 1935 Rheumatic heart dis- 180.0 71.8 5700 230 54 37.9 6610 4020 10630 148.0 86.4
Nov. 27, 1935 ease, mitral sitenosis 67.0 85 39 39.1 4240 2610 6850 102.2 20.2
Dec. 16. 1935 and insufficiency, 75.6 160 63 37.7 4960 3010 7970 105.2 39.8
Jan. 8, 1936 auricular fibrillation 61.6 130 38 35.9 4280 2400 6680 108.7 17.2

119t 50 Dec. 2, 1935 Hypertension, 165.0 72.0 4990 105 45 38.1 3700 2270 5970 82.9 19.9
Dec. 9, 1935 chronic myocarditis, 64.8 60 41 42.6 3020 2230 5250 80.8 5.4
Dec. 16. 1935 aortic insufficiency 65.2 50 56 40.7 3110 2130 5240 80.4 5.2
Dec. 23, 1935 64.2 140 80 37.0 4160 2460 6620 103.0 32.9
Jan. 18, 1936 58.4 45 31 36.0 3300 1850 5150 88.3 3.4

* Some difficulty was experienced in determining the proper maintenance dose of digitalis in this patient. There
was a relapse between the 3d and 4th blood volume determinations.

t Suffered a relapse following an acute upper respiratory infection between the 2d and 3d blood volume determi-
nations. As the infection subsided this patient's cardiac status improved.

$ This patient's course was very fluctuating with periods of improvement and relapse, so that compensation was-
never well established.

TABLE V

Observations on 5 patients with chronic congestive heart failure exhibiting fluctuating clinical courses terminating fatally

Pre- Blo oue Deviation
dicted Ve- BloHm-d__ volume__ from

num- Age Date D n Heght Weight total prrcuHem- predictednumAgeDte Diagnsis Heigt Weightblood nous lation ato- nra

yetars | l . |kgm. mmccpesti ct| c|cc|prccnt
15 March 8, 1935 Rheumatic heart dis- 167.7 52.0 5170 105 63 4 n.

Male* 30 March 3, 1935 ease, mitral insuffi- 52.0 120 38 42.5 3085 2275 5360 103.0 + 3.7
Nov. 3, 1935 hency, auricular 52.0 110 83 44.3 2930 2330 5260 101.2 + 1.7
Nov. 20, 1935 fibrillation 48.4. 90 42 38.6 2910 1820 4730 97.6 + 0.9

16 March 11, 1935 Chronic myocarditis, 170.1 59.2 5310 49 35.3 3715 2015 5730 96.8 + 7.9
Male 50 March 23. 1935 bundle branch block 54.8 75 47 31.7 4320 2010 6330 115.2 +19.2

June 22 1935 61.2 220 42 38.4 3370 2100 5470 89.5 + 6.8
July 17. 1935 58.4 75 35 37.1 3490 2070 5560 95.2 + 4.7
Sept. 10, 1935 57.2 50 39 37.4 3420 2040 5460 95.5 + 2.8

24 May 10, 1935 Syphilitic aortitis, 168.9 5240 23 43.8 2530 1950 4480 85.1 -14.5
Malet 42 May 23, 1935 aortic insufficiency, 110 25 38.8 2960 1870 4830 88.2 - 7.8

hypertension

49 June 26. 1935 Rheumatic heart dis- 158.8 3890 215 57 50.7 3250 3330 6580 112.2 +67.5
Fe- 36 July 11, 1935 ease, mitral stenosis 150 64 50.0 3280 3280 6560 108.4 +67.0

male and insufficiency
151 Feb. 23, 1936 Rheumatic heart dis- 157.3 3850 210 30 42.4 2580 1890 4470 104.0 +16.1
Fe- 22 March 3, 1936 ease, mitral stenosis 70 34 40.0 2730 1820 4550 109.5 +18.2

male and insufficiency,
aortic insufficiency

* This patient underwent the operation of cardiolysis twice during the observation period without relief of symp-
toms. At no time did he have marked edema.

t This patient had been in chronic failure for 16 years and was extremely cachectic. The predicted normal volume
probably represents too high a value.
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heart failure. Wehave been unable to detect the
presence of the dye in edema fluid withdrawn
from the legs by Southey tube, or in ascitic or

thoracic fluid obtained by paracentesis from pa-

tients having large amounts of dye in their blood
stream at the time the fluids were obtained.
Evans and Gibson (18) showed that Evans Blue
does not accumulate in the edema fluids of dogs
rendered edematous by plasmapheresis even

though a high concentration of dye in the blood
stream was maintained by repeated injections
while the edema was forming. It seems clear
therefore that the presence of edema does not
invalidate the method of plasma volume deter-
mination employed in this study.

Wewish to emphasize the fact that many of the
patients studied in this investigation were in a

condition of chronic congestive failure, many of
them having survived one or more attacks of de-
compensation. Since this disorder is character-
ized by a progressive wasting of the blood-holding
tissues, it is very probable that the "normal"
values for many of the individuals, in a state of
decline when the first determinations were made,
would be considerably lower than those arbitrarily
employed in this study. It is therefore probable
that, in a given individual, the percentage increase
over levels prevailing in a state of compensation
to which blood volume rises at the height of con-

gestive failure is far greater than indicated by the
percentage increase from estimated normal vol-
ume as described above.

That some degree of elevation of blood volume
may precede the development of physical signs of
congestive failure is suggested by the data given
in Figure 1. An average increase of 4.4 per cent
above normal occurred in the patients in Group
II, none of whom exhibited any physical signs of
congestion but did have definite symptoms of
limited cardiac reserve.

We are unable to confirm the finding of the
existence of two contrasting types of congestive
heart failure as regards the state of the blood
volume, the so-called " plus " and " minus " types,
described by Wollheim (9), Levin (13), and
Goldbloom and Libin (14). All of our patients
who could be classified as exhibiting the clinical
aspects of the so-called " minus " type of failure
(Cases 38, 56, 77, and 36), with clinical improve-
ment experienced fair to moderate diureses and

had a decrease in blood volume. Case 77 (Table
III) is of particular interest in this regard. This
elderly woman with mitral stenosis and hyperten-
sion was definitely undernourished, and while the
initial volume during frank failure was only
slightly above the estimated normal value, the
response to therapy was satisfactory, was accom-
panied by a weight loss of 3.2 kgm. following
moderate diureses, and the blood volume under-
went a reduction of 750 cc. Weconclude that the
conception of a " minus " type of failure is a mis-
conception arising from errors inherent in the
techniques employed.

The above authors employed various modifica-
tions of the original Keith-Rowntree technique
using red dyes and the Dubosq or related types
of colorimeters. Graff and Clarke (19) showed
that hemolysis of samples could give rise to large
erors when red dyes were used. H. P. Smith
(20) proved that errors amounting to 25 per cent
in either direction could be introduced by the pres-
ence of residual dye from previous determina-
tions in the " dye-free " sample. Errors in color-
imetry when the Dubosq type of colorimeter is
used, as shown by Gregersen, Gibson and Stead
(15) and Gibson and Evans (16), due to inequal-
ity of dye concentration of standard and sample
are of such a nature and degree as to give falsely
low values in cases with high volumes (in which
the dye is greatly diluted so that the standard is
more concentrated than the sample), and falsely
high volumes in cases with low values, the de-
gree of error being possibly 20 per cent. We
(16) have shown that the mixing of dye in the
blood stream is greatly prolonged in congestive
heart failure, that an error arises which is in the
direction of a falsely low volume when the calcu-
lation is based on the dye concentration of samples
taken before mixing is complete, and that this
error may be as large as 20 per cent in severely
decompensated cases. The procedure of using a
single sample after injection of the dye involves
errors due to dilution of dye by lymph, and to
variations in the rate of disappearance from the
blood stream.

It is obvious that with all these uncontrolled
sources of error inherent in the techniques em-
ployed in previously reported studies, two of the
most significant of which tend to give falsely low
values in subjects with large plasma volumes and
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slowed circulation, the finding of low volumes
during failure with increases during compensation
is an erroneous one.

CONCLUSIONS

1. In heart disease the change from the com-
pensated to the decompensated state is accom-
panied by a progressive increase in the volume of
plasma and red cells.

2. This increase is shared to a slightly less ex-
tent by the plasma than by the corpuscles, result-
ing in a slight concentration of the blood.

3. The average degree of increase in blood vol-
ume above normal parallels the average degree of
elevation of venous pressure and slowing of cir-
culation time.

4. During recovery from congestive failure
there is a diminution in both plasma and cell
volume, the degree of decrease in plasma in most
cases being at first more rapid than that of the
corpuscles, resulting in varying degrees of blood
concentration. With continued compensation the
proportion of cells to plasma returns to within
normal limits. The decrease in total volume
parallels the degree of clinical improvement.

5. In no case was an increase in volume during
recovery from chronic congestive failure observed.
Relapses to more severe degrees of circulatory
failure are accompanied by maintained elevation
of, or further increases in blood volume.

We wish to acknowledge our appreciation of the ad-
vice and encouragement of Professor Henry A. Christian
and Dr. Samuel A. Levine.
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