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TABLE I, 
Means and Standard Deviations for 5 Measurc- 

meiits of 3 'Tracings by 2 Method&. 

Diff ereritial 
a na lpz e r Disc planimeter 

Stand. Stand. 
Mean dev." Mean dev. 
Sq.in. Sq.in. Xq.in. Sq.in, 

A1 bu 111 in 
Alp l l~ l  
A 1 p 11 it2 
Beta 
Phi 
Ganim:~ 
Delta 
Total area 

Slbu nlill 
Alphal 
Alpha2 
Beta 
Phi 
Gamiiirz 
Delta 
Total area 

Albumin 
Alphal 
Alpha2 
Beta. 
Phi 
Gamma 
Delta 
Total area 

Tracing No. 1 
1.302 -002 1.288 .04S 

.lo6 .005 .113 .014 
2 2 5  .008 .227 .005 
.31O .005 .313 .OO7 
204 .004 .202 .005 
.407 .009 .401 .008 
.3G2 .014 ,361 .007 

2.915 .045 2.903 .06G 

1.244 .006 1.237 .010 
.162 .005 .168 .OOG 
.291 ,002 2 9 5  .008 
.386 .002 .384 .010 
.223 .002 .223 .002 
.480 .005 .484 .006 
.406 .007 .404 .003 

3.190 .025 3.194 .@38 

1.576 .006 1.526 .052 
.I79 .004 .180 .008 
2 4 3  .003 248 .007 
,393 .002 .395 .005 
.160 .003 .163 .010 
.298 .006 .313 .016 
.398 .005 .408 .009 
3.2448 .020 3.233 .062 

Tracing Xo.  3 

Tracing No. 3 

greater precision than those obtained with the 
planimeter, and that the greatest actual differ- 
ences arise in measurements of the largest 
areas, namely those of the albumin peak, and 
of the total area of the pattern. Considering 
percentage deviations from the mean, the 
maximum deviation for the set of 120 meas- 
urements on the differential analyzer was 
7.3%, with 88% of the deviations below 2741~ 
and 31% below 0.5%. The same set of 
measurements by means of the planimeter 
yielded a maximum deviation from the mean 
of 22.176, with 61% of the values below 2.0% 
and 21% below 0.5%. 

In  addition to obtaining more accurate 
res'ilts, use of the differential analyzer will 
sa ; a great deal of time, especially when com- 
p atively large numbers of tracings can be 
r 1 at one (time. While it takes approximate- 
. 

2 hours to set up the mechanism for the 
)eration, the time required for measurement 
a tracing is only 10 minutes. Use of the 

planimeter requires approximately 1 hour 
per tracing, since the lack of precision made 
it necessary to measure each tracing at least 
twice. 

Received May 31, 1950. P.S.E.B.M., 1950, v74. 

Simultaneous Bilateral Determinations of Cerebral Blood Flow and 
Arterial-Cerebral Venous Oxygen and Glucose Differences." (17977) 

PERITZ SCHEINBERG~ (Introduced by E. ,4. Stead, Jr.) 
Zrom the Department of Medicine, Duke Unhers i ty  School of Medicine, Durham, N.C. 

The validity of the nitrous oxide procedure tive of mixed cerebral venous blood. Since 
€or measuring cerebral blood flow depends the brain is actually a heterogeneous organ, 
upon the assumption that blood obtained comprised of a wide variety of cell types, and 
from one internal jugular bulb is representa- with different rates of metabolism in its var- 

ious parts, the nitrous oxide technic a t  best 
yields an average value for the blood flow * This investigation was supported by a research 

grant f iom the Division of Research Grants and through and the metabolism of these different Fellowships of the National Institutes of Health, 
U. S. Public Health Service. areas. Unless the bllood draining these parts 

t Rzsearch Fellow, American Heart Association. is reasonably Wdl mixed, 01 at  least con- 
Present address: Univ. of Miami Med. Research sistently distributed, i t  is manifestly impos- 
Unit, Vet. A h .  Hosp., Coral Gables, FIa. sible to reach valid conclusions concerning 
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either local or whole brain metabolism by 
sampling blood from one internal jugular 
bulb. These studies were undertaken be- 
cause a difference of opinion concerning the 
mixing and distribution of cerebral venous 
blood is apparent in the literature(1-5) and 
as a preliminary to further observations on 
the circulatory dynamics of the brain. The 
nitrous oxide technic. as devised by Kety and 
Schmidt(1) and as modified in this labora- 
tory(6) was used to measure cerebral blood 
flow and metabolism in 18 simultaneous bi- 
lateral observations in 1 2  subjects. 

Method. The subjects chosen represented 
several disease states, since i t  was felt that 
the validity of the method could be tested 
better in this way than with normal sub- 
jects alone. Three of the patients (A.C., 
-4.P., and J.S., Table I )  had clinical evidence 
of unilateral cerebral disease. The nitrous 
oxide technic has been described elsewhere 
( 1 ) ;  the modification in use in this labora- 
tory consists of drawing simultaneous, inte- 
grated samples from artery and vein through- 
out the 10 minute period of nitrous oxide 
inhalation (6) .  In  every instance samples 
taken for blood flow determination and oxy- 
gen and glucose contents were drawn simul- 
taneously from the artery and right and left 
internal jugular bulbs. Blood oxygen con- 
tent was measured by the spectrophotometric 
method of Hickam and Frayser(7); blood 
glucose content was measured by Selson’s 
modification of Somogyi’s method (8) .  
Samples for blood oxygen content were drawn 
before and after each blood flow determina- 

1. Ket!, S. S.. and Schmidt, C. F., J .  Clin. Invest . ,  
1948, ~ 2 7 ,  376. 

2 .  Ferris. E. R., Engel. G. L.. Stevens, C. D., and 
Logan, M., rim. J .  Physiol. ,  1916. \-147, 517. 

3. Gitbs, E. L., Lennos, W. G.. and Gibbs! F.  A, 
An?.  J .  Psyclaiat., 1945, v102, 184. 

4. k’ork, G. E , Homburger. E., and Himwich, 
H. E.. Arch. .Veur. and Psyclzint., 1946, v55, 578. 
.i. Etsten, B., York. G. E., and Himwich, H. E., 

Arch. X P U Y .  and Psychiat., 1946, v56, 171. 
6. Scheinberg, P. and Stead, E. A, Jr., J .  Clin. 

Invest., 1949, v28, 1163. 
7. Hickam, J. B., and Frayser, R. J .  Biol. Clzem., 

1949, v180, 457. 
8. Nelson, M., J .  Biol. Chem., 1944, v153, 3 7 5 .  

tion so that each arterial-cerebral oxygen 
difference is an average of two determina- 
tions. TWQ samples for blood glucose content 
were drawn from the artery and both jugular 
bulbs before and after each blood flow de- 
termination so that each arteriovenous glu- 
cose difference is an average of 4 determina- 
tions. Mean arterial pressures used to cal- 
culate cerebral vascular resistance were 
measured by the auscultatory method. 

Results. The data are presented in detail 
in Table I. The  p values were calculated 
by comparing the differences between the 
right and left determinations in the individual 
subjects. I t  is apparent that there is no sig- 
nificant difference between the two sides in any 
of the measured cer’ebral metabolic values. The 
deviations are all within the experimental error 
of these determinations as performed in this 
laboratory. The  3 patients with unilateral 
cerebral disease did not differ from the re- 
mainder of the subjects in this respect. 

Comment. The prtevailing disagreement 
concerning the percentage of subjects in whom 
longitudinal and straight sinus blood mix 
completely in the torcular(9-12) does not 
particularly bear on the problem of thle val- 
idity of the nitrous oxide procedure. It is 
agreed that if this were the only mechanism 
whereby blood from thme various parts of the 
brain were mixed, the nitrous oxide technic 
would be invalid in a considerable percentage 
of cases. .hatomica1 studies reported by  
Shenkin, Harmel, and Kety( 13) indicate ade- 
quate opportunity for cortical-subcortical mix- 
ing of blood draining from the various histo- 
logic areas of the brain. The studies re- 
ported here support those observations and 
indicate that regardless of the anatomical 
variations in different individuals, the cal- 
culated cerebral blood flows and oxygen and 
glucose con tents of simultaneousTy drawn 

9. Batson, 0. V., Fed. Proc., 1944, v3, 139. 
10. Woodhall, B., The Laryngoscope, St. Louis, Oct. 

11. Edwards, H. A, Arch. N e w .  and Psychiat., 

12. Riggs, H. E. Quoted by(1) .  
13. Shenkin, H. A., Harmel, M. H., and Kety, 

1939. 

1931, v26, 801. 

S. S., Arch. N e w .  and Psychiat., 1948, v60, 240. 
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5 78 RENAL FUXCTIOX IN COKGESTIVE FAILURE 

samples from the right and left internal jugu- 
lar bulbs do not differ appreciably on the 
two sides in subjects a t  rest. These data 
also suggest that adequate mixing oi blood 
from the two cerebral hemispheres may oc- 
cur in the presence of unilateral cerebral 
disease. They are not in agreement with the 
findings reported by Ferris and his col- 
leagues (2) ; this discrepancy remains unre- 
solved, These data would also cast doubt 
on the assumption that accurate differential 
values for metabolism of the cortex and lower 
portions of the brain can be adduced from 
bilateral internal jugular bulb samples( 5.14). 

1. The  values S m n i a r y  and conclusions. 

for cerebral blood flows, arterial-cerebral ven- 
ous oxygen and glucose differences were not 
significantly different on the two sides in 18 
simultaneous bilateral observations in 1 2  sub- 
jects. 2.  Three subjects with unilateral cer- 
ebral disease also had similar values on the 
two sides. 3. The  assumption that blood ob- 
tained from one internal jugular bulb is 
representative of mixed cerebral venous blood 
appears to be correct. 

14. Himwich, W. A., Homburger, E., Maresca, R., 
and Himn-ich, H. E., 4 m .  J .  Psgchiat., 1947, ~103, 
689. 

Rrceii-ed June 1, 1950. P.S.E.B.M., 1950, v74. 
-_--____ _____ - ....-. ~ 

Diurnal \'ariatiom of Renal Function in Congestive Heart Failure. (17978) 

D A V I D  s. BALDIT-TX, J O S A S  H. SIROTA,* A S D  HERMAX YILLARREAL' 
(Introduced by Homer IV. Smith) 

From the  Departments of Xediciiie and Physiology,: h'ew Y o r k  L7niversity Col lege  of Medic in f ,  
and B e l l e m e  Hospital, New Pork City. 

Employing a constant intravenous infusion 
technic? Sirota, Baldwin and l'illarreal( 1) 
have examined the diurnal variations of renal 
function in normal subjects. These studies 
reveal a significant decrease in urine flow 
during sleep? resulting primarily from in- 
creased tubular reabsorption of water, with 
only a slight and questionably significant 
decrease in glomerular filtration rate from 12 
midnight to 4 a.m. The renal plasma flow 
did not vary significantly throughout the 24 
hour period. The present report is concerned 
with similar studies in patients with conges- 
tive heart failure. 

Methods.  Simul t aiieous endogenous cre- 
a tinine chromogen! inulin and p-aminohip- 
purate clearances were determined during 4 
to 6 hour periods throughout 24 hours in 10 
male subjects in congestive heart failure. In  

* Sarah- Welt Fellon.. Present address, Depart- 
ment of Medicine, Mount Sinai Hospital, X. Y. C. 

t Rockefeller Foundation Fellow. Permanent ad- 
d r r s ,  Xational Institute of Cardiology, Mexico City. 

Aided by a grant from the Commonwealth Fund. 
1. Sirota, J. H., Baldwin. D. S., and I'illarreal, H,, 

J .  Clin. Invest., 1950, v29, 187. 

6 subjects sodium excretion was also followed. 
In  5 subjects cardiac failure was associated 
with rheumatic heart disease, in 4 with arter- 
iosclerosis, and in 1 with cor pulmonale. Six 
of these patients a t  the time of study had 
persistent or increasing peripheral edema in 
spite of complete bed rest, low salt diet and 
complete digitalization, Of the other 4. 2 
were edema-free and 2 were undergoing diu- 
resis, spontaneous in 1 case and in the other 
as a result of digitalization. With the excep 
tion of 1 individual (E.) mercurial diuretics 
were withheld for a minimum of 5 days prior 
to study. The  test substances were admin- 
istered by means of a constant delivery pump 
a t  an approximate rate of 0.3 cc min. Five 
per cent glucose in distilled water was used 
as the di1uent.Q _Analytical methods and de- 
tails of technic in continuous 24 hour clearance 
studies have been reported previously( I ) .  

8 P-iH dissolved in 5% glucose solution forms a 
rcaction production in which the p-amino group is 
covered. This product apparently has a low 
clearance, as indicated in the low extraction ratios 
of PAH-glucose mixtures(2). For this reason 
all data on C,,,, are deleted from the report. 


