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A hypothermia system for therapeutic use, particularly 
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system including a novel fluid pressure operated im 
peller driven pump effective to recirculate heat trans 
fer fluid through a virtually closed fluid circuit includ 

Ballman................................ 165146 14 Claims, 3 Drawing Figures 

E. 2a 7-4A1aaaaaaaaa. 

W 
42 

  

  

  

  

  

    

  



PATENTED JUNO 1975 3. 888,259 
SHEET 1 

  



PATENTED JUNO 1975 SHEET 2 

41 

-- W Zzyz 72 

  

  

  



3,888,259 
1 

HYPOTHERMA SYSTEM 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to hypothermia systems and, 
more particularly, to an improved hypothermia system 
particularly adapted for use to cool or heat patients. 
Heretofore, various therapeutic systems have been em 
ployed to cool or heat patients, such prior therapeutic 
systems including relatively complex fluid systems in 
corporating hypothermia pads or the like through 
which a heat transfer fluid is circulated by means of 
pumps usually driven by electric motors. Such prior 
systems are relatively complicated and expensive, sub 
ject to excessive heat losses, often difficult to transport 
and require complex fluid circuitry which is difficult to 
install and maintain. 
An object of the present invention is to overcome dis 

advantages in prior therapeutic systems of the indi 
cated character and to provide an improved hypother 
mia system incorporating improved means for recircu 
lating heat transfer fluid through a hypothermia pad to 
cool or heat patients. 
Another object of the invention is to provide an im 

proved hypothermia system for cooling or heating pa 
tients for medical purposes, which system incorporates 
improved fluid pressure operated impeller-pump 
means effective to recirculate heat transfer fluid 
through a virtually closed fluid circuit including a hypo 
thermia pad. - 
Another object of the invention is to provide an im 

proved fluid pressure operated impeller-pump particu 
larly adapted for use in hypothermia systems. 
Another object of the invention is to provide an im 

proved hypothermia system that is relatively simple in 
construction, economical and commercially feasible to 
manufacture, assemble and maintain, durable, effi 
cient, reliable and quiet in operation and suited for ex 
plosion proof environments such as operating room or 
oxygen enriched atmospheres. The above as well as 
other objects and advantages of the present invention 
will become apparent from the following description, 
the appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. is an elevational view of a portable hypother 

mia system embodying the present invention; 
FIG. 2 is a schematic view, with portions broken 

away, of the hypothermia system illustrated in FIG. 1; 
and 
FIG. 3 is a sectional, elevational view of a fluid pres 

sure operated impeller-pump embodying the present 
invention, showing the same installed in the hypother 
mia system illustrated in FIGS. 1 and 2. 

DETAILED DESCRIPTION 

Referring to the drawings, a hypothermia system, 
generally designated 10, is illustrated embodying the 
present invention, the hypothermia system 10 being 
adapted for use, particularly in hospitals, to cool or 
heat patients for medical purposes. In the preferred 
embodiment of the invention illustrated, the hypother 
mia system 10 includes a conventional hypothermia 
pad 12 through which a heat transfer fluid, such as wa 
ter, is circulated to cool or heat patients who have been 
placed in contact with or wrapped in the pad 12. The 
hypothermia system 10 also includes a fluid pressure 
operated impeller-pump, generally designated 14, 
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2 
which will described hereinafter in greater detail, and 
a conventional thermo-electric heating-cooling unit, 
generally designated 16, effective to cool or heat water 
or other fluid circulating through the hypothermia pad 
12. The hypothermia system also includes a D.C. power 
supply 18, an electric motor driven pump 20, a fluid 
reservoir 22 and a convective heat exchanger 24. As 
illustrated in FIG. 1, the fluid pressure operated impell 
er-pump 14 and the thermoelectric heating-cooling 
unit 16 are preferably mounted in a removable com 
partment 26 carried by a base compartment 28 
mounted on casters 30. The D.C. power supply 18, 
electric motor driven pump 20, fluid reservoir 22 and 
convective heat exchanger 24 are preferably mounted 
in the base compartment 28 although it will be under 
stood that, if desired, the power supply 18, pump 20, 
reservoir 22 and heat exchanger 24 may be perma 
nently installed in a convenient location. 

In the embodiment of the invention illustrated, the 
empeller-pump 14 is comprised of a housing 32 defin 
ing an upper impeller portion 34 and a lower pump por 
tion 36 disposed below the impeller portion 34, the im 
peller portion 34 including a fluid inlet 38 and a fluid 
outlet 40 while the pump portion includes a fluid inlet 
42 and a fluid outlet 44. A plurality of conventional 
curved impeller blades 46 are provided which are dis 
posed in an impeller chamber 48 defined by the upper 
impeller portion 34 of the housing 32, and a plurality 
of conventional curved pump blades 50 are provided 
which are disposed in the pump chamber 52 defined by 
the lower pump portion 36 of the housing 32. The im 
peller blades 46 and the pump blades 50 are mounted 
on a common shaft extending through a passageway 56 
defined by the central portion 58 of the housing 32. 
The lower end of the shaft 54 is supported by a bearing 
60 carried by the lower end wall 62 of the housing 32 
while the upper end of the shaft 54 is supported by a 
bearing 64 carried by a spider 66 having circumferen 
tially spaced, angularly disposed legs 68 fixed to the 
wall portion 70 of the housing defining the outlet 40. 

In the illustrated embodiment of the invention, the 
inlet 38 of the impeller portion 34 is connected to a 
source of pressurized water, such as the outlet 72 of the 
heat exchanger 24, by a conduit or hose 74, one side 
75 of the thermoelectric heating-cooling unit 16 being 
interposed between the hose 74 and the inlet 38 of the 
impeller portion 34. The outlet 40 of the impeller por 
tion 34 is connected to the intet 76 of the reservoir 22 
by a conduit or hose 78, while the outlet 80 of the res 
ervoir 22 is connected to the inlet 82 of the pump 20 
by a conduit 84, the outlet 86 of the pump being con 
nected to the inlet 88 of the heat exchanger 24 by a 
conduit 90. 

In the embodiment of the invention illustrated, the 
outlet 44 of the pump portion 36 is connected to the 
inlet 92 of the hypothermia pad 12 by a conduit or hose 
94, the other side 96 of the thermoelectric heating 
cooling unit 16 being interposed between the outlet 44 
of the pump portion 36 and the inlet 92 of the hypo 
thermia pad 12. The outlet 98 of the hypothermia pad 
12 is connected to the inlet 42 of the pump portion 36 
by a conduit or hose 100. 
The thcrmoelectric heating-cooling unit 16 is a con 

ventional low current, D.C. module which may be ob 
tained, for example, from Materials Electronic Prod 
ucts Corporation, Trenton, N.J. 08638, the thermo 
electric material 101 being comprised of a quaternary 
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alloy of bismuth, tellurium, selenium, and antimony 
with small amounts of suitable dopents, processed to 
produce an oriented polycrystalline ingot with an iso 
tropic thermoelectric properties. The thermoelectric 
material 101 of the unit 16 is connected to the D.C. 
power supply 18 by conductors 102 and 104. Depend 
ing upon the direction of flow of the D.C. current, one 
side of the unit 16, such as the side 75, becomes hot 
when D.C. current is applied to the thermoelectric ma 
terial of the unit 6 while at the same time the other 
side 96 of the thermoelectric unit becomes cold. When 
the flow of D.C. current is reversed, the side 75 be 
comes cold while the side 96 becomes hot as will be 
readily understood by those skilled in the art. 
The connective heat exchanger 24 may, for example, 

be of the type conventionally utilized as an evaporator 
in household or commercial refrigerators and is prefer 
ably formed with flat, smooth exterior surfaces and 
built in coils, the exterior surfaces thus being devoid of 
fins (which would tend to collect dirt, dust, bacteria 
and other foreign materials). With such a construction, 
the heat exchanger 24 may be easily cleaned and steril 
ized and since forced air cooling and fins are not uti 
lized, the heat exchanger may be easily maintained in 
a sterile condition by hospital personnel. The heat ex 
changer 24 as well as the power supply 18 are prefera 
bly mounted in the lower compartment 28 and may be 
disposed at a position remote from the patient when the 
hypothermia system is in use while the removable com 
partment 26 containing the heating-cooling unit 16 and 
the impeller-pump 14 are disposed near the patient. As 
shown in FIG. 1 of the drawings, the fluid conduits 74 
and 78 and the electrical conduits 102 and 104 are 
preferably mounted on a drum 105 secured to the 
lower unit whereby the fluid conduits 74 and 78, the 
electrical conduits 102 and 104 and the removable 
compartment 26 may be extended from the base unit 
28 when the system is in use and retracted when the 
system is not in use. 

In the operation of the hypothermia system 10, as 
suming that it is desired to cool a patient who has previ 
ously been placed in contact with the pad 12, and fur 
ther assuming that the system is substantially filled with 
a heat exchange fluid such as water, the D.C. power 
supply 18 and the pump 20 are first energized. The cur 
rent flowing through the thermoelectric heating 
cooling unit 16 then causes the side 75 to become 
warm and the side 96 to become cold. At the same 
time, pressurized water flows from the outlet 86 of the 
pump 20, through the conduit 90, the heat exchange 
unit 24 and through the pipe 74 and the warm side 75 
of the thermoelectric cooling unit 16 to the inlet 38 of 
the impeller portion 34. The incoming pressurized 
water then flows through the chamber 48, down 
through the passageway 56 surrounding the shaft 54 
and through the pump chamber 52 to the outlet 44. 
The incoming pressurized water then flows through the 
cool side 96 of the thermoelectric cooling unit 16, 
which cools the water, and through the pipe or hose 94 
to the inlet 92 of the hypothermia pad 12 so as to cool 
the patient. The water flows through the outlet 98 of 
the hypothermia pad 12, through the hose 100 to the 
inlet 42 of the pump portion 36 of the impeller-pump 
14. Any air entrained in the system is vented through 
the passageway 56 and out through the outlet 40 of the 
impeller portion 34, such air subsequently being vented 
to the atmosphere from the open vent 106 in the reser 
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4 
voir 22. As soon as the system is completely full of 
water and all air has been evacuated from the system 
through the outlet 40 of the impeller portion 34, rota 
tion of the impeller blades 46 is effected by virtue of 
the pressurized water entering through the inlet 38, im 
pinging upon the impeller blades 46, and then flowing 
out through the outlet 40 of the impeller portion. Rota 
tion of the impeller blades 46 effects rotation of the 
pump blades 50, carried by the common shaft 54, to 
pressurize the water in the pump chamber 52 at a 
somewhat lower pressure than the pressure of the in 
coming water at the inlet 38 of the impeller, and the 
pump portion consequently initiates circulation of cool 
water from the outlet 44, through the cool side 96 of 
the thermoelectric unit 16, through the hypothermia 
pad 12, and back to the inlet 42 of the pump portion 
36. Such a system permits a virtual closed circuit loop 
for recirculation of cool water through the hypother 
mia pad 12 so as to increase the efficiency but allows 
communication with a remote pressurized water 
source. The lack of a substantial pressure differential 
between the chambers 48 and 52 prevents substantial 
mixing of the incoming pressurized water with the cool 
recirculating water with the result that substantial isola 
tion of the two fluid loops is established. 
When it is desired to heat the patient, the flow of 

D.C. current from the power supply 18 is reversed so 
that the side 75 of the thermoelectric unit 16 becomes 
cool while the side 96 becomes hot. Water emanating 
from the heat exchange unit 24 then flows through the 
system in the manner previously described whereby 
heated water flows through the hypothermia pad 12 to 
heat the patient while relatively cool water flows 
through the impeller pump portion 14 as previously de 
scribed. The heat exchange unit 24 thus serves to cool 
the recirculating water when the system is utilized to 
cool a patient and the heat exchange unit 24 serves to 
raise the temperature of the water circulating through 
the impeller-pump unit 14 when the hypothermia sys 
tem is utilized to heat a patient. 
From the foregoing description, it will be appreciated 

that the upper removable compartment 26 may be con 
veniently disposed at the bedside of the patient, the im 
peller-pun p portion and the thermoelectric unit 16 
being disposed in such compartment and operating 
with relatively little noise while the base unit 28 may be 
disposed at a distance remote from the patient whereby 
any noise emanating from the pump 20 will be muted 
so that the patient is not unduly disturbed. At the same 
time, since the thermoelectric unit 16, in use, is situ 
ated relatively close to the patient, heat losses between 
the thermoelectric unit 16 and the hypothermia pad 12 
through the hoses 94 and 100 are reduced to a mini 
mum. Moreoever, no additional spark insulation is re 
quired, with the result that the hypothermia system is 
eminently suited for explosion proof environments 
such as operating rooms and oxygen enriched atmo 
spheres. 
While a preferred embodiment of the invention has 

been illustrated and described, it will be understood 
that various changes and modification may be made 
without departing from the spirit of the invention. 
What is claimed is: 
i. in a hypothermia system, the combination includ 

ing hypothermia pad means, fluid heat exchange 
means, fluid pressure operated impeller-pump means 
having an impeller portion and a pump portion each 
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provided with a fluid inlet and a fluid outlet, a source 
of fluid pressure, means for connecting the inlet of said 
impeller portion to said source of fluid pressure, and a 
closed fluid circuit connecting the outlet of said pump 
portion to the inlet of said pump portion through said 
heat exchange means and said hypothermia pad means, 
said source of fluid pressure comprising a second 
closed fluid circuit including the outlet of said impeller 
portion and second heat exchange means. 

2. In a hypothermia system, the combination includ 
ing hypothermia pad means, fluid heat exchange 
means, fluid pressure operated impeller-pump means 
having an impeller portion and a pump portion each 
provided with a fluid inlet and a fluid outlet, a source 
of fluid pressure, means for connecting the inlet of said 
impeller portion to said source of fluid pressure, and a 
closed fluid circuit connecting the outlet of said pump 
portion to the inlet of said pump portion through said 
heat exchange means and said hypothermia pad means, 
said impeller-pump means including a housing defining 
an impeller chamber and a pump chamber, a shaft car 
ried by said housing and extending into said impeller 
chamber and said pump chamber, a plurality of impel 
ler blades disposed in said impeller chamber and fixed 
to said shaft, and a plurality of pump blades disposed 
in said pump chamber and fixed to said shaft. 
3. The combination as set forth in claim 2 including 

a fluid passage connecting said impeller chamber with 
said pump chamber. 

4. The combination as set forth in claim 3 wherein 
said shaft extends through the fluid passage connecting 
said impeller chamber with said pump chamber. 

5. In a hypothermia system, the combination includ 
ing hypothermia pad means, fluid heat exchange 
means, fluid pressure operated impeller-pump means 
having an impeller portion and a pump portion each 
provided with a fluid inlet and a fluid outlet, a source 
of fluid pressure, means for connecting the inlet of said 
impeller portion to said source of fluid pressure, and a 
closed fluid circuit connecting the outlet of said pump 
portion to the inlet of said pump portion through said 
heat exchange means and said hypothermia pad means, 
said source of fluid pressure comprising electric motor 
driven pump means and convective heat exchange 
means disposed in a second closed fluid circuit includ 
ing the fluid inlet and the fluid outlet of said impeller 
portion. 

6. The combination as set forth in claim 5 wherein 
said second closed fluid circuit includes a fluid reser 
voir and is vented to atmosphere. 

7. In a hypothermia system, the combination includ 
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6 
ing hypothermia pad means, fluid heat exchange 
means, fluid pressure operated impeller-pump means 
having an impeller portion and a pump portion each 
provided with a fluid intet and fluid outlet, a source of 
fluid pressure, means for connecting the inlet of said 
impeller portion to said source of fluid pressure, and a 
closed fluid circuit connecting the outlet of said pump 
portion to the inlet of said pump portion through said 
heat exchange means and said hypothermia pad means, 
said fluid heat exchange means including a thermoelec 
tric heating-cooling unit, a D.C. power supply, and 
means electrically connecting said power supply to said 
thermoelectric heating-cooling unit. 

8. In a hypothermia system, the combination includ 
ing hypothermia pad means, the thermoelectric heat 
exchange means, fluid pressure operated impeller 
pump means having an impeller portion and a pump 
portion each provided with a fluid inlet and a fluid out 
let, a first fluid circuit connecting the outlet of said 
pump portion to the inlet of said pump portion through 
said thermoelectric heat exchange means and said hy 
pothermia pad means, fluid pump means, and a second 
fluid circuit connecting the outlet of said impeller por 
tion to the inlet of said impeller portion through said 
fluid pump means. 

9. The combination as set forth in claim 8 wherein 
said second fluid circuit includes convective heat ex 
change means. 

10. The combination as set forth in claim 9 wherein 
said impeller-pump means includes a housing defining 
an impeller chamber and a pump chamber, a shaft car 
ried by said housing and extending into said impeller 
chamber and said pump chamber, a plurality of impel 
ler blades disposed in said impeller chamber and fixed 
to said shaft, and a plurality of pump blades disposed 
in said pump chamber and fixed to said shaft. 

11. The combination as set forth in claim 10 includ 
ing a fluid passage connecting said impeller chamber 
with said pump chamber. 

12. The combination as set forth in claim 11 wherein 
said shaft extends through the fluid passage connecting 
said impeller chamber with said pump chamber. 

13. The combination as set forth in claim 12 includ 
ing a D.C. power supply, and means electrically con 
necting said power supply to said thermoelectric heat 
exchange means. 

14. The combination set forth in claim 13 wherein 
said second fluid circuit includes a fluid reservoir and 
is vented to atmosphere. 
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