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LIQUID INFUSION INFILTRATION DETECTION 
APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

Intravenous or intra arterial administration of liquids such 
as blood, electrolytes, pharmaceuticals, foodstuffs, and the 
like commonly use a hollow needle or catheter inserted into a 
super?cial artery or vein. However, patient movements may 
dislodge the needle or catheter from a vein or artery and per 
mit an accumulation of liquid in the perivascular tissue with 
concomitant discoloration, discomfort and possible destruc 
tion of tissue. Presently, detection of this condition requires 
sufficient in?ltration of liquid to produce pain, swelling, 
discoloration or a cessation of liquid administration due to the 
buildup of liquid pressure within the local tissue. 

SUMMARY OF THE INVENTION 

In the present invention, the skin temperature in the region 
about the administration needle or catheter is monitored to 
provide an early warning of the condition causing liquid in?l 
tration into the perivascular tissue of a patient. Since the 
liquid being administered to a patient is typically at a lower 
temperature than normal skin temperature, an undesirable ac 
cumulation of the administered liquid produces a resulting 
lower skin temperature in the region about the accumulation. 
A detected change in skin beyond a set value may thus be de 
tected and used to terminate liquid administration to the pa 
tient and also to provide an alarm indicative of the undesirable 
liquid in?ltration condition. 

, DESCRIPTION OF THE DRAWING 

FIG. 1 is a pictorial diagram of the liquid infusion detection 
apparatus of the present invention; and 

FIG. 2 is a pictorial diagram of one embodiment of the 
present invention in which adhesive tape is used to hold the 
temperature-responsive transducers in place on the skin sur 
face of a patient. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1, there is shown the arm 9, or other 
suitable body part of a patient, disposed to receive a liquid-ad 
ministering needle or catheter 11 in a super?cial artery or 
vein. The-needle or catheter 11 is connected through ?exible 
conduit or tubing 13 to a liquid reservoir 15. Flow control 
means the detector which may be a signal-controlled valve or 
tubing clamp in gravity-fed infusion sets or a motor shutoff 
switch in positive pressure administration sets, or the like, is 
coupled to the liquid conduit 13 to stop the flow of liquid 
therethrough in response to a control signal applied thereto on 
input 19. ' ' 

A temperature-responsive transducer 21 such as a 
thermistor or thermocouple, or the like, is disposed preferably 
on the skin surface about the entrance of the needle or 
catheter 11 into a vein or artery. The output signal on line 23 
from the transducer 21 is thus representative of the skin sur 
face temperature and is applied to the detector means 25 for 
detection and analysis. The detector means 25 typically in 
cludes an ampli?er 27 connected to receive the transducer 
output signal on line 23 and an adjustable threshold detector 
29 connected to receive the output of ampli?er 27 for produc 
ing a control signal at output 31 in response to the ampli?er 
output attaining a selected threshold value. 

In operation in this manner, an initial indication of skin sur 
face temperature may be obtained in the region of the en 
trance of the needle or catheter 11 into a vein or artery of a 
patient before liquid infusion or administration is commenced. 
The resultant signal may be stored using conventional signal 
storage means for comparison with subsequently generated 
signal values. This initial indication may thus be used as a 
reference indication against which a lower threshold value of 
skin temperature may be selected by adjustment of threshold 
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2 
detector 29. Normally, this initial skin temperature at the re 
gionabout the entrance of the needle catheter l1 (and el 
sewhere on the patient’s body) is typically about 33° C. if the 
patient is not in a state of shock and tends to vary with liquid 
infusion only down to about 3 l“ C. for common infusion rates 
of liquids. These liquids are at or about room temperature ( i.e. 
about 20°?25° C., or colder if the liquids are stored in a 
refrigerated state (e.g. blood). Thus upon accumulation of the 
infusion liquid in the perivascular tissue about the region of 
the entrance of the needle or catheter 11 due, for example, to 
the needle or catheter 11 becoming dislodged from the vein or 
artery of the patient, the skin temperature in this region will 
drop well below the few degrees Centigrade difference which 
occurs during normal liquid infusion and will closely approach 
the temperature of the infusion liquid. The threshold detector 
29, set to a threshold value of ampli?ed signal from ampli?er 
27 which is representative of the initial skin temperature, thus 
produces a control signal at the output 31 which is indicative 
of abnormal liquid infusion. This control signal may be applied 
either to an alarm, say, located at a central nursing station, or 
to the ?ow-control means 17, or to both the alarm 33 and the 
flow-control means 17. The liquid infusion is thus terminated 
automatically by flow~control means 17, or manually as by a 
nurse responding to the alarm 33 indication or abnormally low ' 
skin surface temperature in the entrance region and taking 
necessary corrective measures. 

In another embodiment of the invention, the entrance re 
gion temperature, for example, detected by transducer 21, is 
monitored with respect to a reference signal. For this purpose, 
an additional temperature transducer 35 may be disposed 
preferably on the skin surface of the patient 9 at a location 
which is remote from the entrance region transducer 21. In 
this embodiment, the ampli?er 27 ampli?es the difference 
between signals from the transducers 21 and 35 for applica 
tion to the threshold detector 29. The advantage of this em 
bodiment is that an initial reading need not be taken to 
calibrate the threshold detector and‘ also that such differential 
thermal detection may be used conveniently on patients with 
abnormal or fluctuating skin temperatures. This may occur in 
patients who are in a state of shock or who are undergoing 
hypothermic surgery or therapy and whose skin surface tem 
peratures are lower than normal and also in patients with 
fevers whose skin temperatures may be higher than normal. 
The output from threshold detector 29 may also be used in 
this embodiment to actuate either or both of the alarm 33 and 
flow-control means 17. 

In another embodiment of the present invention, dif 
ferential thermal detection may be accomplished by com 
parison of the output signal from transducer 21 with a signal 
from a reference source‘of such signal (i.e. instead of signal 
from transducer 35). This is possible because of reasonable 
uniformity of skin temperatures encountered at a given loca 
tion on the body from patient to patient not suffering from the 
above-mentioned abnormalities. 

In FIG. 2 there is shown a pair of transducers 21 and 35 
disposed on a length of adhesive tape 41 for positioning on a 
portion of the body, say, an arm of a patient. The adhesive 
tape 4] usually has low thermal conductivity and may be 
disposed to encircle an arm or leg of a patient. Transducers 21 
and 35 of FIG. 1 are attached to the inside surface of the tape 
41 in position to contact the skin surface of the body part of a 
patient at spaced locations with the tape in place. Suitable 
conductors 23 to the transducers may be af?xed to the tape 41 
to avoid accidental snagging and circuit disconnection from 
the detector means 25. 

Therefore, the present infusion detection apparatus and 
method provides early indication of liquid infusion into 
perivascular tissue about the entrance of a liquid conduit into 
a patient’s vein or artery. Such early detection may be 
produced by differential or absolute thermal measurements of 
skin surface temperature prior to the accumulation of the 
quantity of liquid commonly required to provide such 
presently used indications as swelling, skin discoloration, and 
pam. 
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lclaim: 
1. Infusion-in?ltration responsive apparatus for use with 

liquid-infusion equipment comprising: 
liquid-delivery conduit means disposed to be inserted into a 

blood vessel of a patient for delivering liquid thereto and 
including control means for stopping liquid infusion into a 
patient in response to a control signal applied thereto; 

a heat-responsive element disposed to be positioned on the 
skin surface of a patient in the region of the entrance site 
of a liquid-delivery conduit into a blood vessel of the pa 
tient for producing an output indicative of the tempera 
ture of skin of the patient in said region; and 

circuit means coupled to the output of said element and to 
said control means for applying a control signal thereto to 
stop liquid infusion into the patient in response to said 
output attaining a selected value. 

2. Infusion-infiltration responsive apparatus as in claim 1 
wherein: 

said control means includes pinching apparatus disposed 
about a portion of conduit of the liquid-delivery conduit 
means for occluding the conduit to stop the ?ow of liquid 
therethrough in response to said control signal applied to 
said control means. 

3. lnfusion-in?ltration responsive apparatus as in claim 1 
wherein: 

said liquid-delivery conduit means includes motor-driven 
liquid-pumping means; and 

said control means is coupled to said liquid-pumping means 
for stopping the pumping of liquid thereby in response to 
said control signal applied to said control means. 

4. Infusion-infiltration responsive apparatus as in claim 1 
wherein: 

said circuit means includes threshold detection means for 
producing said control signal only in response to said out 
put attaining a preselected value. 

5. Infusion-in?ltration responsive apparatus as in claim 4 
wherein: said circuit means includes a source of a reference 
signal which is representative of a selected absolute tempera 
ture of the skin surface of a patient; and 

said threshold detection means produces said control signal 
only in response to a selected algebraic combination of 
the output from said element and said reference signal at 
taining a predetennined relationship. 

6. lnfusion-infiltration responsive apparatus as in claim 4 
wherein: 

said circuit means includes signal storage means for storing 
a signal representative of the temperature of the skin of a 
patient in the region of said entrance site prior to liquid 
infusion into a blood vessel of the patient; and 

said circuit produces said control signal in response to the 
difference between the stored signal prior to liquid infu~ 
sion and the output of said element following commence 
ment of liquid-infusion attaining a predetermined value. 
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7. infusion-in?ltration responsive apparatus as in claim 1 
comprising: 

a source of reference signal which is representative of the 
surface temperature of the skin of a patient at a location 
remote from said site; and 

said circuit means includes threshold response means which 
produces said control signal in response to said output 
decreasing below said reference signal by a selected 
value. 

8. Infusion-infiltration responsive apparatus as in claim 7 
wherein: 

said source includes an auxiliary heat-responsive element 
disposed to be positioned at a location on the skin surface 
of a patient remote from said site for producing said 
reference signal representative of the skin surface tem 
perature at said location; and 

said threshold responsive means includes a differential de 
tector which responds to the difference between said out 
put and said reference signal for producing said control 
signal in response to said difference attaining a selected 
value. 

9. The method of liquid-infusion administration comprising 
the steps of: 

placing a liquid-infusion delivery conduit into a blood vessel 
of a patient for delivering an infusion liquid into the blood 
vessel of the patient; and 

simultaneously sensing the skin temperature in the region of 
the entrance site of the conduit into the blood vessel for 
detecting changes in the skin temperature in said region 
associated with the liquid in?ltration to control liquid in 
fusion into the blood vessel in response to changes in said 
skin temperature beyond a selected value. 

10. The method of liquid~infusion administration as in claim 
9 comprising the additional step of: 

discontinuing delivery of the infusion liquid to the blood 
vessel of the patient in response to the temperature 
sensed in said region attaining a selected value. 

1 l. The method of liquid infusion administration as in claim 
10 comprising the additional step of sensing the temperature 
in said region of the entrance site prior to the infusion of liquid 
and wherein the step of discontinuing delivery of the infusion 
liquid is performed in response to the temperature sensed in 
said region following commencement of liquid infusion deviat 
ing by a preselected amount from the temperature sensed 
prior to infusion of liquid. 

12. The method of liquid infusion administration as in claim 
10 wherein the step of discontinuing delivery of the infusion 
liquid is performed by simultaneously sensing the skin tem 
perature of the patient at a location remote from said entrance 
site; and 

discontinuing the delivery of the infusion liquid in response 
to the difference between the temperatures about said en 
trance site and at said location attaining a selected value. 
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