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Influence of Dosage and Volume on the Circulation Time. 

ARTHUR RUSKIN AND PAUL ROCKWELL. (Introduced by George M. Decherd, Jr.) 
From the Department of Medicine, i 7 i i i w r s i t y  of Texas Medical School, and the Heart Station 

of the  John Sealy Hospital, Galveston, Texas. 

While using the subjective nut-like taste 
and smell which follows the intravenous in- 
jection of thiamine as a method of determin- 
ing the circulation time,l we found that our 
figures for normal individuals ranged from 5 
to 12 seconds, the great majority being be- 
tween 7 and 9 seconds. Other subjective 
methods involving taste (Table I)  give vari- 
able but, in general, higher figures, according 
to the literature. This is also true of most of 
the so-called objective methods (Table I), in- 
volving detection of radioactive substances? 
dyes, or deep inspiration caused by stimula- 
tion of the carotid sinus or the respiratory 
center in the medulla. The papaverine 
method of Elek and Solarz,2 presumably in- 
volving the stimulation of the medullary 
respiratory center, gives figures for normals 
of 15.9 to 27 seconds, which seem to be much 
too long. On the other hand, the improved 
lobeline method, utilizing the perception of 
“tickling” in the throat as well as carotid 
sinus stimulation of respiration, in the hands 
of Piccione and Boyd3 gave results in normals 
entirely comparable to ours, 5 to 12 seconds. 
The results would have been somewhat higher 
had they included the time of injection. Bern- 
stein and Simkins4 stated that 7-17.8 seconds 
were the normal circulation times for their 
routine dose, 6 cc of 10% magnesium sul- 
phate, but mentioned that in “sensitive pa- 
tients” doses of as little as 2 cc gave circu- 
lation times as low as 6 seconds. We have 
obtained similar low values in some normal 

1 Ruskin, A., and Decherd, G., Federation Proc., 

2Elck, S .  R., and Solarz, S. D., Am. neart J., 

3Piccione, F. V., and Boyd, L. J.,  J .  Lab. and 

4Bernstein, M., and Simkins, S., Am. Heart J., 

1945, 4, 62. 

1942, 24, 281. 

Clin. Med., 1941, 26, 766. 

1939, 17, 218. 

individuals, especially with one gram doses 
of magnesium sulphate as well as the usual 
doses of intravenous arsenicals used in the 
treatment of syphilis.5 Different points of 
detection alone cannot explain the marked 
differences in circulation times obtained by 
the various methods in comparable patients 
(Table I ) ,  or the same patients.l-G I t  must 
be remembered, however, that the velocity 
of blood flow is considerably greater in 
the arteries than in the arterioles, capil- 
laries and venules, and that the latter chan- 
nels are perhaps variably involved in all of 
the above methods. 

The diodrast method of Robb and Stein- 
berg7 for visualization of the heart and great 
vessels may be considered an objective method 
for the determination of circulation time. The 
left ventricle has been visualized by the au- 
thors in 6 to 9 seconds, and sometimes longer. 
If approximately 1 second is added for fur- 
ther transmission to the tongue,s the result- 
ing circulation time is closer to our figures 
than to most other published in the literature 
(Table I), including the authors’ own sodium 
cyanide circulation times. Because this 
method employs large volumes (35 cc), in- 
jected under pressure through a large bore 
needle, with the arm held up and the body 
vertical, i t  was felt necessary to study the 
effect of varying volumes, and of the position 
of the body and arm, especially since it is 
generally assumed that large volumes give 
too high a reading because of the delay in 
injection. As early as 1922, Loevenhart 

5 Ruskin, A., Rockwell, P., and Decherd, G., 

6 HUSSCY, H. H., Cyr, D. P., and Katz, S., Am. 

7 R,obb, G. P., and Steinberg, I., Am. J .  Roent- 

SBlumgart, H .  L., and Weiss, S., J .  Clin. Invest. ,  

unpublished observations. 

Itit. Med., 1942, 17, 849. 

geibol., 1939, 41, 1. 

1927, 4, 15. 
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TABLE I. 

Normal Human Circulation Times by Various Methods. 

Substance Effect at Circ. time (sec.) References 

Radium4 
Thorium-X 
Radioactive sodium 
Fluorescein (ultra violet) 

Methylene blue (photoelect.) 
Lobeline 
Sodium cyanide 
Aminoph y lline 
Papaverine 
Histamine 
Decholin 
Saccharin 
Calcium chloride 
Calcium gluconate 
Magnesium sulphate 
Magnes. Sulph. comp. (Macasol) 
Diodrast 
Thiamine 

other arm 
9 ,  ,, 
') ') (children) 

conjunctiva 
lip 
skin 
carotid sinus 

medulla 
medulla '3 
skin 
tongue 

9 ,  7 )  

,) 
9 )  

9 ,  

9 ,  

9 )  

ieft ventricle 
tongue and nose 

12 -23 
10 -20 

5 -17 
7 -15.6 

15 -20 
7 -21.6 
5 -12 
9 -21 
7.1-20.4 

15.4-27 
13 -30 
10 -16 

9 -16 
9 -15 

10 -16 
7 -17.8 
5 -24 
6 - 9  
5 -12 

Blumgart and Weiss, 1927 
Gerlach et al., 1943 
Hubbard et al., 1942 
Fishback, 1941 
Lange and Boyd, 1942 
Jablons et al., 1942 
Piccione and Boyd, 1941 
Robb, and Weiss, 1933 
Koster and Sarnoff, 1943 
Elek and Solarz, 1942 
Weiss et at., 1929 
Tarr et al., 1933 
Fishberg et at., 1935 
Kahler, 1930 
Goldberg, 1936 
Bernstein and Simkins, 1939 
Kvale and Allen, 1939 
Robb and Steinberg, 1938 
Ruskin et al., 1945 

et al.,D using sodium cyanide for the deter- 
mination of circulation time in animals, 
found that sub-optimal doses gave no, or 
false high, readings. We5 have noted the 
same effect in patients, particularly those in 
cardiac failure, when employing either mag- 
nesium sulphate or thiamine. It seemed like- 
ly that variation in volume, dosage, and pos- 
sibly position of the patient might explain 
in part the highly variable data thus far ob- 
tained by different workers. 

Method. The effect of dosage was deter- 
mined by injecting thiamine hydrochloride" 
in doses from 5 to 900 mg (0.1 cc to 3 cc, 
diluted as needed), magnesium sulphate 0.05 
to 1.0 g (0.1 to 2 cc of the 50% solution), 
sodium dehydrocholate (decholin) 0.05 to 
1.0 g (0.25 to 5 cc of the 20% solution, di- 
luted as needed) , and theophylline-ethylene- 
diamine (aminophylline) 0.01 to 0.48 g (0.05 
to 2 cc of the 24% solution). Various doses 
of the same drug were injected in the same 
patients, using those confined to bed but with- 
out demonstrable heart disease, on different 
days, in approximately the same near-basal 
condition, either before breakfast, or during 
the day before meals. Our observations agree 

SLoevenhart, A. S., Schlomovitz, B. H., and 
Seybold, E. G., J. Pharm. and Exp. Therap., 1922, 

* Kindly supplied to us by Dr. H. 8. Newcomer, 
E. R. Squibb and Boris, in 10 cc rubber-capped 
vials, containing exactly 300 mg per cc. 

19, 221. 

with ;those of other workers,1°-13 that no per- 
ceptible error is thus introduced. Rapid in- 
jection into the antecubital vein required 2 
seconds or less, with the stop watch timed 
from the beginning of the injection. The ma- 
jority of the observations were done in dupli- 
cate and the curves (Fig. 1-5) were drawn 
from their averages. 

The effects of volume, pressure and pos- 
ture, were studied by using thiamine hydro- 
chloride in a constant dose of 300 mg, a supra- 
optimal dose for the 5 patients studied (Fig. 
6). This amount, diluted with normal saline 
solution to volumes varying from 1 to 30 cc, 
was injected through a 14 gauge needle. In  
one instance (patient C.F.), the dose was in- 
jected repeatedly in 1 and 30 cc volumes on 
differentt days with the results shown. In  2 
other instances the 1 and 20 cc volumes were 
injected in the antecubital vein in the direc- 
tion opposite the venous flow as well as in the 
same direction (Fig. 6).  In 2 other instances 
20  cc volumes were also injected with the pa- 
tient standing upright and the arm elevated 
as in the clinical diodrast method. 

Results. Eflect of Dosage. When the circu- 
IoReingold, I. M., Neuwelt, F., and Necheles, H., 

11 Tarr, L., Oppenheimer, B. S., and Sager, R. V., 

12 Goldberg, S. G., Am. J. Med. Sc., 1936, 192, 36. 
13 Kvale, W. F., and Allen, E. V., Am. Heart J., 

J .  Lab. and Clin. Med., 1942, 28, 289. 

Am. Heart J . ,  1933, 8, 766. 

1939, 18, 519. 
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Effect of various dosages of thiamine hvdrocliloride upon the circulation times of 11 patients 

OJ 

free from demonstrable hiart disease. 

lation time in seconds was plotted against 
dosage, logarithmic curves were obtained in 
most instances. (Fig. 1-5). For thiamine 
low doses gave rather higher readings than 
for decholin and magnesium sulphate; amino- 
phylline showed the narrowest span of cir- 
culation times for varying doses. I t  will be 
seen 'that the lowest dose of any drug first 
producing a response varied in different indi- 
viduals. Likewise the optimal dose reaching 
the asymptotic level, or producing the short- 
est circulation time, varied similarly. Thus, 
one individual (S.F., Fig. 1) could taste and 
smell thiamine with a dose as low as 5 mg, 
and 25 mg was his optimal dose, higher doses 
not shortening the circulation time appreci- 
ably. Another (L.H. Fig. 1) gave no re- 
sponse until 400 mg was injected and gave a 
much lower reading of the circulation time 
with 900 mg. This patient was a rare ex- 
ception, who with a standard dose of 300 
mg would have been classified as a nonreactor. 

The asymptotic or optimal doses obtained 
were, in general at least 100-300 mg for 
thiamin, 0.24-0.48 g for aminophylline, 1.0 g 
for magnesium sulphate, and 1.0 g for de- 
cholin. This would indicate that dosages 
previously used in investigative and clinical 
work may have been too low and, hence, the 
readings so obtained too high. 

Eflect of Volume and Position. Fig. 6 
shows the effect of volume on the circulation 
time, and it will 'be seen that when 300 mg of 
thiamine was injected in 5 cc of solution in- 
stead of 1 cc the circulation time was short- 
ened by 1-2 seconds. The 20 cc and 30 cc 
volumes, as compared ,to 1 cc, shortened it 
by 3-5 seconds. 1 cc volumes injected up 
or down the vein made no difference in circu- 
lation time in two instances. Twenty cc vol- 
umes, however, injected in a direction oppo- 
site the venous flow, actually lengthened the 
circulation time by 1-2 seconds. Whether the 
20 cc volumes were injected in horizontal or 
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FIG. 2. 
Effect of various dosages of magnesium sulphate upon circulation times of 6 patients, free 

from demonstrable heart disease. 

vertical body and arm positions made no 
difference in circulation times. 

Comment. The optimal dose of any agent 
used for determining the circulation time is 
that dose which gives values in the asymp- 
totic portion of the curve (Fig. 1-5). Our 
study shows that the optimal dosage of at 
least 4 drugs used in the measurement of 
circulation time varies with the individual 
and the drug; that low or suboptimal doses 
give no end-points or end-points that are too 
high, and that these also vary with the indi- 
vidual and the drug. It follows that in any 
study, clinical or experimental, the use of a 
standard dosage will result in some failures 
to obtain an end-point, and this is probably 
true, contrary to some claims2t4J1J2J4 of al- 
most any drug in clinical usage.1*3*5v6 I t  also 
follows that ,the wide scatter and high range 

1 4  Rohh, G. P., and Weiss, S., Am. Heart J., 1933, 
8, 650. 

of “normal” circulation times by various 
methods may be due to disregard of the logar- 
ithmic variation of circulation time with dos- 
age. This is even more true of patients in 
congestive heart fail~re.49~ Failures or un- 
duly high and variable readings are also ob- 
tained especially for distant points of detec- 
tion, such as the feet, hands and p e r i n e ~ m . ~ J ~  
In other words, either slowing of the circula- 
tion as in congestive heart failure, or greater 
distance to the points of detection result in 
dilution, or, in effect, lower the amount of the 
drug actually reaching the place of detection; 
the end result is that of a suboptimal dose. 
In  congestive heart failure a higher ,threshold 
of stimulation or perception may also be 
present and different optimal doses for the 
estimation of circulation times in various 
stages of heart failure may be required for 
this reason as well. We have attempted5 to 
study the effect of dosage in patients with 
congestive heart failure, and the results have 
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shown the same trends as in the present 
study, but have been too variable for graphic 
representation. 

Our findings are in essential agreement with 
the evidence obtained in animals by Loeven- 
hart et aZ.9 of prolonged circulation times when 
subminimal doses of sodium cyanide were 
used. Robb and Weiss14 likewise stated that 
relatively low doses of sodium cyanide gave 
circulation times in patients from 3 to 10 
seconds longer than those obtained from 
larger doses, and presented a case showing a 
reduction of the circulation time from 2 2  to 
16 seconds upon increasing the dose from 5 
to 10 mg. Elek and Solarz2 likewise tried 
the effect of increasing the dosage of papa- 
verine from 32 to 56 mg in 2 cases, with 
corresponding reduction of the circulation 
time from 25 to 21 seconds, which they inter- 
preted, however, to be of no significance. 

I t  would be of great interest to determine 
whether the same logarithmic curves hold for 

varied dosage of radioactive substances and 
dyes now used (Table I) as objective meas- 
urements of circulation time. We have noted 
that the trend holds for one objective method 
-the aminophyllin one, and we have men- 
tioned above that two groups of workers 
pointed it out for another one-the sodium 
cyanide method. 

In a review of the subject Blumgart15 de- 
fined circulation time as the interval of time 
necessary for the fastest particle of a foreign 
substance to traverse the shortest possible 
path between the point of injection and the 
place of detection. Our experiments indicate 
that it takes not one ,but a certain concen- 
trated number of particles per unit time to 
be detected by the taste buds of the tongue, 
or the sensory nerves of the throat, or to 
stimulate the respiratory center enough to 
produce an easily detectable inspiratory gasp. 

15 Blumgart, H. L., Medicine, 1931, 10, 1. 
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FIG. 4. 
Effect of various dosages of aminopliylline upon the circulation times of 7 patients free from 

demonstrable heart disease, 

In  other words, strength and duration of the 
stimulus have to be considered in actual prac- 
tice. It was our impression, without pneumo- 
graphic evidence, that suboptimal doses of 
aminophylline produced a poorly defined and 
more gradual as well as late inspiration, 
if they gave an end-point a t  all. With 
magnesium sulphate, decholin, and thiamine 
we have noted, too, that the degree of 
sensation of heat or taste, was, in gen- 
eral, in proportion to the dose used. Sim- 
ilar observations have been made for sodium 
cyanide,1° lobeline,3 and papaverine.2 While 
proof is not now available, it is reason- 
able to believe that the same statements 
probably held for the detection of radio- 
active substances by the Geiger counter or 
dyes by the photoelectric cell and galvano- 
meter, or ultraviolet light fluorescence. I t  
was noted that suboptimal doses of amino- 
phylline produced less lengthening of circu- 
lation #time than did those of the subjectively 
appreciated drugs. This may be true of other 
objective methods, and the shorter the span 

of circulation time with dosage, the flatter the 
curve, the more ciependable should that 
method be. On the other hand, the safest 
maximum dosage of the various drugs listed 
in Table I, with the exception of thiamine 
and a few others, may not give the shortest or 
asymptotic circulation times in individual 
cases. Our observations5 indicate that the 
sensory nerves of the tongue and throat are 
apparently depressed in some patients by 
smoking, old age, and previous strong tastes, 
with resulting failure or undue prolongation 
of the circulation times when subjective 
methods involving taste or heat perception 
are used. Such is the frequent effect, for 
instance, of repeating the drug injection with- 
in several minutes of *the previous test, con- 
trary to the claims of other observers4J1J2 
that comparable duplicate measurements may 
be thus always obtained. A higher threshold 
of stimulation, thus, may act just as a subop- 
timal dose. This criticism may not hold for 
the so-called objective methods; 295~16 further 
study is necessary. 
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FIG. 5. 
Curves sliowing median circuln tion times :is dependent on d,osage of thhmine, magnesium 

sulpliate, decliolin, and aminophylline. 

Another limiting factor, particularly ,true 
of decholin, 10% magnesium sulphate or 
calcium salts, and especially, diodrast, is 
volume of solution. Loevenhart et d9 
showed for sodium cyanide in animals, and 
most subsequent investigators implied, that 
duration of injection over one second will 
prolong the circulation time. Efforts had 
been made, therefore, to limit the volume of 
solution and inject i t  as rapidly as possible, 
if necessary through a large bore needle. 
Winternitz et aZ.17 noted, without explanation, 
that dilution of the dose of histamine recom- 
mended by Weiss e t  d, l s  to 5 cc gave shorter 
and more constant circulation times than had 

lORoster, H., and Sarnoff, S. J., J. Lab. and 

17 Winternitz, M., Deutsch, G., and Briill, Z., 

18 Weiss, S., Blumgart, H. L., and Robb, G. P., 

Clin. Xed., 1943, 28, 812. 

Med.  Klinik., 1931, 27, 986. 

Am. Heart J., 1929, 4, 664. 

been reported by the latter group. The re- 
sults of Winternitz’s group are not compar- 
able, however, with those of other observers 
because their measurements were begun at 
the end, rahher than a t  the beginning, of in- 
jection. Our results show that volumes of 
5 cc shorten the thiamine circulation time by 
1-2 seconds, and volumes of 20-30 cc by 3-5 
seconds. Preliminary observations indicate 
that this is apparently also true of other 
rnethod~.~ Other variable factors, however, 
are involved in this shortening. One is the 
great pressure exerted, which mechanically 
propels the larger volumes forward to the 
heart, since the capacity of the venous chan- 
nels up to the right auricle is not much greater 
t h a i  the volumes of fluid injected. That 
presbure as well as volume is involved is also 
shown by the fact that injection in the di- 
rectipn opposite the venous flow actually 
lengthens circulation time despite the over- 

50 
D 
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Effect of injection of 300 mg of thiamine hydrochloride in  volumes of saline varying from 
Dotted lines represent effect of injecting the various 1 to 30 cc on the circulation times. 

volumes in patients A.A. and S.M. in the direction opposite the venous flow. 

filling of the veins. We have not attempted 
to study the effects of quantitated pressures. 
Despite the slowness of injection of the larger 
volumes in some cases, up to 3-4 and even 5 
seconds, the circulation time, measured from 
‘the ,beginning of injection was always short- 
ened. In  other words, the effect of dilution 
of the drug by slow injection, which has been 
shown to act in opposite fashion: was count- 
erbalanced by the factors of volume and pres- 
sure. Other factors, such as the effects of 
streamline versus turbulent flow, the former 
of which is known to double the speed of 
flow in the central portion of the stream as 
compared with average velocity,19 are im- 
possible to evaluate from our data. 

19 Vennard, J.  K., Elementary Fluid Mechanics, 
1940, p. 113, John Wiley & Sons. 

Summary. 1. By the use of various dos- 
ages of thiamine, magnesium sulphate, de- 
cholin and aminophylline, it was shown that 
lower doses are either ineffective or produce 
prolonged circulation times. 2. Logarithmic 
curves express this relationship of circulation 
time to dosage. These vary from person to 
person. 3. Beyond a certain dose, varying 
in different individuals, further increase in 
dosage causes no appreciable decrease in cir- 
culation time. This may be called the optimal 
or asymptotic dose, and the time the shortest 
or “true” circulation time. 4. Increasing t’he 
volumes containing the same doses of thia- 
mine to 5 cc or more, shorten the circulation 
times markedly enough to affect clinical 
measurements. 




