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TABLE V. 
Effect of Bzochloralnid aiid Sulfanilamide upon Sulf anilamide-f ast E .  coli. 

Inoculuni 2,000,000 E .  coZi/ml. 

Sulfanilamide mg To Azochloramid mg % Turbidity 15 hr 

0 
100 

25 
0 
5 

0 
0 
0 

.04 

.04 

49 
45 
47.5 
44.0 

0.5 

culture was destroyed and it was again rendered sensitive to 5 mg % 
sulfanilamide as is shown in Table V. 

Coirznzent, In order to increase the accuracy of these experiments 
low concentrations of these ag-eiits were studied. The tinie of ex- 
posure is thereby lengthened aiid inaccuracies due to the time factor 
are eliminated. In order to produce these effects with short contact 
periods as would be desirable for clinical application appropriately 
increased concentrations of the agents are required. 

These data indicate that Azochloramid potentiates 
the bactericidal effect of sulfonamides. This effect may be due to the 
inactivation of sulfonamide inhibitors by the chlorine compound. 

Swziizwy. 
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Measurement of Mean Blood Flow in Arteries and Veins by 
Means of the Rotameter.* 

DONALD E. GREGG, R. E. SI-IIPLEY, R. W. ECKSTEIS, A\. KOTT.~ ;ZXD 

J. T. WEARN.~  
From the Departmetat of Medicine, Western Reserve University, C7etdnnd, 0. ' 

In experiments designed to determine the accuracy of the thermo- 
strornuhr,l* a the need arose for a siniple and accurate niethod by 
means of which blood flow in arteries and veins of anesthetized dogs 
could be immediately quantitated from nioment to nioment for a 
considerable time period. For this purpose the rotanieter3 seemed 

* The expenses of this investigation were defrayed by a grant from the Com- 

t We wish t o  acknowledge the help of Drs. A. S. Weisberger, E. F. Sehroeder, 
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2 Sliipley, R. E., Gregg, D. E.: a i d  Wearn, J. T., Am. J. Physiol., in press. 
3 Sclioenborn, E. If., and Colburn, A. P., Transadions of the American. Ins t i tu te  

monwealtli Fund. 

and Mr. D. Book in some of these experiments, 
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to be the instrument of choice. Since this device apparently has 
riot been used in physiological studies, attempts have been made to 
adapt it to the measurement not only of mean blood flows in arteries 
and veins but also of cardiac input. 

Apparatus. The rotameter (Fig. 1, A and B j consists of a ver- 
tical transparent graduated tube ( H )  of constant taper within 
which is a small freely movable "float" ( C  or DEF). The height of 
the float in the tube is determined by the balance of the downward 
force (weight of float ininus weight of displaced fluid) and the 
upward force (pressure drol) across float times the maximal cross- 
sectional area of float). Iiicreaw ii i  rate of flow disrupts this bal- 
aiice hy increasing the presstire di-op across the float, causing it 
to rise until the increase in the aiinular orifice reduces the pressure 
drop across the float to that existing at the previous flow level. 

To insure minimal viscous drag all tubes and their connections 
should be of maximal diameter and niiiiinial length, while the floats 
should be of niinimal diameter aiid specific gravity. The rotameter 
design will be determined in part 1 ) ~ -  the pressure and flow ranges 
in the vascular system in which flm- is to be measured. 

The float used for 
most flow ranges is usually made o f  stainless steel. Because of the 
viscous drag of blood on the float and tube a measurable part of 
the pressure head is pernianently lost. The amount varies with each 

Cri t ipe  of A p j m i w t z ~ ~  f o r  ,-frtcritrl Flows. 

H- 
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FIG. I-A FIG. I-B 
Diagram of the rotameters used for measurement of inean blood flow in arteries 

and veins. Part B,  rokameter 
with miiiimal viscous drzg used to measiirc larger flows. L, Lucite jacket. Descrip- 
tion in text. 

Part A ,  rotameter used t o  measure small flows. 



rotanieter ensemble a i d  can be reduced by the use of lighter (alumi- 
iiuni) floats. Tests made 011 a rotanieter (designed to ineasure 
coronary or femoral artery flow) indicate a pressure loss not ex- 
ceeding 60 mni of water (Fig. 2, Curves 1 and 2) .  Such rotameters, 
as studied in a punip systeni reduce flow through themselves by not 
more than 3-476. For larger flows through larger rotanieters the 
flow reduction is even less. 

I n  a punip systeni the iiieaii float reading is not significantly 
affected by alterations in “heart rate” or stroke volunie. Likewise, 
variations in direction aiicl magnitude of the phasic rate of flow 
(recorded by the orifice meter’ ) even exceeding physiological limits 
are ineffective (Fig. 3, Part A) .  

However, it should be recognized that in any set-up the height of 
the float can be influenced by factors other than the rate of flow. 
Changes in the specific gravity of the blood introduce detectable but 
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FIG 3 
FIG. 2 

F I G .  2. 
Cuwcs 2 aizd 2. Data obtained in  gravity system with blood showing pressure 

loss a t  different rates of flow in small rotameter with (Curve l), and without 
(Curve 2) stainless steel float. Cu~wrs  3 m d  4 .  Similar t o  Curves 1 and 2 but  
obtained in  larger retanieter with (Curve 3) and without (Curre 4) aluminum 
float. 

FIG. 3. 
Graph slio~ving fidelity of rotameter in  recording mean flow in  the 

p i~sence  of flow pattern rariations. Floir patteriis are : linear, those which resemble 
a carotid, femoral, or 1ef.t coronary artery pattern and thosc with w r y  large periods 
of backflow and zero flow. Dots, control points with all forward flow. Circles, flow 
pa ttcrns containing backflow up to 30% in volume. Squares, flow patterns containing 
periods of zero flow up  t o  20% i n  time. Point 2, 2070 
zero flow. Part B. Curves 1 and 2, rotameter calibrations of same blood at dif-  
fcrcnt temperatures; Curve 1 a t  3 5 O C ” ,  I’Iurvc 2 at 28°C. Solid curves represent 
scries of in vitro calibrations of a rotameter (Fig. 1-A) obtained in a gravity 
system with bloods of different riscositics. 

(For Curves 3 and 4, flow values x 10.) 

Part A .  

Point 1, 30% backflow. 

Description in  text. 
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not significant errors in reading (less than 1%). Alterations in 
specific viscosity of blood over the physiological range of 3.7-7.0' 
and induced by change in temperature or composition of blood 
(liemoconcentration or dilution, or the addition of certain anti- 
coagulants) will give correspondingly different calibration curves 
for a rotameter (Fig. 3, Part B).  For larger flows in larger vessels 
the viscosity effect may be almost entirely eliminated by use of a 
float similar to that described by Fischer, et aZ.,6 the major part of 
which is removed from the flowing stream with high velocity to a 
stagnant region of no velocity. This (Fig. 1-B) consists of a brass 
disc about % nini thick and a brass cylinder connected by a small 
thin-walled glass tube of such length that the disc (D) is in the 
flowing stream and the cylitider (E )  in the stagnant area (G),  the 
float asseiiibly being guided by a fine wire (N). 

C'ritiqrte of Appnrtrtiis f o r  T-ci1oii.s Floc~ws. For flows in the 
large and small veins or for nieasuriiig cardiac input (flow through 
both venae cavae) floats similar to those for arterial flows may be 
used, but those made of aluniinuin are niore satisfactory. Tests 
made with blood in a gravity system indicate a pressure loss varying 
froni 11-18 nini water as the flow changes from 1 to 1000 cc/min 
(Fig. 2,  Curves 3,4). When flow through the jugular vein or both 
venae cavae ( i n  open chest dogs) is measured by this apparatus the 
venous pressure may rise by 5-15 nim water. Such apparently offers 
no serious impediment to the venous circulation. 

Since the height of the float in Fig. 1-B is deter- 
mined almost entirely by changes in rate of flow alone, one set of in 
vifm calibration points with blood will establish the calibration curve 
accurate to t 5  to 10% and applicable to float readings taken during 
any experiment. 

Since, in a given animal experiment, the height of the float in 
Fig. 1-A is dependent upon the blood viscosity as well as rate of 
flow, the calibration curve of the rotameter which is applicable to 
that experiment may be deterniined by one of the following pro- 
cedures with an error of less than 10% : (1) A series of float and 
flow readings taken during- an animal experiment will establish the 
calibratioli curve for that experiment.. ( 2 )  At the close of an ex- 
periment the rotameter is calibrated with the same dog's blood ad- 
justed to body temperature. Such a calibration will correctly inter- 
pret float readings taken during the experiment provided the nature 

* Gregg, Donald E., and Green, €1. D., Am. J .  Physiol., 1940, 130, 114. 
.i Eckstein, 3. W., Book, D., and Grcgg, Donald E., Am. J .  PhysioZ., in press. 
6 Fischer, K., Blechman, S.: and Lipstein, E., Transactions of the American 

Calibmtioit. 

Inst i tute  of Clreniicnl Rngineers, 1940, 36, 857. 
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of tlie experiment does not involve significallt viscosity changes. 
(3) During an experiment, blood leaving tlie rotameter may be 
temporarily diverted into a graduate and one flow and float reading 
taken. By observing the position of this one point, a calibration 
curve (or interpolation) may be immediately chosen from a pre- 
viously determined ict zlifro series covering the range OF specific vis- 
cosities found in different dogs (such as the series shown in Fig. 
3-B) which will apply to float readings taken during the course of 
the experiment. -in? calibration curve (as shown in Fig. 3-B) which 
has been obtained with different blood but of the same viscosity as 
that known to exist during an experiment may not always be used 
to determine the flow in that esperiment, since in many tests it has 
been found that bloods of the same specific viscosity (as determined 
by a capillary viscosimeter) may not have tlie same calibration curve. 

In animal experiments a combination of heparin [ 1000 units/kilo 
and poiitailline fast pink I3L ( 150 mg,ikilo) ] usually prevents the 
accumulation of fibrin on the rotameter float. In long experiments 
the anticoagulant injection should be repeated. Heparin alone, except 
in very large doses, is inadequate to prevent such deposition for a 
sufficiently long experimental period. 

I '  
I ! -  

FIG. 4 
FIG. 4. 

+%- 
TIME- 5 SEC. 

FIG. 5 

Tracing of original kymogrnph record showing changes in mean blood flow 
(cc per minute) as recorded by rotameter in the left coronary artery and induced 
by temporary asphyxia. Vertical intercepts, one-minute intervals. 

PIG. 5. 
Reproduction of optical record showing effect of natural inspiratory attempt 

(trachea closed) on femoral vein flow as recorded by rotameter. AP, mean femoral 
artery pressure. R, respiration (vertical intercepts mark beginning and end of 
inspiration). VF, fenior:il rein flow in cc per minute. VP, mean femoral venous 
pressure. 



Registrcltioiz. (1) The height of the float indicating rate of flow 
may be visually noted from time to time. ( 2 )  Its position may be 
recorded on kyniograpli or photographic paper by means of a sighting- 
attachnieiit which is iiianually made to follow the movements of the 
top edge of the float. 

TyPiccrZ Records. Reproductions of  original records are presented, 
showing the augmentation of l h o d  flow in the left circumflex artery 
during temporary asphyxia (\art iticial respiration removed), Fig. 4, 
and in the fenioral yein (luring an inspiratory attempt (trachea 
closed) Fig. 5. 

'I'hc rotameter has been used to 
measure cardiac input aiicl iiic'aii 1)lood flow in the arteries and veins 
of the anesthetized clog. Typical records are shown. Tests indicate 
that in routine use the instrunieiit iy i l l  give reliable blood flow values 
with an error of less than lo?. Its IISC enables the experimenter to 
determine at a glance the iiionitwt t o  tnomcnt flow during the time 
that flow is acttially bciiig iiicawi-~(i, an advantage not possessed By 
any other limn-n niethod. The rotanicter is so simple in operation 
that it should also serve a very tisefiil ptirpose for the measurement 
of blood flows in student experiments in the classroom for which as 
yet no simple and reliable niethotl I n s  been available. 

S Z I I I Z I I Z C I I - ~  trird Coizc.lirsioii.\.. 
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Histamine Release in the Allergic Skin Reaction." 

I t  has recently keen s1iou.11 that hlood cells from an allergic indi- 
vidual release part of their histamine into the plasma when they are 
exposed to the allergen iat vitro.' This experiment on humans con- 
firmed previous findings on blood from aninials sensitized to egg- 
white.', 3* * Furthermore, it 1iclpc.tl to substantiate the assumptions 

* Aided by a grant from the  .John aud Mary R. Markle Foundation. Part of 
the experimental work was done in thc Allergy Division of the Department of 
Preventive Medicine, Tulane University. 
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