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Blood Oxygenation. 111. The Vertical Revolving Cylinder. IV. The 
Vertical Revolving Cone.* 

KARL E. KARLSON, CLARENCE DENNIS, AND DARREL E. WESTOVER. 
From tho Depurtment of Surgery, University of  Minnesota, Minneupolis, M i n a  

111. The Vertical Revolving Cylinder. An 
apparatus of design similar to the oxygenator 
of Gibbon1y2 has been studied to determine 
whether its efficiency could be increased. 

Experimental. A plastic (Plexiglass) cylin- 
der 38 cm long and 18 cm in diameter ( 2 2 0 0  
cm2 area) was mounted vertically on rollers. 
While the cylinder revolved, a small stream of 
whipped beef blood was directed onto the in- 
ner surface near the top, where it formed a 
film, was exposed to a 95% O2 - 5% COZ 
mixture, and was subsequently caught in a sta- 
tionary cup which fitted outside of the lower 
edge of the cylinder. An'alyses (Van Slyke3) 
for oxygen were made on blood samples be- 
fore and after oxygenation. 

Results. The rate of blood flow through 
the oxygenator changed the volume of blood 
in the film. At a flow of 200 cc/min. the 
film content was 43 cc and at  300 cc/rnin. the 
content increased to 53 cc. Varying the rate 
of revolution of the cylinder (100-250 r.p.m.) 
did not change the volume of the film. If the 
blood spout was lowered half the distance to 
the bottom of the cylinder so that half of the 
cylinder area was used, the film content de- 
creased to 25 cc at  2 0 0  cc/min. and 34 cc 
a t  300 cc/min. Thus, the upper half of the 
cylinder held an average of 61% of the blood 
in the film when the entire drum was used. 
Conversely, there was an average increase of 
63% in the amount of b lod  in the film when 
the area of the film was doubled, keeping the 
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diameter of the cylinder the same. There W ~ S  
no foaming in this apparatus. 

An average of 11.53 cc and a maximum of 
20.70 cc of oxygen was introduced into the 
blood per minute usinz the entire drum. Using 
half of the drum area an average of 9.32 cc 
and a maximum of 16.50 cc of oxygen was 
introduced per minute. Thus, an average of 
8 1 % of the total amount of oxygen intake OC- 

curred on half of the cylinder, which held 
61% of the blood. Conversely, there was a 
25% increase in oxygen uptake by increasing 
the film content 64% (utilizing the entire 
drum area). Expressed in terms of the 
amount of oxygen introduced into the blood 
per minute per unit volume of film, the entire 
cylinder in'troduced an average of 0.201 cc 
of Os per min. per cc of film, while the half- 
cylinder introduced 0.247 cc of Os per min. 
per cc of film. This represents an increase 
in efficiency of 23% by using half of the 
drum area with the same diameter. The 
maximum oxygen uptake observed was 0.470 
cc per minute per cc film content using half- 
cylinder. 

Varying the rate of revolution of the cylin- 
der between 1001 r.p.m. and 250 r.p.m. did 
not change the rate of oxygen uptake, though 
the film appeared to be less even a t  lower 
speeds. 
IV. The Vertical Revolving Cone. Obser- 

vations of the vertical revolving cylinder sug- 
gested that the greatest trauma to the blood 
occurs when it flies off the lower edge of the 
cylinder into the stationary cup. By using 
a funnel with a slope which will permit flow 
of blood downward, to a small hole a t  the 
center, the trauma of transfer of the fiIm 
blood to a non-rotating cup is minimized by 
virtual elimination of centrifugal factors. 

Two funnels, one 30 crn 
base diameter by 40 cm high, the other 20 
cm base diameter by 53 cm high were re- 

Experimental. 
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TABLE I. 
Comparison of Oxygenators. 

Vertical H:J€ vertical 30x40 20x53 Half 20x53 
cylinder cylinder funnel funnel funnel 

~ ~ __ __ 
ec 02 introduced into blood per inin. 

dvn vol. content. cc 48 29 42 41 26 

Arb! 11.5 9.3 3.3 4.6 3.8 
Mas. 20.7 16.3 6.4 7.3 4.9 

ec &/rnin per cc' blood 

Max. 
Avg 2 0 1  2 4 7  .082 .093 .145 

3 9 0  .470 .165 .189 .195 
Avg blood flow, cc/min. 250 250 200 250 250 
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volvecl in a similar manner to the cylinder, 
and O2 analyses made on the blood before 
and after oxygenation. 

The efficiency of the funnel as 
an oxygenator was considerably less than that 
of the cylinder, an average of 0.10 cc and a 
maximum of 0.189 cc 0 2  per minute per cc 
film content being introduced into the blood. 
The steeper funnel was the better oxygenator. 
Using 50% of the funnel area increased the 
efficiency as an oxygenator 56%. Varying the 
speed of rotation from 87-200 r.p.m. made no 
difference in the amount of oxygen introduced 
into the blood. 

Results. 

Summary. 1. More oxygen can be in t r e  
duced into blood per unit volume of film in a 
vertical revolving cylinder of 18 cm dimam. if 
segiiients 18 cm long are used than if the seg- 
ments are 38 cm long. An increase in efficien- 
cy of 23% was obtained. 2. Speed of rotation 
does not, within the ranges of 100 to 250 
r.p.m., affect film content or oxygenation in 
such a vertical revolving cylinder. 3. The 
vertical revolving cone does not make a good 
oxygenator but may conceivably be used to 
collect blood atraumatically from vertical 
cylinders. 
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4 method whereby access can be gained 
to deep-lying vessels and chambers in the un- 
anesthetized animal has many uses in experi- 
mental biology. London and Chlaponinal de- 
scribed a cannula for this purpose, which 
could be sutured to any desired large vessel 
and whose external end could be placed in 
the subcutaneous tissue. This device was used 
for obtaining blood samples in the course of 
metabolic studies. Hamilton and his cowork- 
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ers: ineasured pressures in the lesser circula- 
tion through needle guides. These were con- 
structed of metal, in two parts, and were 
usually seated intrapericardially in 2 opera- 
timns. 

?'he almost inert plastic, polyethylene,8 
lends itself well to the construction of needle 
guides that possess many advantages. These 
guides are prepared by blowing a suitable sec- 
tion of polyethylene tubing (4-6 mm 0.d.) 
into a flattened spheroid with the aid of a 
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