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[57] ABSTRACT 
A method is provided for monitoring a characteristic 
of a patient, based upon radioactivity. such as the 
amount of radioactive drug in‘ a patient’s system, and 
automatically attaining and maintaining a prcdeter— 
mined level of drug concentration in the patient, 
based on such monitoring. The system for carrying out 
such method includes monitoring means for monitor 
ing radioactivity or level of radioactive drug previ 
ously administered to a patient, and administering ad 
ditional radioactive drug to the patient based on such 
monitoring. 7 ' 

The method and system of the invention isv particularly 
applicable to the controlled automated administration 
of heparin to a patient; ' 

21 Claims, 3 Drawing Figures 
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METHOD AND SYSTEM FOR CONTROLLED 
AUTOMATED ADMINISTRATION OF DRUGS TO 

PATIENTS 

FIELD OF THE INVENTION 

The present invention relates to a method for con 
trolled automated administration of drugs, such as hep 
arin, to mammals based upon the radioactivity of either 
the drug, the mammal’s fluids or other body parts, or 
both. 

BACKGROUND OF THE INVENTION 

Whenever a drug is administered, there is a danger 
that too little, or too much may be present in certain 
body components, such as blood, urine, other ?uids or 
tissues. This is particularly true for drugs which require 
repeated administration, and/or drugs with powerful 
and potentially hazardous actions. Thus, in many in 
stances, it is essential to attain and maintain a relatively 
constant level of drug amount or concentration in a 
particular body part, organ, tissue or fluid. This is es 
peciaally true in the treatment of blood clots or throm 
bosis employing drug therapy. ' I 

The formation of blood clots in the circulation is a 
catastrophic event common to a number of crippling 
and lethal diseases such as heart disease, vascular dis 
ease and stroke. The same mechanism — intravascular 
coagulation — is a key problem in the application of 
new techniques aimed at alleviating or preventing im 
pending disaster associated with circulatory problems 
as in present day surgical practice with prosthetic de 
vices. Thus, the prevention or arrest of clots or throm 
bosis is a major, widespread, unsolved problem in med 
icine and surgery today. 

Particularly prominent in the treatment of thrombo 
sis is the use of heparin. Undoubtedly, it is the most 
powerful modality of therapy presently known for pre 
vention of this condition. Unfortunately, proper appli 
cation of this therapy is difficult to achieve. Even in the 
most experienced hands, significant variation of blood 
heparin level occurs. Therefore, signi?cant variation of 
coagulability takes place. Consequently, the patient is 
at a “satisfactory" level of anticoagulation for short pe 
riods of time -— in transit between high and low levels, 
as heparin level arises after administration and falls 
with extravascular distribution and excretion. As a re 
sult, the greatest period of time during “anticoagulant” 
therapy is spent at levels which are inadequate (and 
therefore permit intravascular blood clotting) or at lev 
els which are excessive (and therefore may result in 
hemorrhage). 

In large part, this is the result of inadequate and inap~ 
propriate laboratory methods of testing for heparin ac 
tion, e.g., the whole blood clotting time. Present meth~ 
ods for control of heparin therapy are too time consum 
ing and cumbersome for the signi?cant biological vari 
ations which occur with this powerful and effective 
drug. They require multiple injections over short time 
intervals or continuous intravenous infusion to attempt‘ 
to maintain relatively constant blood levels and fre 
quently repeated whole blood clotting time determina 
tions by trained technologists to evaluate levels of anti 
coagulation. Even these methods are unable to fully 
correct erratic and wide swings in anticoagulant levels 
and for the most part result in failure to achieve con 
stant levels of hypocoagulation and resultant inade 
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2 
quate control of therapy. These technical difficulties 
have often discouraged the use of heparin. , 
However, if heparin therapy could be substantially 

controlled ~— such that the proper blood level could be 
immediately attained and thereafter substantially main 
tained constant, it is believed that heparin anticoag 
ulation would be more widely and effectively used with 
consequent decrease or elimination of blood clot vfor 
mation .in cardiovascular and cerebrovascular disease’ 
as well as prosthetic implants and devices. 

, The method and system of the invention provide 
means by which constant precision control of anticoag 
ulant therapy may be easily obtained and automatically 
maintained by the mere setting of an instrument dial or 
dials. 

BRIEF STATEMENT OF THE INVENTION 

In accordance with the present invention, there is 
provided a method for monitoring a characteristic of a 
patient and automatically administering a substance to 
the patient based on such monitoring. Such method 
finds application in the controlled automated adminis 
tration of drugs to patients and generally comprises ad 
ministering a radioactive substance to a patient, such as 
a radiopharmaceutical, monitoring the radioactivity in 
said patient, such as the radioactivity of either the drug, 
the patient’s ?uids, organs, tissues, or both the drug and 
the aforementioned parts of the patient, and automati 
cally administering additional radiopharmaceutical to 
the patient based on such monitoring. The monitoring 
step and the step for automatically administering addi 
tional radiopharmaceutical to the patient based on 
such monitoring are coordinated so as-to maintain a 
predetermined level of radiopharmaceutical concen 
tration in a particular body portion of the patient. , 

In one embodiment of the method of the invention, 
the monitoring step comprises sensing the blood stream 
of the patient for radioactivity, which radioactivity cor 
responds to the level of radiopharmaceutical concen 
tration which was previously administered;v and when 
the sensed level of radioactivity falls below a predeter 
mined level, automatically activating means for admin 
istering additional radiopharmaceutical to the patient, 
thereby causing the level of radiopharmaceutical to be 
increased to a desired predetermined level; and when 
the sensed radioactivity rises above a predetermined 
level, automatically deactivating said means for admin 

. istering additional radiopharmaceutical, thereby caus 
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ing a leveling off of and subsequent fall of concentra 
tion of radiopharmaceutical in the patient’s blood 
stream to said predetermined level. 

In a preferred embodiment of the method of the in-‘ 
= stant invention, the radiopharmaceutical administered 
to the patient is a radioactive heparin, such as heparin 
labeled with 35s. It has been found that the measure 
ment of 35,; activity in the blood stream appears to be 
a measure of blood heparin levels. , 

Further, in accordance with the present invention, a 
system is provided for carrying out the aforedescribed 
method which system comprises, in combination,,mon 
itoring means for monitoring radioactivity in a patient 
and feeding means for automatically administering a 
therapeutic substance, such ‘as a radiopharmaceutical, 
to the patient based on such monitoring, said adminis 
tering means being in operative communication with 
respect to said monitoring means. ' 
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In one embodiment of the system of the invention, 
the feeding means comprises infusion means, in com 
munication with a supply of radiopharmaceutical, for 
automatically administering radiopharmaceutical to a 
patient, and infusion conduit means linking said patient 
to said infusion means. The monitoring means com 
prises radioactivity sensing means, afferent ?uid con 
duit means in communication with said sensing means 
and the patient, for passing a desired fluid from the pa~ 
tient to said sensing means, and control means linked 
to said sensing means and to said infusion means, for 
automatically controlling said infusion means based on 
the radioactivity sensed by said sensing means. Where 
the sensing means is employed to detect the level of ra 
dioactivity in the patient’s blood stream, the system will I 
also include efferent conduit means in communication 
with said sensing means and the patient,'for passing 
blood from said sensing means back to the patient. 
A preferred embodiment of the instant invention will 

also include means to automatically shut down the infu 
sion means when the level of radioactivity sensed by 
said sensing means is at or above a predetermined level. 
Such embodiment may also include signal means in 
communication with said infusion means and/or said 
sensing means to notice to attending personnel that the 
infusion means is shut down and/or the level of radioac 
tivity is at or above a predetermined ‘level. 

In yet another embodiment of the system of the in 
vention, the monitoring means comprises a radioac 
tivity sensing element, one end of which includes a 
sensing tip which is adapted to be placed in communi 
cation with a particular portion of the patient’s body, 
such as a patient’s vein, or particular organ or tissue, 
and the feeding means comprises infusion means in 
communication with a supply of radiopharmaceutical, 
infusion conduit means, one end of which is placed in 
the same body portion of the patient that the sensing tip 
is positioned, the other end of which is in communica 
tion with ‘the infusion means, and also including control 
means in communication with the sensing element and 
the infusion means, for automatically controlling the 
infusion means based on the level of radioactivity 
sensed by the sensing element. When the sensing tip of 
the sensing element is inserted in the patient’s vein, the 
sensing tip will preferably be inserted up-stream from 
the point at which said one end of the infusion conduit 
means is positioned. 
The above systems are capable of miniaturization so 

that they may be substantially supported by the patient 
without the need for cumbersome apparatus. 
Thus, in the above systems, the signal arising from 

the monitoring means is used to control the rate of ad 
dition of radiopharmaceutical to the patient, such that 
the concentration of radiopharmaceutical in the pa 
tient is maintained at a predetermined relatively con 
stant desired level. As indicated, the above systems are 
particularly applicable to the automatic assessment of 
blood heparin level, and to use such information to 
control intravenous heparin infusion rate so as to main 
tain blood heparin at a predetermined relatively con 
stant level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.v lv'is a diagrammatic representation of a system 
in accordance with the present invention. 
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4 
FIG. 2 is a diagrammatic representation of an alter 

nate system in accordance with the present invention. 

FIG. 3 is an enlarged view of a portion of the system 
of the invention shown in FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a preferred embodiment of a system 
for carrying out the method of the present invention, 
said system including monitoring means in the form of 
a radiation detector apparatus 10 and infusion appara 
tus 12. The patient indicated generally by the numeral 
14 is so prepared that some portion, part or area of his 
body, in the present case, ?uid, such as blood, is 
hooked up to the radiation detector via afferent ?uid 
conduit means 16, one end 18 of which is placed in the 
patient’s vein, and the other end 20 of which is con 
nected to the radiation detector. Blood passed from the 
patient through conduit means 16 to the radiation de~ 
tector 10 is returned via efferent conduit means 22 to 
the patient. The radiation detector 10 is in operative 
communication with infusion means 12 by means of the 
control conduit 24. The infusion means 12 is connected 
to the patient via infusion conduit 26. 
The radiation detector 10 includes means for sensing 

radioactivity in the afferent ?uid passed from the pa 
tient via conduit 16 to the detector 10. In addition, the 
radiation detector 10 will be provided with a rate me- _ 
ter, appropriately calibrated for the level of radioac 
tivity to be sensed. The rate meter may be adjusted so 
that a minimum count rate and a maximum count rate 
may be designated, which minimum and maximum cor 
respond to the minimum and maximum predetermined 
levels of radioactivity and, consequently, radioactive 
drug levels in the patient’s blood. The radiation detec- ‘ 
tor will also include conventional circuitry which would 
cause actuation or shut-down of the infusion apparatus 
12 depending upon the level of radioactivity sensed by 
the sensing element of the radiation detector 10. 
The infusion apparatus 12 will comprise a conven 

tional infusion device which is actuated by levels of ra 
dioactivity sensed by the radiation detector 10 and will 
administer appropriate volumes of radioactive drug ac 
cording to the minimum and maximum count rates or 
predetermined levels of radioactivity. For example, the 
infusion apparatus 12 may include or be connected to 
a source of radioactive drug, such as a sterile “plug-in" 
in cartridge of 35S heparin. 
The infusion apparatus will be of conventional con 

struction and will preferably include an infusion pump 
which includes a motor with variable ratio reduction 
gears, a syringe including a plunger connected to a 
finely threaded rod which in turn is connected to said 
gears. The plunger of the syringe containing the desired 
radiopharmaceutical such as 355 heparin would be 
slowly advanced by movement of the finely threaded 
rod which would be moved forward by the reduction 
gears attached to a motor such as a DC motor. The cur 
rent to the DC motor would'control the rate of heparin ' 
infusion and this current would be determined by the 
blood heparin monitoring means or radiation detector 
10. ' ' 

The method of the invention employing the system 
shown in FIG. 1 is carried out as follows: a pharmaceu 
tical is made radioactive, such as heparin labeled with 
the beta emitting radioisotope 35 s and a pharmacologic 
dose of the radioactive heparin is administered to the 
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patient.,The patient will be hooked up to the conduit 
26 of the infusion apparatus 12 and the conduits 16 and 
22 of the radiation detector 10. Blood ?owing from the 
patient via conduit 16 is constantly monitored for radi 
oactivity by the radiation detector 10. The patient’s 
blood (or other body fluid) is constantly perfusing, or 
?owing through, or ?owing past the sensing element of 
the radiation detector 10 and then, if necessary (as in 
the case of blood) is returned to the patient's normal 
blood-flow pattern in his blood stream via conduit 22. 

When the level of radioactivity sensed is believed 
below the designated minimum count rate, the radia 
tion detector 10 does not inhibit operation of the infu 
sion apparatus 12, that is, there is no electrical inhibi 
tion or impediment to the infusion apparatus which 
then delivers the radiopharmaceutical by slow constant 
infusion to the patient, either by injection, infusion, in 
halation, or other means of administration. This tends 
to raise the level or radiopharmaceutical in the pa 
tient’s body, ?uids, tissues and the like. 
When the level of radioactivity sensed is above the 

designated minimum count rate, there is caused, by ap 
propriate conventional electrical circuitry in the radia 
tion detector, a break in the circuit which activates or 
runs the infusion apparatus, thus inhibiting or stopping 
the delivery of radiopharmaceutical to the patient. This 
tends to cause a leveling off and subsequent fall of the 
concentration or amount of radiopharmaceutical in the 
patient’s body, ?uids, tissues, etc. 
Since the volume of blood ?owing from the patient 

to the radiation detector will be fixed, and since the 
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transit time of blood through the radiation detector will ‘ 
be rapid relative to the rate of change of blood radio 
pharmaceutical level, there will be no need for blood 
?ow rate metering. 
The system of FIG. 1 may be modified to include 

means for shutting down the infusion apparatus when 
the level of radioactivity sensed is above a designated 
maximum count rate. Such means includes indepen 
dent conventional circuitry and other conventional 
means to stop ‘the infusion apparatus. Thus, where in 
those instances there may be a continuing slow rise in 
level of radiopharmaceutical after attainment ofa mini 
mum level ofradioactivity (due to slow equilibrium 
rates or other causes) or where there may be a mal 
function of any portion of the apparatus, then when the 
level of radioactivity sensed is above the designated 
maximum count rate, the infusion apparatus, through 
said independent circuitry and other conventional 
means, is caused to shut down. Simultaneously, an 
alarm may be set in motion consisting of visual and au 
dible signals connected up to such circuitry and other 
conventional means of said infusion apparatus or radia 
tion detector, consisting of visual and audible signals 
which will give notice of this situation to attending per 
sonnel. 
FIGS. 2' and 3 illustrate an alternate embodiment of 

. the system of the present invention which includes a ra 
diation detector 10 and an infusion apparatus 12 as de 
scribed in FIG. 1, except each may be in miniaturized 
form. The system shown in FIG. 2 differs from that 
shown in FIG. 1 in that the radiation detector 10 is min 
iaturized and is connected to a probe 30 which may be 
of the semi-conductor type and may be miniaturized. 
The probe is placed in a patient’s vein 32 as shown in 
FIGS. 2 and 3. The probe 30 includes a sensing tip 34. 
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The infusion apparatus 12 is connected to the patient’s 
vein via vconduit 26 which is, in this case, positioned 
downstream of the sensing tip 34 as shown in FIG. 3. 
The infusion apparatus 12 is‘connected via control con 
duit 24 to radiation detector 10. It will be apparent that 
probe 30 and conduit 26 connected to radiation detec 
tor 10 and the infusion apparatus 12, respectively, can 
be carried by a single conduit which is injected into the 
patient’s vein. 

In the embodiment shown in FIG. 2, there is no need 
for afferent ?uid conduits. 
The system shown in FIG. 2 operates as follows: 

A desired amount of radiopharmaceutical, such as radi 
oactive heparin, is administered to the patient. The sys 
tem ofthe invention is then hooked up to the patient 
as shown in FIG. 2 and in FIG. 3. Blood radioactivity 
is sensed by the sensing tip 34 of the probe'30 and is 
relayed to the radiation detector. 10. Depending upon 
the level of minimum and maximum count rates se 
lected by the physician and set on the radiation detec 
tor and on the actual level of radioactivity sensed by 
the probe 30, activation or inhibition of the infusion ap 
paratus 12 is caused by the radiation detector. As 
shown, when the infusion apparatus 12 is actuated and 
is delivering radiopharmaceutical to the patient, the ra 
diopharmaceutical in this case is delivered downstream 
of the sensing tip of the probe 30. . I 

It will be apparent to one skilled in the art that the ra 
diation to be sensed by the radiation detector may be 
beta or gamma, and the beta may be positron or nega 
tron in nature. Furthermore, the radiation detector, in 
cluding its internal components and circuitry and rate 
meter may be of any conventional type suitable to the 
radionuclide emission to be measured. Furthermore, 
the infusion apparatus may be of any conventional 
type. _ 

The drugs which may be administered and automati 
cally controlled in accordance with the present inven 
tion can be of any nature as long as they may be made 
radiopharmaceuticals, or appropriately measured by 
radiopharmaceuticals related in structure, or function 
to the drug of interest. 

It will also be apparent that the system as-described 
herein may be employed for organ profusion, tissue 
profusion, or cell culture maintenance employing the 
same technique described herein. 
What is claimed is: > 
1. A method for ‘monitoring a characteristic of a pa 

tient and automatically administering a substance to 
the patient based on such monitoring, which comprises ' 
administering a radioactive substance to a patient, 
monitoring the radioactivity in said patient and auto 
matically administering a therapeutic drug to the pa 
tient, said administering being directly responsive to 
said monitoring. 7 _ 

2. The method-in accordance with claim 1 wherein 
said radioactive substance is said therapeutic drug. 

3. The method in accordance with claim 2 wherein 
said radioactive substance is injected into the blood 
stream of a patient. 

_4. The method in accordance with claim 2 wherein 
the step of monitoring theradioactivity in the patient 
comprises continuously monitoring the blood stream of 
the patient for radioactivity. , 

5. The method in accordance with claim v1 wherein 
said radioactive substance is a radiopharmaceutical. 
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6. The method in accordance with claim 5 wherein 
said radiopharmaceutical is radioactive heparin. 

7. The method in accordance with claim 1 wherein 
said monitoring step and said step for automatically ad 
ministering a therapeutic drug to the patient are coor 
dinated so as to maintain a predetermined level of radi 
oactive drug concentration in a particular body portion 
of the patient. 

8. The method in accordance with claim 7 wherein 
said monitoring step comprises sensing the blood 
stream of the patient for radioactivity which corre 
sponds to the level of radioactive drug which was previ 
ously administered, and when said sensed radioactivity 

' falls below a predetermined level, automatically acti 
vating means for administering additional radioactive 
drug to the patient thereby causing the level of radioac 
tive drug to be increased to said predetermined level, 
and when said sensed radioactivity rises above a prede 
termined level, automatically deactivating said means 
for administering additional radioactive drug, thereby 
causing a leveling off of and subsequent fall of concen 
tration of radioactive drug in the patient’s blood stream 
to said predetermined level. 
I 9. The method in accordance with claim 8 wherein 
said radioactive drug is radioactive heparin. 

10. The method in accordance with claim 9 wherein 
said radioactive‘heparin is S35 tagged heparin. 

11. A system for carrying out the method as de?ned 
in claim 1, comprising, in combination, monitoring 
means for monitoring radioactivity in a‘patient, admin 
istering means in operative communication with said 
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monitoring means and responsive to said monitoring _ 
means, for automatically administering a therapeutic 
substance to‘the patient, and means responsive to said 
monitoring means for controlling and activating said 
administering means. 

12. The system in accordance with claim 11 wherein 
said administering means comprises infusion means, in 
communication with a supply of radioactive drug, for 
automatically feeding radioactive drug to a patient, and 
infusion conduit means linking said patient to said infu 
sion means. ' 

13. The system in accordance withclaim 12, wherein 
said monitoring means comprises radioactivity sensing 
means, afferent fluid conduit means in communication 
with said sensing means and the patient, for passing a 
desired fluid from the patient to said sensing means, 
and control means linked to said sensing means and to 
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said infusion means for automatically controlling said 
infusion means based on the radioactivity sensed by 
said sensing means. 

14. The system in accordance with claim 13 includ 
ing, in addition, efferent conduit means in communica 
tion with said sensing means and the patient, for pass 
ing fluid from said sensing means back to said patient. 

15. The system in accordance with claim l3‘includ 
ing means to automatically shut down said infusion 
means, when the level of radioactivity sensed by said 
sensing means is at or above a predetermined level. 

16. The system in accordancewith claim 15 includ 
ing signal means in communication with said infusion 
means and/or said sensing means to notice to attending 
personnel that said infusion means is shut down and/or 
the level of radioactivity is at or above a predetermined 
level. . - 

17. The system in accordance with claim 11 wherein 
said monitoring means comprises a radioactivity sens 
ing element, one end of which including a sensing tip 
is adapted to be placed in a patient’s vein, and said ad 
ministering means comprises infusion means in com 
munication with a supply of radioactive drug, infusion 
conduit means, one end of which is placed in a patient’s 
vein, the other end of which is in communication with 
said infusion means, and also including control means 
in communication with said sensing element and said 
infusion means, for automatically controlling said infu 
sion means based on the level of radioactivity sensed by 
said sensing element. 

18. The system in accordance with claim 17 wherein 
said sensing tip of said sensing element is inserted in the 
patient’s vein upstream from the point at which said 
one. end of said infusion. conduit means. 

' 19. The system in accordance with claim 11 wherein 
said monitoring means and administering means are co 
ordinated so as to maintain a predetermined level of ra 
dioactive drug concentration in a particular body por 
tion of thepatient. 

20. The system in accordance with claim 12'wherein 
said infusion means and'said monitoring means are in 
miniaturized form. _ 

21. The system in accordance with claim 13 wherein 
said infusion means and said monitoring means are in 
miniaturized form. 


