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ABSTRACT of THE DISCLosURE. 
2. The bloods temperature varying device has a band 
shaped flow-through space extending across substantially 
the entire surface on one side of a Peltier block. The 
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space has a width many times greater than the thickness 
thereof and is provided with an inlet and an outlet at 
the extremities thereof. The space has fan-shaped transi. 
tion portions respectively outwardly flaring from and 
inwardly narrowing to the inlet and outlet and is curved 
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substantially in accordance with the streamlines of blood 
flowing through the space. Furthermore, the space is 
defined by smoothly polished surfaces. . . . . . 

manumame 

... My invention relates to device for varying the blood 
temperature and more particularly a device of that type 
which employs a Peltier.block connected on the warm 
side thereof with cooling fins and on the cold side there 
of with a flow-through cooler acting as a heat exchanger, 
both the cooling fins and the flow-through cooler being 
thermally conductive with and electrically insulated from 
the Peltier block. . . . . . . . . . . . . Modern surgical operating practice has sought for a 
longtime to carry out an operation under hypothermal 
conditions, wherein the temperature of the field of the 
operation is lowered to a value below 30°C. Under, such 
subcooled condition, the oxygen requirement and the 
metabolism of all tissues are redu 
and the supply, of oxygen to the t r. - -, - . . . . . 
mains normal and adequate. To produce the condition 
of subcooling in the field of the operation, it has already 
been known to reduce the temperature of the entire body. 
For this purpose, the body is "cooled from the exterior 
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thereof with ice packs, coolant coils or cooling mats 2 
traversed by a cooling liquid, By these means, subcooling 
to 15 to 20°C. has been effected. The most critical phase 
for this treatment rewarming of the body. The 
possibility of partial residual damage to the body or of 
fatal termination of the operation cannot be excluded. 
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This disadvantage could be greatly avoided if it were 
not necessary to subcool the entire body to the sub 
cooled temperature desired for the field of the operation. 
It would be necessary, in this regard, to have a cooling 
capability effective only in that portion of the blood cir 
culating system with which the field of the operation is 
provided. Subcooling can be achieved thereby that is ef 
fective only in the field of the operation and by means 
of which the metabolism of the organ on which the opera 
tion is to be performed can be reduced. At most, the tem 
perature of the entire body is thereby reduced only a 
few degrees since only a small quantity of cooled blood 
is required. . . . . . .. . . . . . . . . . 
...The modification of the blood in an extracorporeal 
circulation system is already known from the heart-lung 
machine. For the problem aforementioned herein, the en 
tire blood circulation system does not, however, have 
(to be treated or modified. An extracorporeal circulation 
system or loop portion has to be provided by means of 
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which blood is tapped only from the artery supplying the 

2 
field of the operation and, after being cooled, is re 
turned to this artery. A flow-through cooler which is con 
nected into the extracorporeal portion of the circulation 
system presents itself as a suitable technical solution of 
this problem. From the medical point of view, several 
technical requirements must be imposed upon these flow 
through coolers. The flow through the cooler must take 
place without any congestion or obstruction in blind 
corners thereof, in order to prevent coagulation of the 
blood. Microscopically small, sharp irregularities in the 
surface of the flow-through space are to be avoided so 
that no damage can occur mechanically to the constitu 
ents of the blood. Furthermore, the blood temperature 
must be maintained as constant as possible after the blood 
has passed the cooler flow-through stage. Therefore, the 
occurrence of temperature gradients within the flow as 
it passes through the cooling stage must be avoided as 
much as possible. In addition, the flow-through space in 
the cooler must be well sealed to prevent the occurrence 
of interchange processes between the blood and the sur 
roundings. The material from which the flow-through 
cooler is made must be corrosion-resistant, capable of 
sterilization and boilable. 
These requirements cannot be met by cooling the flow 

through passage of the blood with water or any other 
liquid. Due to the limited heat exchange with such liquid 
coolants, a long cooling coil must be employed for the 
blood, and the formation of congested or obstructed loca 
tions and consequent coagulation of the blood is accord 
ingly unable to be prevented therein. Also, when using 
a Peltier block for cooling the flow-through fluid, all of 
the aforementioned requirements can be met only if 
specific technical measures have been taken into con 
sideration. In a Peltier block, many thermoelectric ele 
ments are combined so that the cold and the warm 
soldering locations thereof lie in one plane, respectively, 
namely the cold or warm side of the Peltier block. A 
liquid can be cooled in a flow-through space which is 
connected with the cold side of the block. However, to 
cool blood, the flow-through space must be of such con 
struction that it meets the aforementioned conditions for 
avoiding the coagulation thereof. 

It is accordingly an object of my invention to provide 
a device for varying the blood temperature which avoids 
the aforementioned disadvantages. More particularly, ob 
jects of my invention are to provide such a device as will 
avoid the possibility of obstruction of the blood and re 
sulting coagulation thereof. 
With the foregoing and other objects in view, I provide 

in accordance with my invention a device for varying the 
blood temperature which comprises means having a flow 
through space extending in the shape of a band across 
substantially the entire surface on one side of a Peltier 
block and having a width many times greater than the 
thickness thereof and an outlet from and an inlet to the 
flow-through space. The flow-through space has a 'fan 
shaped transition portion respectively flaring outwardly 
from the inlet and narrowing toward the outlet. The tran 
sition portion is curved substantially in accordance with 
the stream lines of blood flowing through the space. Also, 
the space is defined by surfaces that are smoothly pol 
ished. 

In accordance with a further feature of my invention 
the cooled blood flowing back from the field of the op 
eration or at least a portion thereof is conducted into a 
second extracorporeal circulating system adjacent the 
warm side of the block so as to reheat it at that location. 
The temperature of the entire body thus remains prac 
tically independent of the subcooling of the field of the 
operation. Consequently, in accordance with this further 
feature of my invention, there is provided a second heat 
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exchanger, with a flow-through space having the afore 
mentioned features, at the warm side of the Peltier block, 
in the place of at least part of the cooling fins, for heating 
the blood. . - 

Other features of my invention are that the heat ex 
changers are made of corrosion-resistant metal; further 
more, the flow-through space in each heat exchanger is 
sealed by means of a sealing member or gasket resistant 
to boiling, and the heat exchangers are removable. Also 
in accordance with a feature of my invention, I provide 
a regulating device which assures a specific constant tem 
perature of the blood after it has passed through the flow 
through stage. 

Other features which are considered as characteristic 
for the invention are set forth in the appended claims. 

Although the invention is illustrated and described 
herein as embodied in device for varying the blood tem 
perature, it is nevertheless not intended to be limited to 
the details shown, since various modifications and struc 
tural changes may be made therein without departing from 
the spirit of the invention and within the scope and range 
of equivalents of the claims. 
The construction and method of operation of the in 

vention, however, together with additional objects and 
advantages thereof, will be best understood from the foll 
lowing description of specific embodiments when read 
in connection with the accompanying drawings, in which: 

FIG. 1 is a diagrammatic longitudinal view partly in 
Section of an embodiment of the device for varying the 
blood temperature constructed in accordance with my in 
vention; 

FIG. 2 is a plan view of FIG. 1 with the cover plate 
on the right-hand side of FIG. 1 removed; 

FIG. 3 is another diagrammatic longitudinal sectional 
view of a second embodiment of the device of FIG. 1; 

FIG. 4 is a diagrammatic view of an extracorporeal 
portion of a blood circulating system in which the device 
of my invention is connected; and 
FIG. 5 is a diagrammatic view of two extracorporeal 

portions of circulating systems in which my device is 
connected. 

In the hereinafter described embodiments approximate 
ly one-half liter of blood per minute is cooled to 15 
C., and with the second embodiment shown in FIG. 3, 
the same quantity of blood that is thus cooled is again 
heated to body temperature. 

Referring now to the drawings and first particularly to 
FIGS. 1 and 2 thereof, there is shown a Peltier block 
formed of p- and n-conductive semiconductor members 1, 
icontact bridges 2 therebetween and heat exchanger plates 
3. Cooling fins 10 are superimposed on the heat exchanger 
plate 3 at the warm side of the Peltier block and are venti 
lated by a fan 11 to remove the heat therefrom. Aheat ex 
changer 4 is mounted on the heat-exchanger plate 3 at the 
cold side of the Peltier block and is provided with a 
flow-through space 6 that is closed by a cover plate 5, 
suitably secured thereon. The flow-through space 6 is 
provided with an inlet opening 7 and an outlet opening 
8 at the extremities thereof. The flow-through space is 
sealed by a gasket 9. In the plan view of FIG. 2, the heat 
exchanger of FIG. 1 is shown with the cover 5 removed. 
From both FIGS. 1 and 2 it is seen that dead or blind 

corners in the flow path of the blood, which might tend 
to cause congestion or stagnation of the blood, are 
avoided due to the band-shaped structure of the flow 
through space, owing to the rounding or curving of the 
corners thereof and due to the fan-shaped widening, or 
broadening of the flow-through space adjacent the inlet 
and outlet openings 7 and 8 respectively. Due to the 
planar or flat shape of the flow-through space 6, the pro 
duction of a temperature gradient transverse to the flow 
direction is, furthermore, prevented. 

In the second embodiment of FIG. 3, the cooling fins 
10 of the embodiment of FIG. 1 are replaced by a second 
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4. 
heat exchanger. The second heat exchanger comprises a 
main plate 4, a flow-through space 6, an inlet and an 
outlet opening 7' and 8' respectively, and a cover plate 5’ 
substantially of the same construction and function as the 
corresponding members of the first-mentioned heat ex 
changer of the embodiment of FIG. 1. A plan view of the 
heat exchanger shown on the left-hand side of FIG. 3, 
when the cover 5' thereof is removed, substantially cor 
responds to the plan view shown in FIG.2. 
FIG. 4 schematically shows an extracorporeal portion 

of a blood circulation system in which the device of my 
invention is inserted. It is to be assumed that the field 
of the operation is supplied through the artery 10. The 
artery 10 is interrupted at a location 13 and the blood 
from the artery 10 is conducted through a bypass tube 11 
to the device 12 for cooling the blood. The bypass tube 
11 can be made of suitable plastic material. The device 
12 of my invention for cooling the blood corresponds to 
the device shown in greater detail in FIGS. 1 and 2 and 
described hereinbefore. The blood flows from the portion 
of the artery 10, located at the left-hand side of FIG. 4, 
through the band-shaped flow-through space of the cool 
ing device 12 and is returned to the artery 10 portion at 
the right-hand side of FIG. 4. In the field of the oper 
ation, a temperature reduction to about 15° C. is ob 
tained thereby. 

In FIG. 5, there are shown two extracorporeal portions 
of a blood circulating system. The first portion of the 
blood circulating system is tapped with the bypass tube 
11 from the artery 10 which supplies the field 15, having 
the capillary vessels 16, wherein the surgical operation is 
to be performed. In this external portion 11 of the circu 
lating system, there is again inserted a device 14 con 
structed in accordance with my invention for cooling the 
blood. The device 14 corresponds to the embodiment 
shown in FIG. 3 in detail, wherein a second flow-through 
cooler or heat exchanger for reheating the blood is super 
posed on the warm side of the Peltier block. By means of 
this second flow-through cooler, the blood is conducted 
through a bypass tube 18 out of a portion of a vein 17 
which is broken at a location 19, and is returned after 
flowing through the device 14 to the vein 17 at the right 
hand side of FIG. 5. In the second heat exchanger of the 
device 4, the blood flowing back from the field of the op 
eration or at least a portion thereof is reheated before it 
is returned to the circulation system proper of the body. 
The occurrence of damage to the entire organism due to 
subcooling of a field of an operation need no longer be 
feared when using this device of my invention. 

I claim: 
1. Device for varying blood temperature comprising 

a Peltier block having a warm side and a cold side, a 
flow-through heat exchanger connected to one of said 
sides of said Peltier block in thermal conduction there 
with and electrically insulated therefrom, said heat ex 
changer having a flow-through space traversible by a 
flow of blood, said space extending band-shaped over 
substantially, the entire area of the Peltier block on one 
of said sides thereof and having a width many times 
greater than the thickness thereof, and a blood inlet to 
and outlet from said flow-through space located at ex 
tremities thereof, said space being defined by smoothly 
polished surfaces and having fan-shaped transition por 
tions respectively flaring from said inlet and narrowing to 
said outlet, said flow-through space having corners that 
are all rounded in outline, and said fan-shaped portions 
being defined by lateral surface at the flaring sides thereof 
having a given degree of inclination cooperating with said 
rounded corners for avoiding stagnation of blood flowing 
through said space. 

2. Blood-temperature varying device according to 
claim 1, wherein said flow-through heat exchanger is 
connected to said cold side of said Peltier block, and cool 
ing fins are connected to the warm side of said Peltier 
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block in heat conductive and electrically insulating con 
tact therewith. 

3. Blood-temperature varying device according to 
claim 1, wherein said heat exchanger is formed of 
corrosion-resistant metal. 

4. Blood-temperature varying device according to 
claim 1, wherein said flow-through space of said heat 
exchanger is sealed by a gasket resistant to boiling. 

5. Blood-temperature varying device according to 
claim 1 including a second flow-through heat exchanger 
substantially similar to said first-mentioned heat ex 
changer and being similarly connected to the other side 
of said Peltier block. 

6. Blood-temperature varying device according to 
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claim 5 wherein said heat exchangers are interchange 
able. 

References Cited 
UNITED STATES PATENTS 

286,219 - 10/1883. Nichols ------------ 165-170 
3,006,979 10/1961 Rich ----------------- 62-3 
3,137,141 6/1964 Kistler --------------- 62-3 
3,008,300 1 1/1961 Ryan ---------------- 62-3 
3,238,944 3/1966 Hirschhorn ----------- 62-3 
3,293,868 12/1966 Gonzalez ------------- 62-3 

WILLIAM J. WYE, Primary Examiner. 


