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(57) ABSTRACT 

A medication delivery and monitoring system and methods 
Whereby drugs are safely delivered to a patient, monitored in 
real-time during delivery and crucial events are recorded 
during delivery to provide real-time, on-line information and 
detail for an audit trail. A novel safety label cradle unit is 
disclosed. Safety label cradles (SLC’s) are provided in a 
plurality of siZes to match varying siZes of syringes Which 
are disposed on a cradle of the SLC to provide a constant 
needle height on the SLC unit independent of syringe 
volume (barrel diameter). Aselected SLC is securely affixed 
to a syringe by an adhesively backed label Wrapping. The 
label is preprinted to provide drug identi?cation indicia and 
drug preparation information. The information is automati 
cally read into the system from the label. A novel delivery 
station of the system monitors drug delivery as a plunger of 
the syringe is pushed to deliver a drug to a patient. A smart 
tray in cooperation With a slider portion of the SLC is used 
to selectively deliver drugs to a port in the IV set. The smart 
tray comprises a ?rst portion for carrying SLC units, an 
attachable second portion having a control panel for oper 
ating the system and a cover for lockably affixing the SLC 
units to the tray. 

57 Claims, 13 Drawing Sheets 
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MEDICATION DELIVERY AND 
MONITORING SYSTEM AND METHODS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF INVENTION 

The ?eld of the invention is control and monitoring of 
medications delivered to a patient and more particularly to 
methods and apparatus involved in automatically controlling 
drug delivery, including controlling of drug administration 
rate and volume, With real-time monitoring and record 
keeping. 

BACKGROUND 

Problems related to misidenti?cation and resulting erro 
neous delivery of drugs are Well knoWn in the medical care 
art. Other problems related to drug control, maintaining 
adequate drug records, contamination of drugs prepared on 
patient ?oors are also Well knoWn in the pharmaceutical art. 
This invention provides solutions to the above disclosed 
problems and many others as Will become evident hereafter. 

Manual dispensing of drugs from pharmacy to anesthesia 
is a common practice in hospitals and other surgery facilities 
today. Anesthesia providing departments generally ?ll 
syringes With drugs, administer the drugs directly to patients 
and document the drug handling process in a retrospective 
manner using handwritten entries. The likelihood of human 
imperfections makes drug diversion, medication errors, 
errors of omission, medication contamination and inadvert 
ent needle sticks a constant companion to drug administra 
tion. Additionally, the process is exacerbated by emergency 
situations Which demand hurried set up and administration 
of drugs, With concurrently less time to pay attention to 
timely and accurate record keeping. 

Contemporarily, the problems related above are being 
addressed by approaches meant to improve drug delivery 
and control. These approaches comprise production and use 
of pre-packaged drug menus Which involve return to the 
pharmacy of each unused package to simplify and assure 
better control in drug accounting; making drug dispensing 
machines Which automatically dispense drugs and provide a 
record certain as drugs are removed therefrom; delivering 
drug “lock boxes” to a requesting physician, thereby putting 
direct responsibility for drug accounting upon the physician 
of record; and utilizing electronic recording devices 
Whereby documentation of drug delivery data is captured via 
electronic data acquisition devices, such as bar code readers 
or keyboards. All of these approaches, used alone or in 
combination, exhibit de?ciencies Which are Well knoWn in 
the drug dispensing and monitoring art. 

BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

In brief summary, this novel invention alleviates all of the 
knoWn problems related to drug administration. The present 
invention pertains to a system Which is used to assure proper 
identi?cation and administration of prescribed drugs, to 
control access to drugs and to record drug distribution 
activities. The invention also permits direct use of central 
ized pharmaceutical resources in preparing medications in 
clean (e.g. air hood) environments Where contamination is 
less likely, in producing standardized labeling and in pack 
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2 
aging drugs for distribution Within a medical facility. The 
invention is particularly Well adapted for use in handling 
prescription dose quantities rather than single-dose 
medication(s), thereby providing opportunity for reduced 
cost of drug handling. 
The present invention improves drug delivery and control 

by capturing all related data immediately upon administra 
tion of a drug through employment of an inventive auto 
matic drug infusion monitoring system. Elemental parts of 
the system comprise a scanning module, a syringe label 
cradle, a cassette tray and a receptacle. 
The scanning module employs bar code or other digital 

indicia scanners to read labels af?xed to the syringe label 
cradle. Information contained on the label comprises a code 
identifying a drug contained in an associated syringe, size of 
the syringe, syringe type, preparer of the drug, and any 
expiration data associated With the drug. The scanning 
module readers are also used to monitor syringe plunger 
movement as a drug is administered thus acquiring drug 
administration dynamics in real time. Scanning by the 
scanning module may comprise tWo scanners, one for read 
ing drug related codes and one for tracking advancement of 
an associated syringe plunger, thereby determining delivery 
rate and volume of administered drugs. 
Dynamic control and delivery of drugs permits use of 

pre-?lled syringes at the pharmacy and eliminates the need 
for unit dose sized medicants and the need for ?lling 
syringes by a bedside clinician. This approach yields cost 
ef?ciencies in both drug handling and clinician time. Pre 
?lling syringes by batch processing under sterile hoods 
reduces errors and nosocomial infections and alloWs quick 
and ef?cient response to clinical (emergency) situations. 
The syringe label cradle is a holder and positioner for a 

drug containing syringe. A syringe disposed in the cradle is 
preferably securely affixed thereto by an self-adhesing, 
pre-printed label. Presently preferable machine readable 
codes are bar codes. The syringe label cradle is instrumental 
in holding and positioning the syringe for drug administra 
tion as Well as providing access to the label. 

The cassette tray secures syringe containing syringe label 
cradles in place for transport and storage prior to, during and 
after use. The cassette tray has a lock Which remains locked 
by the system until opened by an authorized (properly 
identi?ed) clinician. Generally, the cassette tray is organized 
to hold syringe label cradles and their contents in a logically 
progressive array. In use, the cassette tray is aligned With an 
injection port most commonly connected to a patient 
connected needleless IV injection set. In any event, a clini 
cian advances the aligned syringe label cradle to a docked 
position for drug infusion after Which infusion is automati 
cally monitored and recorded. 
The receptacle comprises the injection port, generally 

referenced hereafter as an injection port module (IPM). The 
receptacle also comprises a scanner module, hard copy 
generator (printer) and a control module. The IPM secures 
an IV line in position to accept selected syringe label cradles 
for drug injection through the port. 
The scanner module reads data encoded on the label, 

secures the syringe label cradle in position for injection and 
tracks syringe plunger advancement. The printer is used to 
generate printouts of drug administration event chronology 
and other critical data either as they are recorded or after 
they have been stored for later printout. 
The control module holds syringes containing controlled 

drugs (such as a narcotic syringe) in an off-use holding site. 
The control module continuously monitors the syringes 
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While they remain in the holding position, thereby prevent 
ing drug diversion or other undesirable manipulations of 
narcotics or other control substances. Information transfer to 
a user is upgraded and enhanced by on-line printers and 
liquid crystal displays (LCD’s) available on the control 
module. Also a real-time interface is available for transmit 
ting and receiving electronic medical records, billings, or 
other standard depositories of hospital information. Further 
the real-time interface makes customiZed data bases such as 
pre-operative intervieW results, potential drug interactions, 
allergic reactions, physician pro?ling, outcome analysis 
available to a user at the control module. 

A natural bene?t of the instant invention is production of 
an drug administration audit trail. As Well, drug access is 
severely limited by locked, secured lids on cassette trays. 
The cassette trays assuredly thereby contain only original 
syringes and associated syringe label cradle’s (SLC’s) per 
mitting an accurate quality assurance to be maintained by 
pharmacy. Return of unused drugs under controlled condi 
tions alloWs a signi?cant reduction in drug Waste due to 
otherWise unWarranted disposition. 

Automatically poWered needle injection into IV set injec 
tion sites under protective cover provided by a shield 
associated With each SLC is a major factor in eliminating 
needle sticks Which could otherWise occur. Contamination is 
thereby minimiZed as Well. Additional patient protection is 
provided by data contained on a patient data card Which is 
an integral part of patient data management capability of the 
inventive combination. 

Accordingly, it is a primary object to provide a medical 
drug delivery and monitoring system having capability for 
automatically dispensing drugs to a patient, monitoring and 
recording drug rates and volumes in real time, and providing 
drug control and drug record security throughout a medical 
procedure. 

It is a fundamental object to provide method and appa 
ratus for safely and securely delivering drugs to a patient site 
for use in a controlled manner. 

It is another fundamental object to provide a Syringe 
Label Cradle (SLC) for securing a drug containing syringe 
in position for use and as an integral function thereof to 
provide an identifying label Which is automatically read to 
identify the syringe, its contents, preparer of the contents, 
critical drug data including expiration data and drug volume 
available in the syringe. 

It is another fundamental object to provide a cassette tray 
Which secures SLC’s in place for transport and storage, prior 
to, during and after use in drug infusion. 

It is yet another fundamental object to provide a recep 
tacle Which comprises an injection port module (IPM) 
through Which drugs are automatically injected into an IV 
line from a drug containing syringe. 

It is still another fundamental object to provide a scanner 
Within the receptacle Which tracks movement of each 
plunger of each syringe as it is driven to inject a drug into 
the IV line. 

It is an object to provide a printer for hard copy output of 
data acquired by the system, including, but not limited to, 
drug types, administered volumes, time of administration, 
and pertinent patient data. 

It is a further object to provide a control module Which 
comprises a keyboard and liquid crystal display (LCD) 
Which permits clinician access to patient and system status, 
Warnings, event chronology and other system and patient 
related parameters. 
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4 
It is an important object to provide a system Which 

sequentially utiliZes portions of drugs contained in syringes 
placed in the SLC’s thereby eliminating the necessity of 
prepackaging drugs in predetermined quantities, such as unit 
doses, and of preparing syringes at a patient site by a 
clinician, thereby making drug preparation more ef?cient, 
less prone to contamination and error and less expensive due 
to higher volume preparation at a central pharmaceutical 
site. 

These and other objects and features of the present 
invention Will be apparent from the detailed description 
taken With reference to accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective of a medication administering 
station. 

FIG. 2 is a perspective of the medication administration 
station of FIG. 1 shoWing a patient data card entry path. 

FIG. 3 is a perspective of a syringe disposed in a syringe 
label cradle (SLC). 

FIG. 3A is a side elevation of label siZes used for a 
plurality of differently siZed syringes, related height dimen 
sions to an injecting needle for each syringe siZe and relative 
siZes of label surfaces for the various syringe siZes. 

FIG. 3B is a schematic shoWing representations of over 
lays of labels seen in FIG. 3A. 

FIG. 4 is a perspective demonstrating a method of placing 
a syringe onto an SLC and protectively enclosing a syringe 
needle in a hood. 

FIG. 5 is a perspective shoWing label attachment to 
associated syringe and SLC. 

FIG. 5A is a schematic of a syringe and SLC With label 
attached. 

FIGS. 6 A, B, C and D shoW a sequence of steps used in 
preparing and disposing a syringe, SLC and label apparatus 
into an IV connecting receptacle. 

FIG. 7 is a perspective of a plurality of syringes disposed 
in a cassette tray for transport and use. 

FIG. 8 is a perspective of the tray of FIG. 7 shoWing 
addition of a scanner assembly and a lockable cover Which 
slides over the tray to secure the SLC’s located therein; 
addition of the scanner assembly to the tray forms a “smart 
tray.” 

FIG. 9 is a schematic representation of steps related to 
engaging an SLC and associated syringe into a tray and 
further into an IV injection port. 

FIG. 10 is a more detailed perspective of the SLC and 
associated syringe seen in FIG. 9 With parts removed for 
clarity of presentation. 

FIGS. 11 A, B, C, D and E are perspective representations 
of various methods of bar code and plunger displacement 
scanning of portions of the SLC. 

FIG. 12 is a use-?oW diagram shoWing multiple uses of a 
portable scanner module. 

FIG. 13 is a block diagram of the drug monitoring 
diagram of the instant invention. 

FIG. 14 is an in-line con?guration of a pair of line scan 
cameras. 

FIG. 15 is a layout of an area scan camera. 

FIG. 16 is a graphical representation of a syringe plunger 
position located by measured output of a scanning camera. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

In this description, the term proximal is used to indicate 
the segment of the device normally closest to the object of 
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the sentence describing its position. The term distal refers to 
the other end. Reference is noW made to the embodiments 
illustrated in FIGS. 1—16 Wherein like numerals are used to 
designate like parts throughout. 

Reference is noW made to FIG. 1 Wherein one embodi 
ment of an operating room medication administration moni 
toring system 10 is seen. System 10 comprises an intrave 
nous solution source 20 and an injection port module 30 
comprising an injection port 40. Apatient to Which source 20 
is ultimately connected through module 30 is not shoWn, but 
such connections to the patient are Well knoWn in the art. 

System 10 also comprises a plurality of syringes 50 Which 
reside in a tray 60. Tray 60 is commonly referenced as a 
smart tray due to an inherent ability of the tray to read labels 
and other machine readable indicia. A complete description 
of 60 tray operation is provided hereafter. Tray 60 comprises 
a scanner slot 70 for each syringe 50 position. System 10 
provides a pair of transverse slide mechanisms 80 Which 
dovetails With juxtaposed grooves 90 to permit each syringe 
50 and associated slot 70 to be disposed in alignment With 
injection port 40. 

The most proximal slot 70‘ is commonly dedicated to 
acting as a portable scanner and continuously monitors a 
syringe 50 placed thereat, except When the syringe 50 is 
advanced toWard port 40 for injection or removed from slot 
70‘. 

System 10 further comprises a scanning and recording 
module 99. Scanning and recording module 99 comprises a 
patient and procedure storage mechanism 100 for magneti 
cally or otherWise imprinting data upon a portable data card 
110 and a hard copy printer 120. Scanning and recording 
module 99 may be mounted upon a riser 130 upon Which 
system 10 is securely af?xed for ready and facile access and 
illuminated by a lamp 140. Associated With reader 100 is an 
operating panel 150 comprising a display (preferably a 
LCD) 160 and a keyboard entry pad 170 Which is used for 
system 10 control and data entry. An optional reader 180 
may be provided for scanning for entry of indicia found on 
supplies and other implements not otherWise recorded by 
system 10, but Which are important to device record keep 
ing. 

Reference is noW made to FIG. 2 Wherein a patient card 
190 is seen to be entered along a path indicated by arroW 191 
through slot 191‘ Whereby data is read for further use by 
system 10. Access to tray 60 and module 99 is secured by 
key and keylock 192 disclosed in more detain hereafter. 
Attention is draWn to double ended arroW 194 Which indi 
cates direction and position of movement of indicia to be 
scanned by optional reader 180. 
Akey process for using system 10 is preparing a drug or 

other medical ?uid bearing syringe for use. As may be seen 
in FIG. 3, a syringe 50 is disposed upon a syringe label 
cradle (SLC) 200 such that a needle 202 of the syringe is 
juxtaposed and in alignment With port 40. Port 40 is pref 
erably a needless input site to a patient IV set. SLC 200 
comprises a label holder, generally designated 204, a needle 
guard 206 and a slider 208 disposed beloW label holder 204. 
Slider 208 is designed to ride in the bottom of a slot 70 and 
thereby determine the height of SLC 200 (and therefore of 
syringe 50 relative to port 40. 
As height of needle 202 is dependent upon the cylindrical 

diameter of syringe 50 and port 40 is at a ?xed height 
relative to a ?xture Which holds syringe 50, the height of 
needle 202 is adjusted by the Width of label holder 204. A 
plurality of needle holders, designated 210, 212, 214, 216 
and 218, shoWing siZe variances for 20, 10, 5, 3 and 1 ml 
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6 
syringes, respectively are seen in FIG. 3A. Both lateral 
elevation and end-on vieWs of the needle holders are seen in 
FIG. 3A. In the end-on vieW, a constant port 40 height above 
each slider 208 is indicated by “+” signs. 

It is also desirable to arrange the Width of each label 
holder 204 such that one common label area is available for 
access by a scanning reader. Such overlap is seen in FIG. 3B. 
Note that When label holders are juxtaposed, an overlapping 
area 220 is commonly available for label placement. 

Reference is noW made to FIG. 4 Wherein SLC 200 is seen 
separated from syringe 50. SLC 200 is seen to comprise 
slider 208, label holder 204, needle guard 206, and a syringe 
cradle 222. As mentioned earlier, slider 208 is inferiorly 
disposed to ride in the bottom of a slot 70. The Width of label 
holder 204 determines height of syringe cradle 222 and 
therefore syringe 50 associated needle 202. Needle guard 
206 is disposed to shroud needle 202 When syringe 50 is 
properly disposed upon SLC 200. To form a syringe/SLC 
combination, syringe 50 is placed doWnWardly onto cradle 
222 and then slid toWard guard 206 until needle 202 is 
enclosed Within guard 206. 

To securely af?x syringe 50 to SLC 200, a label 224 is 
preferably adhesively applied as is best seen in FIG. 5. 
Generally syringe 50 is af?xed to SLC 200 by disposing 
syringe 50 onto cradle 222. Thereafter, label 224, prepared 
With an adhesive backing 225, is Wrapped about syringe 50 
and SLC 200. Label 224 may comprise a Wealth of man and 
machine readable information, but foremost among the 
information provided thereon are drug name and drug con 
centration disposed on the visible top of the label for easy 
vieWing by an operator and a bar code 226 (or other machine 
readable indicia) disposed in the overlapping area 220 Where 
labels are commonly scanned for automatic acquisition of 
label information. Also, detailed drug information, Which 
may include concentration, preparer, expiration date, 
expected siZe of syringe to be used and other pertinent drug 
delivery information, is commonly printed above the bar 
code. An example of such label information is seen in FIG. 
5A. 

Steps commonly used to prepare and initiate a drug 
infusion and monitoring sequence is seen in FIGS. 6A—D. 
As described earlier, initial steps include selecting an appro 
priately siZed SLC 200 for a predetermined drug containing 
syringe 50 and disposing the syringe onto cradle 222 of the 
SLC 200 by action described by arroW 228 in FIG. 6A. Next, 
label 224 is preferably af?xed to both syringe 50 and SLC 
200 by ?rst applying label 224 against the syringe 50 and 
SLC 200 in direction of arroWs 230 as seen in FIG. 6B. 
AfterWard, label 224 is Wrapped about syringe 50 and SLC 
200 to form an integral unit 231 as seen in FIG. 6C. 

Unit 231 is for monitoring during an injection, moved in 
a fashion described by dashed line and arroW 232 to insert 
slider 208 of SLC 200 into a slot 70“ of a scanner block 234 
associated With a patient IV insertion module 30 and in 
alignment With an injection port 40 as seen schematically in 
FIG. 6D. In this manner, unit 231 is readied and put in place 
for drug injection. 
Most often, slot 70“ of block 234 is also aligned With a 

slot 70 or 70‘ of tray 60 Which holds a plurality of units 231. 
Tray 60 is seen in FIG. 7. As seen in FIG. 7, tray 60 
accommodates syringes 50 of varied siZes and presents each 
needle 202 disposed in line With an associated slot 70 and at 
a constant height for alignment With slot 70“ and therefore 
port 40. Tray 60 comprises a pair of grooves 238 and 240 
Which are transversely disposed relative to the longitudinal 
direction of slots 70 and therefore syringes 50 disposed 
thereon. 
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Reference is noW made to FIG. 8 Which shows a scanner 
module 242 af?Xed to a tray 60 to form a “smart tray 243.” 
Scanner module 242 is similar in form and function to 
module 99, earlier described. Scanner module 242 is pref 
erably battery poWered and is used for constant monitoring 
of a controlled substance. Slot 70‘ is used for intermittent 
entry and use of syringes Which may contain controlled 
substances. For this reason, slot 70‘ is generally associated 
With SLC’s Which are loaded With syringes at or near a 
patient site. 

For transport, a cover 244 is provided to contain and 
secure loaded SLC’s placed for delivery to a patient site in 
tray 60. Cover 244 is generally “U” shaped and comprises 
inWardly bent Wings at the open end of the “U” Which slide 
along grooves 238 and 240 to position cover 244 over the 
loaded SLC’s. A lock pin 246, operated by key and keylock 
192 is outWardly disposed to pass through a hole (not 
shoWn) in a side 248 of cover 244 to securely af?X cover 244 
to tray 60. Unlocking of by key and keylock 192 WithdraWs 
lock pin 246 from the hole in side 248 permitting access to 
the loaded SLC’s. Lock status of pin 246 is detected by an 
associated microsWitch (not shoWn) located in scanner mod 
ule 242 to permit electrical monitoring of key and keylock 
operation. Lock pin 246 is also unlocked automatically 
under program control of system 10 as disclosed hereafter. 

A seen in FIG. 9, tray 60 is designed to hold multiple 
loaded SLC units 231 usually preloaded at a site remote 
from the patient for later injection. Multiple slots 70 in tray 
60 permits used SLC’s to be removed and replaced by 
freshly loaded SLC’s With the same or different drugs. An 
eXample of loading a fresh SLC unit 231 is indicated by 
dashed line 250 into a predetermined slot, specially desig 
nated 252. 

At the time of use of each SLC unit 231, tray 60 is 
displaced transversely until the needle 202 of selected SLC 
unit 231 is juxtaposed and aligned With port 40 and slider 
208 of SLC unit 231 in its slot 70 is likeWise aligned With 
slot 70“. (Slot 70“ is best seen in FIG. 6D.) Once selected 
SLC unit 231, such as SLC unit 254 in FIG. 9, is properly 
aligned, it is manually displaced to dispose slider 208 in slot 
70“. Needle 202 is inserted into port 40 and injection is 
carried out per appropriate medical procedures. Each slider 
208 comprises suf?cient length (not shoWn) to interlock slot 
70“ to slot 70 While the selected SLC unit 231 is disposed 
in slot 70“, thereby restricting movement of tray 60 until the 
selected SLC unit 231 is returned fully into slot 70. In an 
emergency tray, 60 may be removed to provide access for 
drug administration. Aplunger scanner, more fully described 
hereafter, is used to not that a non-SLC associated infusion 
has taken place. 

Generally scanner module 242 may be used indepen 
dently or in conjunction With tray 60 as seen in FIG. 12. 
Scanner module 242 may be mounted alone on a pole 260 
in one form of use. In another form a handle 262 may be 
attached to scanner module 242 providing a useful portable 
unit. Also, as earlier described, scanner module 242 may be 
joined With tray 60 to form a “smart tray 243.” Generally, the 
smart tray is used in conjunction With a complete system 10, 
as is also seen in FIG. 1. 

An important aspect of system operation is detector/ 
reading scanning operation of scanner module 242. As 
mentioned earlier a label 224 preferably comprising a read 
able bar code 226 is disposed upon slider 208. In one 
embodiment, scanner module 242 comprises a pair of scan 
ning devices. A ?rst scanning device 270 comprises an 
emitter-detector pair and is used to read bar codes as slider 
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208 is moved into and out of slot 70“. Electrical signals from 
device is transmitted to a microcontroller for processing as 
described in detail hereafter. 
A second scanning device 280 is used to monitor position 

of a plunger 282 associated With syringe 50 disposed in 
selected unit 231. Device 280 is seen to be a linear array 
detector, but other detectors may be used Within the scope of 
the invention. From label 224, information is provided to a 
system controller 300 (see FIG. 13) relative to syringe siZe 
Which permits a real-time determination of a volume of ?uid 
delivered or retrieved from a patient as syringe plunger 282 
is moved Within syringe 50. Ellipse 284 is representative of 
a lens used to focus an image of plunder 292 on device 280. 
Such optics and electronic circuits Which operate linear 
array detectors are Will knoWn in the art. 

A plurality of scanning devices and device arrangements 
are seen in FIGS. 11A—E. In FIG. 11A, the con?guration 
seen in FIG. 10 is repeated. In FIG. 11B, a pair of linear 
array devices 280 are displaced such that a device 280 is 
used to read bar code 226 While a second device one 280 
reads position of plunger 282. In FIG. 11C, a single linear 
array device 280 is used to scan and determine bar code 226 
values and plunger 282 position through a pair of optical 
lenses 284 and 284‘. 

FIG. 11D shoWs use of tWo emitter-detector pair devices 
270, one of Which is used to detect a bar code 226 as seen 
in FIG. 11A. The other device 270 is used in conjunction 
With a rotating mirror 286 to scan position of plunger 282. 
By continuously rotating mirror 286 in direction of arroW 
288, and using an angular transducer (not shoWn) for 
reference, position and movement of plunger 282 is moni 
tored. Still another bar code scanner and plunger position 
monitoring con?guration is seen in FIG. 11E. Bar code is 
scanned and read by an emitter-detector pair device 270 as 
disclosed in FIG. 11A, While plunger 282 position is deter 
mined from a linear transducer 290. Such a linear transducer 
290 is also readily available in the art. To linearly displace 
transducer 290, a rigid handle 292 is securely, but releasibly, 
af?Xed to plunger 282 on one end 294. Handle 292 is rigidly 
af?Xed to an elongated linear arm 296 associated With 
transducer 290 such that When plunder 282 is moved 
laterally, arm 296 is likeWise laterally moved in the direction 
of arroWs 288. As is Well knoWn in the transducer art, such 
movement is detected by transducer 290 and sent to the 
system controller. 
Ablock diagram of an electronic processor 300 for system 

10 is seen in FIG. 13. Processor 300 employs parts repre 
senting numerous technologies. While there are various 
parts Which may substitute for other parts, revieW of advan 
tages and disadvantages have resulted in selection of parts 
recommended for use herein. Even so, some alternatives are 
disclosed. 

Referring to FIG. 13, processor 300 is seen to comprise a 
central microcontroller 302, keypad 170, LCD (liquid crys 
tal display) 160, a magnetic card reader 303, a PCM/CIA slot 
304, printer 120, and a plurality of bar code reader and 
plunger tracking devices (generally denoted by 310). The 
bar code reader and plunder tracking devices may be one or 
more of the con?gurations seen in FIGS. 11A—E. A more 
detailed description of function and use of system controller 
300 is provided hereafter. 
As disclosed above, this novel invention involves control 

and monitoring of drug delivery in a clinical environment. 
Drug delivery typically begins at the pharmacy Where 
syringes are preferably pre-loaded With prescribed drugs. 
Preloaded syringes are then generally delivered to a clinician 
Who administers the drugs. 
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The ?rst step in the drug loading and preparation process 
involves matching a selected syringe 50 With an appropriate 
matching syringe label cradle (SLC). Apharmacist or other 
quali?ed profession (generally referenced by PH/QP 
hereafter) prepares drugs as prescribed. Usually the compli 
ment of delivered drugs are ordered according to a speci?c 
procedure (e.g. cardiac, general, orthopedic, etc.) FolloWing 
is an eXample of steps Which may be involved in preparing 
a tray 60: 

Step 1—The PH/QP notes the siZe of a selected syringe 50 
and selects a matching SLC 200 as disclosed above. 
Note that it is preferable to color code each SLC 200 for 
easy identi?cation. 

Step 2—Using a bar code imprinting machine, the PH/QP 
encodes a label 224 With information comprising drug 
type, syringe siZe, patient name, identi?cation of the 
PH/QP, etc. in a format standardiZed for system 10. 

Step 3—The selected syringe 50 is ?lled With the pre 
scribed drug and places syringe 50 on the matching 
SLC 200. As part on generally accepted practice, 
syringe 50 and cradle 200 are preferably placed into a 
protective hood While syringe 50 is being ?lled. 

Step 4—As necessary, the PH/QP removes adhesive back 
ing from printed label 224 and secures syringe 50 to 
SLC 200 by Wrapping label 224 over syringe 50 and 
SLC 200 as previously described. Note that label 224 
Which is disposed across the visible surface of syringe 
50 should be made of clear material so that the position 
of plunger 282 and volume of drug inside syringe 50 
may be seen by a using clinician. 

Step 5—The prepared SLC unit 231 is then slid into an 
appropriate slot 70 (docking channel) in a tray 60. Most 
often, the SLC’s are aligned in a sequential pattern such 
that each neXt used narcotic is located in the neXt 
available docking channel on tray 60 and a reversal 
agent is located in the last available docking channel. 

Steps 1 through 5 are repeated for all ordered drugs. 
Step 6—Tray 60 is secured by sliding cover 244 into place 

and extending lock pin 246 to a locked position using 
key and keylock 192. 

Step 7—Transporting tray 60 and its contents to the 
designated medical procedure site. 

An eXample of steps taken by the tray 60 receiving 
clinician at the site of the medical procedure is as folloWs: 

Step 1—Tray 60 is slideably loaded onto system 10 using 
grooves 238 and 240. Access to the drugs is gained by 
advancing the tray to a predetermined position relative 
to module 242 Whereat entry of an appropriate identi 
?cation code into the system controller magnetically 
releases lock pin 246. The identi?cation code my be 
entered via keyboard 170 or via a magnetic card being 
sWiped through magnetic card reading slot 191‘. All 
such events are stored for recall and audit trail purposes 
in microcontroller 302. 

Step 2—A patient identifying card is placed into PCM/ 
CIA slot 304 304 disposed in system 10. 

Step 3—NoW active and operable, system 10 provides the 
folloWing functions: 
a. A narcotic syringe is monitored from the time cover 
248 is removed, even While in the holding position. 
It is for this reason that slot 70‘, being adjacent to 
module 99 or 242, is dedicated to use by the narcotic 
syringe. 

b. Data obtained from the patient identifying card is 
automatically read and stored in microcontroller 302. 
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In addition, appropriate hospital data bases and 
available customiZed data bases are accessed for 
information regarding possible allergic reactions, 
contraindications, drug interactions, etc.). 

c. The operator interface comprising the liquid crystal 
display 160, keypad 170 and printer 120 are acti 
vated to provide system status, ?ash Warnings for 
drug interactions and other pre-programmed instruc 
tions to the operating clinician to accept and respond 
to clinician requests such a request to display chro 
nology of drug administration to the present time. 

d. Optical reader 180 is activated for entry of bar code 
data Which should be recorded in the course of the 
medical procedure. 

Referring to FIG. 10, the system 10 utiliZes a patient IV 
system comprising an IV bag and tube set 320 (usually a 
source of saline), an injection port 40, an associated ef?uent 
tube 330 from the set 320 and an in?uent tube 340 through 
Which ?uid is delivered to a patient. A patient IV insertion 
module 30 is used to contain the con?uence of tubes 330 and 
340 and port 40. A lid 350 of insertion module 30 is closed 
in direction of arroW 352 (see FIGS. 9 and 10) to secure port 
40 for needle 202 insertions. 

Drugs are administered to a patient through port 40 and 
in?uent tube 340 by the folloWing steps: 

Step 1—Selecting the SLC unit 231 having a desired 
drug. 

Step 2—Relative to orientation of slot 70“, transversely 
sliding tray 60 until slot 70 containing the selected SLC 
unit 231 is juxtaposed slot 70‘. 

Step 3—Advancing the selected SLC unit 231 into slot 
70“, at Which time label 224 is read providing drug 
identi?cation, syringe siZe/type, preparer and expira 
tion data to microcontroller 302. 

Step 4—Immediately thereafter, the current position of 
SLC unit 231 plunger 282 monitoring begins by acti 
vating a light source disposed Within module 242, and 
position and change of position of plunger 282 are 
detected thereafter automatically. 

Step 5—A message on LCD 160 provides veri?cation to 
the clinician that the SLC unit 231 is properly placed. 

Having read bar code data of a so-docked SLC unit 231, 
microcontroller 302 is programmed to check the name of the 
drug derived from bar code 226 for a check against possible 
problems/con?icts. If a problem is determined, an alarm 
noti?es the clinician. A Warning message on LCD 160 
speci?es the nature of the alarm. The problem can be 
addressed or overridden by the clinician (via keypad 170). 

Barring occurrence of dif?culties Which cannot be readily 
overcome, system 10 is ready for the clinician to advance 
plunger 282 to dispense the drug contained in the selected 
SLC unit 231 at a rate to a volume determined by the 
clinician. System 10 monitors rate and volume of the 
injected drug. Once the injection is complete, the selected 
SLC unit 231 may be returned to a holding position, 
preferably in its original slot 70. 

To complete an injection cycle, the clinician enters 
acknoWledgement of the event into microcontroller 302 via 
keypad 170. Microcontroller 302 calculates, and stores for 
future use, residual volumes of drugs unused/remaining in 
syringes to provide an audit trail comprising notations each 
last time each SLC unit 231 Was scanned While docked in 
scanning module 242. After ?nal administration of drugs 
from tray 60, cover 244 is reseated, locked in place and the 
tray containing all unused drugs is returned to the pharmacy. 
Unused drugs are disposed of according to protocol. 


















