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FIG. 1

(57) Abstract: An inventory system tracks the custody of medical items in a supply and consumption chain using RFID tags that en-
code medical item information specific to the medical items. Using data collected by RFID readers and other sensor devices disposed
at several locations within a medical facility, the loca tion of the medical items is tracked and the custody of the items is assigned to
various medical personnel based upon sensed movements of the medical items within the medical facility. The chain of custody be-
gins in the shipping/receiving department and proceeds to the supply room, to the medical procedure room, and ultimately to the pa-
tient to which the medical item is dispensed or for which the medical item is otherwise consumed. Throughout the chain of custody,
notifications are automatically generated and sent to the responsible medical facility personnel to provide prompts to take necessary
actions with regard to stocking, dispensing or using the medical items.
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SYSTEM FOR TRACKING UTILIZATION AND CONSUMPTION OF MEDICAL ITEMS IN A MEDICAL

FACILITY AND MAINTAINING A CHAIN OF CUSTODY BASED THEREON
Firep

{6001] This invention relates to the field of medical ttem inventory management. More
particularly, this invention relates to a system for sensing and recording items that are to be

consumed or have been consumed during a medical procedure.
BACKGROUND

{0002} The use of medical supplies and sterile medical devices in the provision of health care
services is one of the most significant expenses incurred by most health care facilities.
Depending upon the vature and complexity of the medical procedure being performed, a large
number of supply items may be used during a medical procedure and, given the priorities of
medical personnel involved 1n the procedure, the ability to track the supplies, gather data about
supply utilization and consumption, and record that data in a useable format can be especially
difficult.  While hospitals and other health care facilities may have sophisticated information
systerms related to supply inventory management and procedure-based supply requirements, sauch
systems are not able to provide consistent data analysis of supply utilization and optinuzation if

the usage data 1s pot recorded diigently.

{0003} In a typical hospital, there are multiple different information systers that are utilized for
managing supply inventory and for insuring that the proper supplies are provided for cach
medical procedure, such as a particular surgery. In the first instance, the hospital supply
department will typically have an inventory management system that tracks medical supply
inventory, wdentifics the location of that inventory and records inventory levels as supplics are
withdrawn for usage or replaced with new shipments of supplies or re-stocks from previously
withdrawn but unused supplies. This inventory management system typically tracks the location
of supplies 1 wultiple locations throughout the hospital.  In some hospitals, this mventory

process is still a manual process.

{0004] Another common type of information system in a typical hospital that interfaces with the

inventory management system is the Operating Room Information System (ORIS). The typical
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ORIS will provide functionality such as scheduling the operating rooms for procedures,
identifying the type of procedure to be performed, wdentifying the doctor performing the
procedure, identifying the assisting nurse(s}, and maintaining hsts of supplies, devices and
instruments (Bills of Matenials, or BOM’s) that should be provided for each procedure.
Typically, these BOM’s are specific to {1} the type of procedure being performed and (2} the
physician performing the procedure. These BOM's are often maintained in a form known as

Doctor Preference Cards,

{8005} It 1s cornmon {or the hospital inventory management system to interface with the ORIS in
order to tnsure that the right supplies, devices and instruments are in stock and available for the
upcoming scheduled medical procedures. Prior to each case, the BOM for a given procedure and

physician is used to pull the appropriate supplies, devices and instruments for that case.

{08306] During the case, supply, device and instrument utilization for the procedure should be
logged and unused items returned to inventory. When properly logged, usetul data about supply
utilization is captured and communicated to both the ORIS system and the tnventory
management system.  That data can subsequently be used to capture cost imformation for the
procedure, update the inventory systern, prompt necessary re-orders and, as the data for multiple
procedures and physicians is accumulated, to analyze supply cost and utilization information for

optimization of BOMs 1o reduce supply waste and identify supply cost savings opportunities,

10007} If accurate information about the consurnption of supplies, devices and 1nstruments 18 not
captured, then the ability to identify savings opportunities or to accurately bill for all consumed
supply items 1s lost. It 1s difficult 1o mnsure that this logging step is performed accurately and
consistently, since the medical personnel are primarily concerned with insuring the success of the
medical procedure.  Often, the medical personnel do not have time during the procedure to
raanually log information into a computer for used items that do vot include barcodes, or to scan
the barcodes of used items that have barcodes. As a result, much of the information winds up
being lost during the turnover of the medical procedure roowm from one case to another. Another
problem with tnaccurately recording usage information is the possibility of erroncously charging

for tlems that were not ysed, which can raise regulatory issues.
E o

16008} The use of RFID tags as part of the mnventory control system has potential to facilitate the

logging of the supply consumption more accurately and efficiently.
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SUMMARY

{0009] In one aspect, embodiments of the invention use Radio Frequency Identification (RFID)
tags to provide the following general functions: (1) identifying medical items or other resources
that enter a room or other space in a medical facility; (2) determining where those medical iterns
or other resources came from; and (3) determining whether those medical items or other

resources were consumed during a medical procedure performed in the room or space.

{0010} In preferred embodiments of the present nvention, each item pulled for use during a
particular medical procedure in accordance with the Bill of Materials (BOM) for the procedure
and the physician includes an RFID tag atfixed to the item or the ttem’s outer packaging., These
RFID tags contain appropriate inventory information regarding each item as maintained in the
inventory countrol systern and the Operating Room Information System (ORIS) or other
procedure room software systern.  Fach individual #tem that might be used can be tracked

through use of the RFID tags and appropriate RFID reader technology.

{8011} In preferred embodiments, each Operating Room (OR) or other medical procedure room
has a shielded eunclosure with multiple RFID antennas disposed inside. Preferably, a waste bin or
receptacle is disposed in the shielded enclosure. This shielded enciosure and an RFID reader
connected to the antonnmas may be convenicntly located near the location where the sterile
medical supplies are typically opened by the circulating nurse or other OR personnel responsible
for setting up the OR for cach procedure, such as near the OR back table. The RFID reader is
preferably configured so as to only sense RFID tags that are inside the enclosure and not to sense

RFID tags outside the enclosure.

{6012} Some preferred embodiments include a portal containing multiple RFID antennas
connected to an RFID reader for reading RFID tags on medial items that are passed through the
portal. The RFID reader connected to the portal antennas is preferably configured so as to only
seuse RFID tags that are iside the portal and not to semse RFID tags outside the portal.
Preferably, the portal is also conveniently located pear the location where the sterile medical
supplies are typically opened by the circulating murse or other personnel respounsible for setting
up the room for each procedure. The portal may also be located in areas where supplies are

stored outside the procedure room and at other transition locations in the medical facility.
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{0013} Once the packaging of a medical supply is opened, that item is considered “consumed”
because the packaging has been compromised and it cannot be re-stocked.  In preferred
embodiments, as the packaging of medical supply items having RFID tags are opened, the
packaging is dropped into the waste bin inside the shiclded euclosure and the reader reads the
RFID tags on that packaging. The RFID reader is connected to a data collection interface, such
as an ORIS computer termunal, a tablet computer or smart phone, and the consuruption

information for each ttem 1s logged.

10014 Thas systern provides an accurate way to track supply utilization that does pot reguire
additional data input steps from the OR personnel. Simply throwing the discarded packaging
into a waste bin, which 1s normal procedure, allows for the RFID tagged supplies to be registered

as consumed.

{0015} In a further preferred embodiment, a stock bin is provided. Prior to performance of a
medical procedure, all RFID-tagged medical supply items that were pulled from the supply room
or supply cabinet are placed in the stock bin, the stock bin is moved through the portal or is
placed inside the shielded enclosure, and the RFID reader reads the data from the RFID tags on
the packaging. In this ranner, pre-op data regarding items pulled for use according to a

particular BOM can be captured for a given case,
¥

{6016} Following the conclusion of the procedure, all RFID-tagged medical supply items that
have vot been opened, which are thus eligible for re-stocking, are placed into the stock bin, the
stock bin is moved through the portal or is placed inside the shielded enclosure, and the RFID
reader reads the data from the RFID tags on the packaging. In this manner, post-op data
regarding both consumption and non~consumption relative to a given BOM can be captured fora
given case. In some embodiments, the RFID reader is connected through a data interface mto the
ORIS system or the inventory mavagement system and the data regarding the von-consumed
items are captured. The process preferably associates medical items (and/or their manufacturer’s
ot number) and instrument trays to specific patients in the event of a recall or negative

occurrence that is determined post-case.

{38317} Once the pre-op data and post-op data are accurately collected, the data can be very
uschitl in mynad ways. Since consumption data s accurately determined through the sensing of

packaging in the waste bin, billing for medical items consumed in the case can be more
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accurately retlected on the patient’s bill, allowing the hospital to more accurately charge for the
procedure. If the stock bin option 1s jucladed, this ensures that items pulled for the procedure
that were detected in the pre-op scan, but were not consumed during the procedure are properly
returned to mventory. This process also digitally tracks the movement of cach item through
various transition locations in the medical facility. This makes it possible to wdentify excessive

handling of ttems and potential exposures to mfectious patients,

{0018} More sophisticated data analysis can lead to significant cost improvements, such as by

trending consuruption and von-consumption for raultiple procedures and doctors.

{8019} Some preferred embodiments provide an apparatus for tracking custody of medical ftems
in a supply and consumption chain, wherein each medical ttem has an RFID tag attached thereto
that encodes medical item information specific to the medical item. The medical items are
initially collected together as a shipment of medical items, and the shipment has a packing list
that has a shipment identifier that encodes shipment wdentification mformation specific to the
shipment. The apparatus includes first and second reading devices, first RFID antennas, a first
RFID reader, a medical facility inventory computer, and a medical item inventory database. The
first reading device 1s disposed m an area of a voedical facility at which the shiproent of the
medical items 18 received. The first reading device reads the shipment identifier associated with
the packing list and decodes the shipment identification 1oformation eucoded in the shipment
identifier. The first RFID antennas, which are disposed in a supply room in the medical facility,
recetve radio frequency signals emanated from the RFID tags attached to the medical tterms i
the shipment after the medical items have been brought into the supply room.  The radio
frequency signals contain the medical ttern information encoded in the RFID tags attached to the
medical tterns. The first RFID reader, which is associated with the supply room of the medical
facility and is clectrically connected to the first RFID antennas, decodes the medical item
information contamned i the radio frequency signals emaunated from the RFID tags attached to
the medical items. The second reading device, which is associated with the supply room of the
raedical faciity, reads the shipment 1dentifier associated with the packing list and decodes the
shipment identification information encoded in the shipment identifier. The medical faciity
inventory computer is programmed t© receive the shipment ideuntification information, the
medical item information, a first personnel identifier that identifies a person responsible for

recetving the shipment of medical items at the medical facility, a sccond personnel 1dentificr that
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identifies a person responsible for placement of the medical items into mmventory at the medical
facility, and a supply room wdentifier that identifies the supply roorn into which the medical items
are placed into inventory., The medical item inventory database associates the shipment
identification mformation with the first personnel identifier, the second personnel wdentifier, and
the supply room identifier. The medical facility inventory computer is programmed to
automatically generate one or both of a first message directed to the person responsible for
receiving the shipmwent of medical items at the medical facility and a second ruessage divecied to
the person responsible for placoment of the medical items into tnventory at the medical facility.
The generation of the first message is triggered by the shipment identification nformation
becoming associated with the first personnel identifier. The second message is triggered by the
shipment identification information becoming associated with the sccond personnel identifier.
The first and second messages prompt the person to whom they are directed to take some action

with regard to the shipraent of medical items.

10028} In some embodiments, the medical item inventory database maintains a chain of custody
of the medical erus in the shipment based on cross-referencing the shipment identification

information with the first personnel identifier and the second personnel identifier.

{6021} In some embodiments, the apparatus includes a supply room portal having a portal
opening and second RFID aptennas having ficlds of view directed to the portal opening. The
second RFID antennas receive radio frequency signals emanated from RFID tags attached to
medical items that pass through the portal based on the moedical tierns being picked for removal
from the supply room fo be used in a wedical procedure. A second RFID reader that is
clectrically connected to the second RFID antennas decodes the medical item information
contained in the radio frequency signals emanated from the RFID tags. The medical facility
inventory computer is programmed to automatically associate a third personnel wdentifier with
the medical item information contained n the radio frequency signals, where the third personnel
identifier identifics a person responsible for removal of the medical items from the supply room.
This association ts triggered by the RFID tags on the medical items o the shipment being

detected by the second RFID reader.
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{0022} In some cmbodiments, the medical ifem inventory database maintains the chain of
custody of the medical items 1o the shipment based on cross-referencing the medical ttem

information contained in the radio frequency signals with the third personnel identifier.

{0023] In some embodiments, the medical items that have been picked for use in a medical
procedure are placed in 4 transport container. The transport container includes an RFID tag that
encodes transport container identification information. I these embodiments, the RFID
antennas in the supply room portal receive a radio frequency signal emanated from the RFID tag
attached to the transport container as it passes through the portal, and the second RFID reader
decodes the transport container identification information. The medical factlity inventory
computer is programmed to automatically associate the transport container wdentification
information with the medical item information of the medical items disposed in the transport

container.

10024} In some embodiments, the apparatus includes a procedure room portal having a portal
opening and third RFID antennas having fields of view directed to the portal opening. The third
RFID antennas receive radio frequency signals emanated from RFID tags attached to medical
items that pass through the procedure room portal when the medical items are brought mto a
medical procedure room to be used in a medical procedure. A third RFID reader, which is
slectrically connected to the third RFID antennas, decodes the medical ttem information
contained i the radio frequency signals emanated from the RFID tags. The medical facility
inventory computer is programmed to autornatically associate a fourth personnel identifier with
the medical item information contained in the radio frequency signals, where the fourth
personnel identifier identifics a person responsible for the medical items while the medical itoms
are in the medical procedure room. This association is triggered by the RFID tags on the medical

items in the shipment being detected by the third RFID reader.

{0025] In some embodiments, the medical item inventory database maintains the chain of
custody of the medical items in the shipment based on cross-referencing the medical item

information contained in the radio frequency signals with the fourth personnel identifier.

{3026} In some embodiments, the apparatus includes a shielded enclosure disposed m the
medical procedure room. The shielded enclosure has an internal space for recetving wrappers of

medical items used during the medical procedure and is configured to attenuate radio frequency
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signals emanated from RFID tags disposed outside the shielded enclosure to levels that are
substantially undetectable within the ioternal space. Fourth RFID antenuas are disposed within
the internal space of the shielded enclosure. The fourth RFID antennas receive radio frequency
signals emanated from RFID tags attached to the wrappers disposed within the mternal space,
which signals contain the medical item information encoded in the RFID tags. A fourth RFID
reader, which 1s electrically connected to the fourth RFID antennas, decodes the medical ttem
information contaimed in the radio frequency signals emanated from the RFID tags attached to
the wrappers disposed within the internal space. The medical facility inventory computer is
programnmed to astomatically associate a paticot identifier with the medical item nforruation
contained in the radio frequency signals, where the patient identifier identifies a patient on which
the medical procedure was performed in the medical procedure room. This association is
triggered by the RFID tags of the medical items in the shipment being detected by the fourth

RFID reader.

10027} In some embodiments, the medical item inventory database maintains a chain of custody
of the medical items 1o the shipment based on cross-referencing the medical item wformation

contained in the fourth radio frequency signals with the patient wdentifier.

{6028} In some cmbodiments, the medical facility inventory computer is programmed to
automatically generate a fifth message directed to patient treatment personnel if the medical item
information indicates that the medical item s a DME medical item. The generation of the fifth
message s triggered by the medical iterm information contained in the radio froquency signals
becoming associated with the patient identifier. The fifth message prompts the patient treatment
personnel to perform one or more of the following actions: (1} disclose information to the patient
related to the proper use of the DME medical item; (2} input information to verify delivery of the
DME medical ttom to the patient; and (3} obtain the patient’s signature to acknowledge receipt of

the DME medical tem.

{3029] Some embodiments include a medical facility exit portal having a portal opening and
RFID antennas having fields of view directed to the portal opening. The RFID antennas receive
radio frequency signals emanated from RFID tags attached to DME medical items that pass
through the medical facility exit portal as the DME medical items exit the medical facility in the

custody of patients to which the DME medical items have been dispensed. An RFID reader
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decodes the medical item information contained in the radio freguency signals emanated from
the RFID tags attached to the DME medical stems. The medical facility wnventory computer is
programmed to automatically perform one or more of the following actions upon receipt of the
medical tem information contained in the radio frequency signals:
changing billing records for the patient to indicate that billing for a DME medical item has
changed from Medicare Part A, in which the medical facility pays for rental of the DME
medical item, to Medicare Part B, ju which the paticut or the patient’s insurance company
is billed for the DME medical item;
updating records in the medical itern nventory database to trausfer custody of the DME
medical item from the medical facility to the patient; and
sending notifications to one or more of the patient and medical personnel regarding follow-
up care for the patient while using the DME medial item, such notifications including one
or more of a recomumendation of a Medicare Part B healthcare provider and a prompt for

scheduling of follow-up appointments for the patient.

{6039} In some embodiments, the RFID antennas of the procedure room portal are operable to
not used or cousumed during the medical procedure and which pass through the procedure room
portal as medical ttems leave the medical procedure room to be returned to the supply room. The
medical facility inventory computer of these embodiments s programmed to autorvatically
associate a fifth personnel identifier with the medical item information contained in the radio
frequency signals, wherein the association is triggered by the RFID tags on the medical itoms
leaving the medical procedure room. The fifth personnel identifier identifies a person

responsible for the medical items until the medical tterns are returned to the supply room.

{8031} In some embodiments, the RFID antennas of the supply room portal are operable to
recetve radio frequency signals emanated from RFID tags attached to medical ilerns that were
1ot used or consumed during the medical procedure and which pass through the supply room
portal as the medical items reenter the supply room to be returned to stock. The medical facility
inventory computer of these embodiments is programmed to automatically disassociate the fifth
personnel wdentifier from the medical e information contained in the radio frequency signals,
wherein the disassociation 1s triggered by detection of the RFID tags on the medical items that

have been returned to the supply room.
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{3032} In another aspect, embodiments of the invention provide an apparatus for maintaining an
fnventory of medical items 1o a medical facility, wherein cach medical item has an RFID tag
attached thereto that encodes medical item information specific to the medical item. The
apparatus includes a shiclded enclosure comprising shielded walls, a shielded floor, and a
shielded cetling that collectively define an internal space for storing the medical ttems. A
shielded door 1s disposed in one of the shielded walls of the shielded enclosure and is operable to
allow personpel to enter and exit the internal space. A door lock controlier clectromically
controls a lock on the shielded door. One or more sensors associated with the shielded door
seuse an open state or closed state of the shiclded door. One or more storage bins in the mternal
space hold one or more medical items. RFID antennas in the internal space receive radio
frequency signals emanated from the RFID tags attached to the medical itoms in the storage bins.
The radio frequency signals contain the medical item information encoded in the RFIIDY tags
attached to the medical itoms, An RFID reader, which s clectrically connected to the RFID
antennas, performs scans to detect RFID tags within range of the RFID antennas and decodes the
medical item information contained in the radio frequency signals emanated from detected RFID
tags. Preferred erabodimnents include a computer programrued to discontinue scans by the RFID
reader if signals from the one or more sensors associated with the shielded door indicate that the
shielded door is 1 an open state. This prevents the RFID reader from detecting RFID tags that

are gutside the shielded enclosure.

{3033} In some embodiments, the computer is programmed to cause the door lock controller to
matittain the shielded door i a locked state while the RFID reader s performing a scan to detect

RFID tags.

{0034} In some embodiments, the computer i1s programmed to control the RFID reader to
perform an RFID system calibration procedure involving a known number of RFID tags attached

to medical ftems disposed n the shielded enclosure. The procedure includes:

{a) performing a scan of the RFID tags with the RFID reader set at a first transmitter power

tevel;

(b} the RFID reader detecting a first number of RFID tags attached to the medical items

disposed in the shielded enclosure;

{c) comparing the first mamber of RFID tags to the known number of RFID tags;

10
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{06035]

(a)

{e)

(B

if the first number of RFID tags is less than the known number of RFID tags, performing
a scan of the RFID tags with the RFID reader set at a second trausmitter power level that
is incrementally higher than the first tranamitter power level;

repeating steps (b) through (d) until the first number of RFID tags equals the known
number of RFID tags; and

operating the RFID reader at the second transmitter power level for ongoing mventory

maintenance purposes.

In some embodiments, the calibration procedure includes:

performing a scan of the RFID tags with the RFID reader set at a first receiver sensitivity
fevel:

the RFID reader detecting a first number of RFID tags attached to the medical items
disposed 1n the shielded enclosure;

comparing the first number of RFID tags to the kunown number of RFID tags;

if the first number of RFID tags is less than the known mamber of RFID tags, performing
a scan of the RFID tags with the RFID reader set at a second receiver sensitivity level
that s increvuentally higher than the first receiver scusitivity level;

repeating steps (b through (d) until the first number of RFID tags equals the known
number of RFID tags; and

operating the RFID reader at the second receiver sensitivity level for ougoing inventory

maintenance purposes.

Brivy DESCRIPTION OF THE DRAWINGS

{3036}

Other embodiments of the invention will become apparent by reference to the detatled

description in conjunction with the figures, wherein clements are not to scale s0 as to more

clearly

show the details, wherein like reference numbers udicate like elemeuts throughout the

several views, and wherein:

{8037}

FIG. 1 depicts a system for sensing and recording consumption of medical items during a

medical procedure according to an embodiment of the nvention;

11
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{0038] FIGS. 2A and 2B depict shiclded enclosures according to embodiments of the invention;

{0039} FIG. 3 depicts a method for sensing and recording consumption of medical items during a

medical procedure according to an cmbodiment of the invention;

16040} FIG. 4 depicts a method for programming RFID tags for use on medical terns according

to an embodiment of the invention;

{8041} FIGS. 5A-5C depict display screens displayed to a user of the system while performing

the method depicted in FIG. 4 according to an embodiment of the invention;

10042} FIG. 6 depicts a method for programming RFID tags for usc on storage bins used for

carrying medical items according to an emabodiment of the invention;

{6043} FIGS, 7TA-7C depict display screens displayed to a user of the system while performing

the method depicted in FIG. € according to an embodiment of the invention;

{3044} FIG. B depicts a method for reading RFID tags on medical items placed in the shielded

enclosure according to an embodiment of the invention;

18045} FIGS. 9A-9C depict display screens displayed to a user of the system while performing

the method depicted in FIG. 8 according to an embodiment of the invention;

{8046 FIG. 10 depicts a method for reading RFID tags on medical items passed through a portal

according to an embodiment of the invention;

80471 FIGS. 11A-11B depict display screens displayed to a user of the system while performing

the method depicied w FIG. 10 according to an erabodiment of the fnvention;

{6048} FIG. 12 depicts a method for searching for medical itoms having RFID tags that have

been scanned into the system according to an embodiment of the invention;

{00349] FIG. 13 depicts a method for searching for medical items and retrieving item data

according to an crnbodiment of the invention;

{6050] FIG. 14 depicts a method for system maintenance according to an cmbodiment of the

mvention;
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{6051} FIG. 15 depicts a display screen displayed to a user of the system while performing the

raethod depicted 1n FIG. 12 according to an embodiment of the mventiow;

10052] FIG. 16 depicts a display scrcen displaved to g user of the systern while performing the

method depicted in FIG. 13 according to an embodiment of the mvention;

{8053} FIG. 17 depicts a display screen displayed to a user of the system while performing the

method depicted in FIG. 14 according to an ermbodiment of the mvention;
8054} FIGS. 18A — 18F depict a portal according to an embodiment of the invention;

{8055] FIGS. 19 and 20 depict processes for sensing and recording utilization of medical
resources in the performaunce of a medical procedure i a wedical facility according to

embodiments of the invention;

{6036] FIGS. 21 and 22 depict processes for generating alerts based on utilization of medical
resources i the performance of a medical procedure i a medical facility according to

embodiments of the invention:

{8087} FIGS. 23, 24A, 248 and 25 depict a system for tracking medical items through various
transition points in a supply and consumption chain according to an cmbodiment of the

myvention;

{6058} FIG. 26 depicts an apparatus for maintaining an wnventory of medical items according to

an embodiment of the invention;

{6059] FIG. 27 depicts a computer system associated with a supply room door according to an

embodiment of the invention;

16060 FIGS. 28 and 29 depict cxemplary user interface screens generated by a RFID label

printer application according to an embodiment of the invention;

{8061} FIG. 30 depicts an exemplary printed RFID label according to an embodiment of the

mvention; and
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{6062] FIGS. 31 and 32 depict exemplary user interface screens generated by the RFID label

printer application according to an embodiment of the invention.

DETAILED DESCRIPTION

{0063} As the term 18 used herein, a “medical item” is an itom, material, substance, or piece of
durable medical equipment (BME) that 13 used or consumed during the performance of a roedical
procedure or that is dispensed to a patient to treat a medical condition or provide comfort to the
patient. For cxample, sponges, gloves and drapes are medical items. A surgical implant is
another example of a medical item. Kunee braces, negative pressure wound therapy uanits, blood
glucose monitors, and wheelchairs arc further exaroples of medical tems. Medical itoms
comprise a subset of “medical resources.” As the term is used herein, a “medical resource” is
any item, person, picce of equipment, or space involved in providing medical services for a
patient. For example, a gurney on which a patient Hes during a surgical procedure s a medical
resource. The doctor performing the procedure, the attending nurses, and the patient are also

medical resources. An operating room is a medical resource.

10064] As the term is used hercin, a “wrapper” cucompasses all manner of containers and
packaging, stertle or non-sterile, in which a medical itens is or has been enclosed. The term
“wrapper” also mcludes a label, hang tag, or other such device that may be attached to a medical
itemn without completely enclosing the item. The term “wrapper” further includes packaging for
a sterile-wrapped kit of medical items, such as a tray of mmplants and supplics for use m a
surgical procedure, wherein an RFID tag is attached to the tray. Generally, anything that may

function to associate an RFID tag with a medical item 18 encompassed by the term “wrapper.”

{0065] Fach medical item has a unigue item identifier encoded in a machine-readable code in an
RFID tag, a QR code, a bar code, or a combination thereof attached to the medical item or its
wrapper. In some embodiments, an RFID tag and 3 QR code are combined in a single label

applied to the medical ttem or ifs wrapper.

10066} In a preforred cmbodiment, cach wrapper includes an RFID tag atiached thereto or
embedded therein. Ultra High Frequency (UHF) passive RFID tags are preferred for this
application, as they may be interrogated from up to about 30 centimeters to about 30 feet away.

In preferred embodiments, each RFID tag s encoded with a unigue ftem identification number
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for the particular medical item associated with the wrapper. An item imformation database 52
associates each item identification number with itemi-specific information, such as the
manufacturer part number, ttem description, veador, cost, Latex content, expiration date, and
inventory location.  Additionally or alternatively, the RFID tag may be encoded with item-
specific information as set forth in Unigue Device Identification (UD!) standards set by the U.S.

Food and Drug Admimistration (FDA).

{6067] In some embodiments, item-specific information encoded in RFID tags on medical items
raay be used to generate alerts for medical personnel. For example, an alert may be geverated if
information encoded in an RFID tag indicates the presence of Latex in an item, and the patient is
allergic to Latex. Also, an alert may be generated if nformation encoded in an RFID tag
indicates that an items’s useful lifetime has expired or if the item is from a lot that has been

recalled by the mamufacturer,

10068} As the tern 18 used herein, a “portal” 18 any passageway, opening, aperture, window,
panel, wall, doorway, hallway, pathway, or aisle in or near which one or more RFID antennas are
mounted for sensing RFID tags that pass through or near the portal. A portal may also be a
handheld scanning device for reading RFID tags. Several portals roay be used to track the routes
of travel and locations of medical resources throughout a medical facility or a2 medical item

supplier facility.

{0069] As the term 1s used herein, a “scan” for RFID tags refers to operations performed by an
RFHD reader to transmit signals and recetve signals from RFID tags that are in range of the RFID

reader and its associated antenna(s).

{0070} In preferred cmbodiments, portals arc placed at “transition locations” within a medical
facility or a medical item supplier facility. Examples of transition locations include supply
rooms, supply cabinets, procedure rooms, waste containers, personnel break rooms, hallways,
shipment assembly areas, shipment loading docks, and points of entry wnito and exit from the

medical facility or a medical item supplier facility.

10071} As the term 1s used horein, a “shipment” of medical ttems comprises multiple medical
items, of the same type or different types, that are packaged together at a supplier location and

shipped to a location at which the medical items are consumed or dispensed. Generally, each

15



WO 2016/040593 PCT/US2015/049373

shipment includes a packing list that lists all of the medical items in the shipment. In preferred
embodiments, cach packing list has a unigue shipmeuot identifier that cncodes shipment
identification information that is specific to the shipment. The shipment identifier may be in the
form of an RFID tag, bar code, or other encoded identifier attached to, erubedded in, or printed

on the packing Hist.

{6072} Sensing and Logging Consumption of Medical Items During Medical Procedure

{6073} As shown in FIG. 1, a system 10 for sensing and logging consumption of medical erus
during a medical procedure includes a shielded enclosure 12 having a space 16 that is large
cuough to receive a waste bin 18, Disposed within the enclosure 12 are two RFID antennas 14a
and 14b, such as Laird 5 x 5 inch Mini Far Field antennas (model number S9025PLNF} having
left-hand circular polarization and operating n the 902-928 MHz frequency range. In an
alternative embodiment, a single larger Laird antenna is used. Oune of the antennas 14a is
preferably disposed at the top of the enclosure 12, with its ficld of view looking downward into
the space 16. The other RFID antenna 14b is preferably disposed at the bottom of the enclosure
12, with its ficld of view looking upward into the space 16, The RFID antennas [4a-14b are
electrically connected, such as via a coaxial cable, to a UHF RFID tag reader 28, In a preferre

embodiment, the RFID tag reader 28 is an Impinj® Speedway® model R420.

{0074] Preferred embodiments of the shielded enclosure 12 are shown in FIGS. 2A and 2B,
wherein the sidewalls are depicted as transparent. The enclosure 12 is preferably made from
8.080 inch thick sheet aluminum supported by 0.75 x 0.75 inch square aluminum tubing (0,125

thick}. The outside dimensions of the preferred ermbodiment are 23.5 x 22.0 x 40,75 inches.

{0075] As the term 1s used herein, “shiclded” means that the enclosure 12 s designed to prevent
the antennas 14a-14b from receiving RFID signals fromn RFID fags located outside the enclosure
12 at a signal-to-noise ratio high enough to trigger detection of those outside RFID tags.  For
purposes of this disclosure, “shielded” does not mean that absolutely all RF energy is blocked

from entering the enclosure, as this would require unnecessary levels of shielding.

{8076} In some embodiments, an opening 24 s provided in the top of the enclosure that is large
enough to receive wrappers or containers 20 from which medical tterns have been removed. The

opening 24 is preferably a 6.75 x 13.75 inch rectangle. An aluminum cover 25 is provided over
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the opening 24. The cover may be slanted as shown in FIG. 2ZA or more box-like as shown
FIG. 2B to prevent signals from escaping the enclosure 12, As shown in FIG. 2B, the enclosure
preferably includes an aluminum chute 23 around the opening 24, and an aluminmam shield 27
around the antenna 14a. These structures provide further attenuation of RFID signals originating
outside the enclosure 12 to prevent those signals from being detected by the antennas 14a-14b.
The waste bin 18 18 positioned below the opening 24 so that wrappers 20 deposited in the
opening 24 fall into the bin 18, In a preferred embodiment, a hinged door 26 large enough to
recetve the waste bin 18 is provided in a sidewall of the enclosure 12. The door 26 is preferably
29.5 % 39.25 inch, and 1oclades a haundle/lateh for securing the door in a closed position. The

enclosure 12 is considered to be shiclded when the door 26 1s closed.

{6377} In a preferred embodiment, the system 10 includes a portal 48 having an opening 49 at
icast large enough to receive the waste bin 18, The portal 48 is preferably equipped with four
RFH2 antennas 50a-504 having fields of view looking inward into the portal opening 49. The
RFID antennas S0a-50d arc electrically conncected, such as via coaxial cables, to ¢ UHF RFID
tag reader 46, In a preferred crbodiment, the RFID tag reader 46 is an Impinj® Speedway®
model R228. in some embodiments, the tag reader 46 and the tag reader 28 comprise a single

tag reader.

{0078] The waste bin 18, also referred to herein as a waste tote, is preferably a plastic contaiver
having an open top for receiving wrappers 20. In some embodiments, an RFID tag 22 encoded
with a unigue bin identification number is attached to the waste bin 18, The database 52
associates the bin identification number with a particular procedure room to which the waste bin
18 1s assigned. Alernatively, the RFID tag 22 may be encoded with mformation indicating the

procedure room to which the bin 18 1s assigned.

{0079] The RFID tag readers 28 and 46 are clecirically counected via a local area network
(LANY 42 to a medical ttem inventory computer 31, which may be a server computer, desktop
computer, laptop computer, tablet computer or other mobile computing device.  Alternatively,
the electrical connection between the RFID tag readers 28 and 46 and the computer 31 isvia a
Universal Serial Bus (USB) mterface. The computer 31 includes memory for storing and a
processor for executing instructions of a medical item inventory module 40. In preferred

embodiments, the medical tern nventory module 40 corupiles pre-op and post-op hists of itoms,
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compares the lists to detect discrepancics, gencrates alert messages upon detection of

discrepancies, and vpdates ioventory records based on actual item usage.

16080} In a preferred embodiment, an Operating Room Information System (ORIS) computer 30
is tn commuumication with the medical item inventory computer 31 via a communication network,
such as the LAN 42, The ORIS computer 30 1s also in communication with a hospital computer
systemi 32 via a communication network, such as the LAN 42, In preferred embodiments, the
hospital computer system 32 manages medical item inventories, procedure room scheduling,
patient records, insurance reimbursernent/payment {unctions, and admission/discharge/transter
{ADT) records. The hospital computer system 32 may also include or be connected 0 an
electronic data interchange server, such as a J.D. Edwards/Oracle server, that implements

electronic commerce fransactions between the hospital and medical item suppliers.

{3081] In some embodiments, the medical item jnventory module 40 is a software application
running on the computer 31, In alternative embodiments, the medical item mventory module 40
is executed by a remote computer {outside the OR). For example, the medical item nventory
module 40 may be implemented as “software-as-a-service” provided via the Internet by a

medical ttern inventory service provider.

{6082] With continwed refereuce to FIG. 1, a preferred embodiment of the system 10 includes a
stock bin 34, which may also be referred to herein as a transport bin, transport container, or stock
tote. As described in more detail below, the stock bin 34 1s used to transfer medical items 38 to
be used during a medical procedure from a stock room to the procedure room, and to transfer
unused medical tems 38 from the procedure room back to the stock room., In some
embodiments, an RFID tag 36 is attached to the stock bin 34 that is encoded with a unique bin
identification number. In some embodiments, the database 52 associates the bin identification
number with a particular procedure roorn or stock room to which the stock bin 34 is assigned.
Alternatively, the RFID tag 36 may be encoded with information indicating the procedure room

or stock room to which the stock bin 34 is assigned.

{6083] FIG. 3 depicts a preferred embodiment of 8 process 1080 for sensing and recording
consumption of medical items during a medical procedure using the system depicted in FIG. 1.
To begin the process, hospital personunel pick medical tterms from mventory stock to be used

during the medical procedure (step 102 wn FIG. 3}, For example, the needed items may be listed
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on a Bill of Materials {(BOM) for the particular type of procedure to be performed. In some
cases, the BOM also reflects the individual prefercuces of particular doctors. These types of
BOM’s may also be referred to as Doctor Preference Cards. The picked items are placed in the

stock bin 34 {0 be transferred to the OR.

{0084} In one embodiment, the stock bin 34 containing the picked tterms 38 1s placed i or passed
through the portal 48 outside the procedure room (step 104} and the RFID reader 46 reads the
RFID tags on the wrappers of the items 38 in the stock bin 34 (step 106). In some embodiments,
activation of the reader 28 is tnggered manually by a person in the procedure room using an

interface device (mouse, touchpad or keyboard) of the computer 31.

{0085] The item identification numbers read from the RFID tags in the portal 48 are transferred
to the medical ttem inventory computer 31 where the medical item inventory module 40
compiles a pre-op list of the items 38 in the stock bin 34 (step 108}, In a preferred embodiment,
the date/ime of the compilation of the list 18 recorded in the medical ttern fnventory cormputer
31, along with the identification number of the stock bin 34. Other information may be
associated with the pre-op list, such as procedure room number, doctor name, patient name,
patient age, patient weight, patient allergies, type of medical procedure, and case number. Once
the pre-op lst is compiled, the RFID reader 28 may be deactivated (step 109) and the stock bin

34 removed from the portal 48 (step 110},

{0086] Steps 104-110 of FIG. 3 are optional and are not mplemented in all embodiments of
process 100, I these steps are not performed, the BOM for the medical procedure may serve the

purpose of the pre-op item hst.

{0087} The ttems 38 are preferably removed from the bin 34 and arranged on a table m the
procedure room according to the doctor’s or attending nurse’s preference. As the items 38 are
used/consumed during the procedure (step 112), wrappers 20 removed from the items 38 are
dropped through the opening 24 1u the enclosure 12 where they are received into the waste bin
IS {step 114). When the wrappers 20 enter the enclosure 12, the RFID tags on the wrappers 20
are detected and read by the reader 28 (step 116). It will be appreciated that a waste bin 18 is not
absoiutely necessary for this process. However, the use of a waste bin 18 makes collection and

rernoval of the wrappers 20 easier,
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{0088} The item identification numbers read from the RFID tags in the enclosure 12 are
transferred to the wedical tem inventory coraputer 31 where the medical item mventory roodule
40 compiles a post-op used-item list of the wrappers 20 (step 118}, In a preferred embodiment,
the date/time that cach wrapper 20 was first detected 1s recorded in the list.  Also, the
identification number of the waste bin 18 (if any} and other information may be associated with
the post-op used-item list, such as procedure room number, doctor name, patient name, type of
raedical procedure, and case vumber. Once the post-op used-itemn hist is corupiled, the RFID
reader 28 is deactivated (step 119) so that it will not read any other tags when the door 26 is
opened to remove the wrappers 20 (step 120}, Deactivation of the reader 28 may be triggered by

opening the door 26 of the enclosure 12.

{6089} In an alternative embodiment, the waste bin 18 remains outside the shielded enclosure 12
during the procedure. As the tlems 38 are used/consumed during the procedure (step 112),
wrappers 20 removed from the items 38 are deposited in the waste bin 18. After completion of
the procedure, the waste bin 18 containing the wrappers 20 18 placed through the portal 48 (step
114}, and the reader 28 reads the RFID tags of the wrappers 20 (step 116). The post-op used-

item list 1s comptled as described in the previous embodiment {(step 118}

{3090} In some embodiments, after completion of the medical procedure, all unused items 38 are
placed back into the stock bin 34, and the stock bin 34 is passed through the portal 48 (step 122},
The reader 46 reads the RFID tags of the unused items 38 (step 124), and a post-op unused-item
iist 1s comptled (step 126). The identification number of the stock bin 34 and other intormation
may be associated with the post-op vnused-item list, such as procedure room number, doctor

name, patient name, type of medical procedure, and case number.

10091] Steps 122-126 of FIG. 3 arc optional and are not implemented 1o all embodiments of
process 100. I these steps are not performed, the post-op unused-itern list maay be generated by

comparing the BOM to the post-op used itemn list.

18092 Various embodiments of the invention use the pre-op and post-op item lists to implement
various advantageous wnventory and billing functions. For exaruple, the medical item mventory
module 40 may compare the items listed in the pre-op list to the iters listed in the post-op used-
itemn list and the post-op unused-item hist (step 128). If an item in the pre-op hist does not appear

on either of the post-op lists (step 130}, this means the item was brought into the procedure room
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but neither the item nor its wrapper ended up in the stock bin or the waste bin after the
procedure. In this case, an alert 1s generated that causes a message (o appear on a display screen
of the ORIS computer 30 or the medical item inventory computer 31 (step 132}, The alert should
prompt the procedure room personnel to wvestigate three possibilitics that may have caused the
discrepancy: {1} the item is unused and still in the procedure room but was inadvertently not
placed back mto the stock bin before the post-op unused-item list was compiled, (2) the itom was
used and its wrapper s still in the procedure roowm but the wrapper was madvertently not placed
in the waste bin before the post-op used-item list was compiled, or (3) the item and/or its empty
wrapper was removed from the procedure room prior Lo corapilation of either of the post-op lisis,
{n any event, the missing item(s) or wrapper(s} should be located and the pre-op and post-op lists

reconciled (step 134),

16093} If the comparison of the pre-op and post-op item lists indicates that an item that appears
on either of the post-op lists is not on the pre-op list (step 136}, this means that the iftem or s
wrapper was present in the procedure room when the post-op lists were compiled, but it was (1)
not brought into the procedure room 1n the stock bin with the other items, or (2) brought into the
procedure room in the stock bin but was removed from the stock bin prior to compilation of the
pre-op list. In this case, an alert 1s generated which causes a message to appear on a display
screen of the computer 31 (step 138). The alert should prompt the procedure room personnel to
investigate what may have caused the discrepancy and reconcile the pre-op and posi-op lists

{step 140).

{6094] In a preferred embodiment, once the post-op lists are complete and reconciled, the
computer 31, the ORIS computer 30, or the hospital computer system 32 uses the lists to update
the database 52 based on actual iteny usage (step 1423, The hospital computer system 32 or the
ORIS computer 30 also may use the post-op used-item list to accurately bill the patient {or
insurance corapany) for the iters used during the procedure (step 146). The stock bin 34 may be
returned to the appropriate inventory stock room where the unused items 38 may be returned to

fnventory {(step 144),

10095} In preforred embodiments, the hospital computer system 32 or the Medical Hem
Inventory Application 40 analyzes the post-op unused-item lists generated during multiple

procedurcs of the same type and for the same doctor to determune trends in the lack of usage of
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certain medical iterns that are listed on BOM’s (step 146). This trend data may be used to revise
the BOM’s for certain procedures/doctors. For example, if the trend data wndicates that in 90%
of hip replacement surgeries performed by Dr. Jones only three sponges of a particular type are
used out of the five called for on the BOM, the BOM may be revised to call for only three
sponges. Revisions of this sort would reduce the effort/cost associated with returning unused
itemns to the stock room, and would decrease traffic in and out of the procedure room during a
procedure which would decrease the chances of a site infection. Trend data may also be used to

determine the optimal locations to store medical supplies and the optimal quantities to store.

8096} FIG. 4 depicts an embodiment of a method 150 for programming RFID tags for medical
items.  While running the medical item inventory application, the user selects the “Program
Tags” tab on the example display screen depicted in FIG. SA (step 152). If the user does not
know the item number of the medical item for which a tag 1s to be programuned (step 154), the
user may select the “Secarch” button {step 156). This causes the application to display an items
iist (step 158) from which the user selects the ttern (step 160). The wvser then enters the lot
number and expiration date (step 162) and selects the “Cuery Available Tags” bution {step 166).
This activates the RFID reader/writer to detect and display a number of tags that are available for
programuniog (step 168}, In the example of FIG. 5B, the RFID reader/writer detected fifteen tags
available for programming. Before programming the tags with item information, the user has an
opportunity to edit the vern information (step 170). I the item nformation is complete and
accurate, the user selects the “Confirm and Program” button {(step 1723 This causes the RFID
reader/writer to program the available RFID tags with the item information (step 174). The
number of tags that are successfully programmed are indicated as “Number of Successtul
Writes” as shown in FIG. 53C {(step 176). The user then selects the “Continue” bution (step 178),
which causes the application to associate the newly programmed tags with the ttems number in

the database 52 (step 180}

{6097} FIG. 6 depicts an embodiment of a method 190 for programming RFID tags for bins or
totes, such as the waste bin IR or the storage bin 34, Whule ronning the medical ttern mventory
application, the user selects the “Program Totes” tab on the example display screen depicted in
FIG. 6A (step 192). The user then enters the item number for the tote (step 194} and selects the
“Query Available Tags” button {step 196). This activates the RFID reader/writer to detect the

number of tags that are available for programming (step 198) and display the avaiable number
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on the display device (step 200). In the example of FIG. 7B, the RFID reader/writer detected
three tags available for programoming. If the user wishes to proceed with the prograromng
process, the user selects the “Confirmy and Program” button (step 204). This causes the RFID
reader/writer to program the available RFID tags with the tote information {(step 206} The
number of tags that are successtully programmed are indicated as “Number of Successful
Writes” as shown in FIG. 7C (step 176). The user then selects the “Continue” button (step 208},
which causes the application to associate the newly programmed tags with non-consumable totes

in the database 52 (step 210}. The programmed tags arc then attached to the totes (step 212},

{0098} FIG. § depicts an embodiment of a method 220 for reading RFID tags on ttems dropped
into the shielded cuclosure 12, While runming the medical item tnventory application, the user
selects the “Dynamic Scan” tab on the example display screen depicted in FIG. 9A and selects
the scan type, such as “Intra~-Op” from the dropdown list {(step 222). When the uscr sclects the
“Hegin Scan” button {(step 224), the RFID tag reader 28 is activated and begins reading the tags
of any ttems or ttern wrappers dropped nto the enclosure 12 (step 226).  As shown in FI1G. 9B,
information regarding all tagged items detected by the RFID tag reader s displayed on the
display device (step 228). In this example, three tagged items or item wrappers were detected:
{1} item 5-2711 Scalpel Stainless..., (2} item TOTE, and (3) ttem 712542 Drape Hand 114 x....
if at some point during the medical procedure the waste bin within the enclosure needs to be
emptied, the user selects the “Pause Scan” button i FIG. 9B (step 232), which causes the
application to stop the RFID tag reader and display *“Paused” on the sereen as shown in FIG. 9C
{step 234). After the full bin has been replaced with an empty bin in the enclosure (step 236), the
user selects the “Continue” button (step 238}, which causes the RFID tag reader 28 to resume
reading the tags of any additional items or temn wrappers dropped into the enclosure 12 {(step
226). Wheu the medical procedure is complete and no more wrappers are to be dropped 1uto the
enclosure 12 {step 240), the user selects the “Stop Scan” button (step 242}, which causes the
RFID tag reader 28 o cease detecting RFID tags in the enclosure (step 246). The user then
selects the “Write Scans” button (step 250} at which point the application stores in the database
52 all the item mformation regarding items or item wrappers that were placed into the enclosure

during the medical procedure {step 252).

{3099} FIG. 10 depicts an embodiment of a method 260 for reading RFID tags on items passed

through the portal 48, While running the medical tlern mnventory application, the user selects the

23



WO 2016/040593 PCT/US2015/049373

“Static Scan” tab (step 262) on the example display screen depicted in FIG. 11 A and selects the
scan type, such as “OR Pre-Op” from the dropdown hist {step 264). The user then enters the case
number for the medical procedure (step 266) and selects the “Scan” button {step 268}, The
application then activates the RFID tag reader 28, which begins reading the tags of any tems or
itemn wrappers within the field of view the antennas in the portal opening 49 (step 270). When
the user pushes a tote containing RFID-tagged uerns through the portal opening 49 (step 2723,
the RFID tag reader 46 reads the tags of the items i the tote and the application displays a list of
the items on the display device as shown in FIG. 11B {step 274}, The usecr then sclects the
“Write Scans” button (step 278) at which point the application stores wn the database 52 all the

item information regarding items that were passed through the portal (step 280).

HEH T FiG;. 12 depicts an embodiment of a method 290 for viewing listings of items
whose RFID tags have been read and entered into the database 52, While running the medical
item inventory application, the user selects the “View Scans” tab {step 292} on the example
display screen as depicted in FIG. 15 and chooses to search by item, by case number or by
Electrome Product Code (EPC) (step 294). As will be appreciated by one skilled 1u the art, the
EPC is a unique number that identifies a specific ttem in the supply chain. When the user enters
the search criteria (such as CASE123) in the text box (step 296} and selects the “Search”™ button
{step 298}, the application retrieves item information from the database 52 regarding all ttems
scanned n association with CASE123 and displays a list of the item information on the display

device as shown in FIG. 15 {step 300).

{60101} FiG. 13 depicts an embodiment of a method 310 for viewing listings of items
having information stored the database 52, While running the medical tem nventory
application, the user selects the “ltems” tab (step 312} on the example display screen as depicted
in FIG. 16 and enters an item number or item keywords in the search text box (step 314}, When
the user selects the “Search” button (step 316), the application retricves item wnformation
regarding all items in the database 52 and displays a list of the item information on the display
device as shown w FIG. 16 (step 318). If the list indicates that RFID tags have not yet been
programmed for an item (step 328}, the user may select the “Program™ button (step 322} which

will cause the application to display the “Program Tags” tab (step 324},
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{60102] FiG. 14 depicts an embodiment of a method 330 for performing maintenance
tasks related to the database 52 and the LAN 42, While running the medical item wmventory
application, the user selects the “Maintenance” tab {step 332} on the example display screen as
depicted in FIG. 17 and enters the notwork address of the database 52 (step 334). The user may
then select the “Test” button to test the connection to the database 52 {(step 336). If the test
indicates a successtul conmection, the user may sclect the “Save” button to store the database
address wformation (step 340). The “Maiutenance” tab also allows the user to test the network
connection to the RFID tag reader(s) by entering the IP address in the address box (step 342} and
selecting the “Test” buttou (step 344). I the test indicates a successtul connection, the user may

select the “Save” button to store the IP address information (step 348},

{6G103] Tracking Utilization of Medical Resources in Medical Facility

{33104 Various embodiments described herein provide systems for sensing RFID tags
attached to various medical resources at various transition locations throughout a medical
facility, for tracking routes of movement of the medical resources based on the sensing of the
RFID tags, for detecting relationships between medical resources based on sensing their RFID
tags at the same transition locations during overlapping time periods, for analyzing utilization of
the medical resources, and for developing utilization profiles. For example, FIG. 19 depicts an
embodiment of a process 400 for analyzing the utilization of two different wedical resources
based on sensing (or not sensing} their RFID tags at two different transition locations within a
medical facility, The process 400 mvolves attaching RFID tags to medical resources {step 402),
disposing RFI-sensing portals at various transition locations within the medical facility (step
404), reading medical resource information from the RFID tags using the portals (step 406 and
412}, and decoding the medical resource information to identify the medical resources (step 408
and 414) and determine various characteristics of the resources as described in more detail

bhelow,

{06105] For example, with continoed reference to FIG. 19, a first medical resource 18
detected at a first transition location at a time T1 (step 410) and at a second transition location at
a time T2 (step 416). Based on these detections, the systerm determines that the first medical

resource travelled from the first transition location to the second transiiion location between

25



WO 2016/040593 PCT/US2015/049373

times T1 and T2 (step 418). Based on this route of travel and the times of detection, the system

creates a utilization profile for the first medical resource (step 420},

{06106] A second medical resource 1s detected at the first transition location at a time T3
(step 422}, which may be less than, greater than, or equal to time T1. The second medical
resource 18 again detected at the first transition location at a time T4 (step 426), which 18 occurs
after time T3 (T4 > T3). There is no detection of the second medical resource at the second
transition location between times T3 and T4 (step 424). Based on these detections, the system
determines that the second medical resource travelled from the first transition location back to
the first transition location between times T3 and T4, and did not travel to the second transition
location (step 428). Based on this route of travel and the times of detection, the system creates a

utilization profile for the second medical resource (step 430},

{60107} In the example of FIG. 19, the first transition location may be an entrance/exit
door of a medical procedure room PRI within a medical facility, the second transition location
may be a waste container WCI within the wedical procedure room PRI, the first medical
resource may be a first medical item that was picked to be used during a medical procedure MP1
in the procedure room PRI, and the second medical resource may be a second medical item that
was picked to be used during the same medical procedure MP1 in the procedure room PRI
Based on the detections described above, the systewn determunes that the fivst roedical dem
entered the medical procedure room PRI (first transition location) at time T1, and it or its
wrapper was deposited in the waste container WCI (sccond transition location} at time T2,
Based on this route of travel, the system creates a utilization profile indicating that the first
medical ttom was used or consumed during the medical procedure MPL.  Also based on the
detections described above, the system determines that the second medical item entered the
medical procedure room PRI (first transition location} at time T3, exited the medical procedure
room PRI (first trapsition location) at time T4, and was not deposited in the waste container
WL (second transition location). Based on this route of travel, the system creates a utilization
profile jndicating that the second medical iem was brought into the medical procedure room

PRI, but was not used during the medical procedure MP1.

{00108] FIG. 20 depicts an embodiment of a process 440 for analyzing the utilization of

three different medical resources based on their RFID tags being sensed {or not sensed) at two

26



WO 2016/040593 PCT/US2015/049373

different transition locations within a medical facility. The process 448 involves reading medical
resource mformation from RFID tags attached to three medical resources — a first medical item, a
doctor, and a patient — using portals at the entrance/exit of a procedure room PR1 and on a waste
comtainer WCI (step 442 and 448), and decoding the medical resource mformation to identify
the medical resources {(step 444 and 450} and determine various characteristics of the resources.
As in the previous example, the system determines that the first medical item entered the medical
procedure room PRI at tivae T1, and it or ifs wrapper was deposited in the waste container W1
at time T2 {step 454). Based on this route of travel, the system creates a utilization profile

indicating that the first woedical item was used during the medical procedure MP1 (step 456).

160199] With continued reference to FIG. 20, the systewn detects the doctor D1 entering
the medical procedure room PRI at time T3 which may be less than, greater than, or equal to
time T1 (step 458). The doctor D1 s detected leaving the medical procedure roorn PRI at time
T4 which 1s greater than T1 and T3 (step 468). Based on this route of travel, the system creates a
uitlization profile indicating that the doctor D1 was involved in a medical procedure MP1 in the
procedure roomn PRI between times T3 and T4 (step 464). In preferred embodiments, the
utilization profile for the doctor D1 indicates that the first medical item was consumed or used
during a medical procedure MP1 performed by the doctor I, Io some embodiments, the
uttlization profile for the first medical item also indicates that the first medical item was

consumed or used during a medical procedure MP1 performed by the particular doctor DL

{60110} With continued reference to FIG. 20, the systern detects the patient P1 cntering
the medical procedure room PRI at time T5 which may be less than, greater than, or equal to
time T1 (step 466). The patient P1 18 detected leaving the medical procedure roorn PRI at time
T6 that is greater than T1 and T5 {step 468). Based on this route of travel, the system creates a
utilization profile indicating that the patient P1 was involved in a medical procedure MP1 in the
procedure roomn PRI between times T35 and T6 (step 470). In preferred embodiments, the
utilization profile for the patient P1 also indicates that the first medical item was consumed or
used during the medical procedure MP1 performed on the patient P1 by the particular doctor D1
In some embodiments, the utilization profile for the first medical ttem also mdicates that the first
medical ttem was consurned or used during the medical procedure MP1 performed on the

particular patient Pl.  In some embodiments, the utilization profile for the doctor Il also
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indicates that the first medical item was consumed or used during the medical procedure MP1

performed ou the particular patient P1.

{06111] Generating Alerts Based on Utilization of Medical Resources in Medical Facility
{00112} FIG. 21 depicts a preferred embodiment of a process 480 for generating an alert

based on wtilization of medical resources in the performance of a medical procedure in a medical
facility. This process 480 analyzes the uithization of two different medical resources based on
sensing thetr RFID tags at the same transition location within the medical facility., The process
480 involves reading medical resource mformation from RFID tags attached to the two medical
resources — a first medical tew and a paticnt Pl — using portals at the entrance/exit of a
procedure room PRI (step 482}, and decoding the medical resource information to identify the
medical resources (step 484) and to determmine various characteristics of the resources.  For
example, the medical resource information decoded at step 484 may indicate whether the first
medical ifem contains a potential allergenic, such as Latex, and whether the patient P1 is allergic
to any drugs or substances, such as Latex. Using the decoded information, the system detects
that the first medical ttem entered the medical procedure room PRI (step 486) at a certain time
and that the patient P1 entered the medical procedure room PRI at a certain time (step 4923, If
the first medical item contains a substance to which the patient Pl is allergic, and the first
raedical tern and the patient P1 are 1n the procedure room PRI simultancously (steps 488, 494
and 496), the system generates an alert informing personnel in the procedure room PRI of the
potential for a harmful allergic reaction (step 498).  This alert may be audible (siren) and visible
{strobe lights} in the procedure room, and it may be sent via electronic messaging to other
personnel within the medical facility to give notice of the sttuation. In preferred embodiments,

the occurrence of such an event is also reflected in the utilization profile of the patient P1.

100113] In sowe ewbodioents, the system generates a potential allergic reaction alert if ap
RFID reader portal at the doorway of a supply room detects a medical item leaving the supply
room that was picked for use during a medical procedure involving a patient that is allergic to a
substance in the medical item. This detection could also be made by any RFID reader portal at

any transition location between the supply room and the medical procedure room.

100114] FIG. 22 depicts a preferred embodiment of another process 500 for generating an

alert based on utilization of medical resources in the performance of a medical procedure tn a

28



WO 2016/040593 PCT/US2015/049373

medical facility, This process 500 analyzes the utilization of two different medical resources
based on sensing their RFID tags at the same transition location within the medical facility. The
process 500 involves reading medical resource information from RFID tags attached to the two
medical resources — 4 first medical itom and a patient P1 — using portals at the entrance/exit of a
procedure room PR1 (step 502), and decoding the medical resource information to identify the
medical resources (step 504) and to determine various charactenistics of the resources, For
example, the medical resource 1nformation decoded at step 504 wmay indicate that the patient P1
is infected with a highly infectious contagion, such as Methicillin-resistant Staphylococcus
aurcus {MRSA), Using the decoded mformation, the system detects that the first medical item
entered the medical procedure room PRI (step 506) at time T1 and that the patient P1 entered the
medical procedure room PRI at a certain time {(step 514). The systern later detects that the first
medical item has exited the medical procedure room PRY (step 508) at time T2, If the first
medical ttern was not deposited 1n a hazardous waste container prior to leaving the procedure
room PRI, and the first medical item and the patient P were in the procedure room PRI
stimultaneously, and the patient P1 is infected with a contagion such as MRSA (steps 510, 516,
S1R}, the system geuverates an alert informing personuel 1 the procedure room PRI of a potential
for spread of a highly infectious contagion duc to possible contact with the first medical item
{step 520). This alert way be andible (siven) and visible (strobe lights) 1u the procedure room,
and it may be sent via clectronic messaging to other personnel within the medical facility to give
notice of the situation. In preferred embodiments, the occurrence of such an event 1s also
reflected in the utilization profile of the first medical item. In some situations, the determination
that the patient 1s infected (step 516) may be made after the procedure is complete and the pationt
has left the procedure room. In such situations, the system will generate the alert (step 520} after
information indicating the patient’s infection 18 entered into the patient’s record (the medical

resource wtormation for the patient.)

{06115 Tracking Custody of Medical Items in Supply and Consumpiion Chain
100116} FIGS. 23-25 depict a system for tracking medical items through various transition

points in a supply and consumption chain. Unless otherwise defined herein, the term “supplier”
generally refers to a medical ttern manufacturer or distributor or any other entity that ships
medical items to a medical facility to be put into inventory. As shown in FIG. 23, each shipment

54 of medical items 38 from a supplier typically includes a packing list 56 that has a umque
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shipment 1dentifier 58 encoded in an RFID tag and/or a bar code attached to the packing list or
attached to a container in which the wedical items 38 are shipped. Upon packing of wedical
items 38 at a supplier facility for shipment {first trapsition point), a unigue itew identifier 39
encoded m an RFID tag and/or a bar code attached to cach packed medical ttern 38 and the
unique shipment identifier 58 are read by one or more reading devices 59 at the supplier facility
and are cross-referenced n a supplier inventory database 60. In preferred embodimuents, the
reading devices 59 may include one or more RFID tag readers and their associated antennas and
onc or more bar code readers. The one or more reading devices 59 may also read the unigue
personne] identifier 55 of the person responsible for the shipment of medical ilerns at the suppher
facility, which identifier may be encoded in the person’s ID badge 57. In a preferred
embodiment, the unique shipment identifier 38 is also cross-referenced in the supplier inventory
database 60 with the unique personuel identifier 55. As the term is used herein, a “supplier
facility” 1s any location at which the medical items are disposed prior to shipment to the medical

facility, such as a manufacturer facility or a distributor facility.

{60117] Upon receipt of the shipraent 34 of wedical tterns at the medical faciity (second
transition point}, the unique shipment identifier 58 of the packing list 56 is read and decoded by
one or more reading devices 62, and the unique shipment wdentifier 13 stored 1u the roedical
facility inventory database 52 in association with a unigue personnel identifier 65 of the person
responsible for receiving the shiproent of wedical ftoms at the medical factity, In preferred
embodiments, the one or more reading devices 62 may include one or more RFID tag readers
and their associated antennas and one or more bar code readers. The one or more reading
devices 62 may also read the unigue personnel identifier 65 of the person responsible for
recetving the shipment of medical items at the medical facility, which identificr may be encoded

in the person’s 1D badge 63,

{60118] Upon uupacking a received shipment 54 of medical items and placement into
storage bins 70 in a supply room 68 at the medical facility (third transition point), the unique
shipment identifier 58 and the unigue item identifier 39 on each medical e 38 1s read and
decoded by one or more reading devices 66 in the supply room 68, and the unique item identifier
39 of cach medical item 38 1s stored in association with a unique supply room identifier in the
inventory database 52 for the medical facility. The supply room 68 may also be referred to

hercin as a “vault” and it may be clectromagnetically shiclded as depicted in FIG, 26 and
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described in more detail hereinafter. In preferred embodiments, the one or more reading devices
66 in the supply room 68 may include one or more RFID tag readers and their associated
antennas and one or more bar code readers.  In preferred embodiments, the inventory database
52 also cross-references the unique ttern identifiers 39 with a unique personuel identifier 69 of
the person responsible for placement of the medical items into mventory at the medical facility,

which wdentifier may be encoded in the person’s 1D badge 67,

{60119} As shown in FIG. 24A, upon pulling medical items 38 from the supply room
storage bius 70 to be used in a medical procedure, examunation or lest, or to be otherwise
dispensed to a patient {fourth transition point), the unigue item identifier 39 on cach medical item
38 1s read and decoded by a portal reading device 41 in the supply room, and the unigue item
identifier of each medical item is stored in the inventory database 52 in association with a unigue
bill of material (BOM) ideuntifier 73 of the BOM 74 for the procedure/cxamvtest. In a preferred
embodiment, the unigue item wdentifiers 39 and BOM dentifier 73 are cross-referenced in the
database 52 with a unique personnel identifier 75 of the person removing the medical ttems from
the supply room, which identifier may be encoded in the person’s D badge 71, At this pont, the

medical items may be in a transport bin 34 or other container 34.

{66G120] Upon delivery of the medical items 38 to a procedure room, examination room, of
test room n the medical facility (fifth transition pomnt), the unique item wdentifier 39 oun each
medical ttem is read and decoded by a portal reading device 48 in or at the entrance to the
procedure/exarmy/test room, and the unique tern identifier of cach medical item 1s stored in the
inventory database 52 in association with a unique procedure/examy/test room identifier and a
unigue personnel wdentifier 49 of a person accepting delivery in the procedure/exam/test room.

The unique personnel identifier 49 may be encoded in the person’s 1D badge 47.

100121} In an allernative ersbodirvent depicted 1 FIG. 24B, upon pulling the wedical
items 38 from the supply room storage bins 70 to be used in a medical procedure, examination or
test, ot to be otherwise dispensed to a patient (fourth transition poiut), the umque item identifier
39 on cach medical item 38 is read and decoded by a portal reading device 41 in the supply
room, and the unique item identificr of cach medical ttem 1< stored in the inventory database 52
in association with a transport bin identifier 77 of the transport bin 34 used to transport the items

to a procedure/examy/test room. The unigue item wdentifiers 39 and transport bin identifier 77 are
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preferably cross-referenced in the database 52 with the unique personnel identifier 75 of the
person removing the medical tteras {from the supply room, which dentifier way be encoded
the person’s 13 badge 71. In this embodiment, the transport bin 34 may contain medical items
3§ that are to be used in the treatment of several different patients in the medical facility. In this
case, the unique item identifiers 39 will become assoctated with a particular patient only after the
medical tems 38 are delivered to a particular procedure/exarn/test room in which the patient is

being treated.

100122} As shown o FIG., 25, upon dispensing the medical items 38 to a patient or
otherwise consuming the medical items during a procedure or test performed on the patient in the
procedure/exam/test room (sixth transition point}, the unigue itern identifier 39 on the packaging
26 of each used medical item 18 read and decoded by a reading device 28 associated with the
waste bin 18 in the procedure/exam/test room, and the unigue ttem identilier of cach medical

item is stored in the inventory database 52 in association with a unique patient identifier.

106123 The medical items 38 that are delivered to the procedurs/exam/test room bt not
used or consumed during the medical procedure are preferably passed through the portal 48, and
the reader 46 reads the RFID tags of the vnused items 38, In a preferred embodiment, the item
identification information encoded in those RFID tags is cross-referenced in the database 52 with
a unigue persounel dentifier of the person responsible for removing the unused medical items
from the medical procedure room and transporting the items to the supply room for restocking,

which identifier may be encoded in the person’s 1D badge.

{06124] Medical itoms 38 in the transport bin 34 that are not delivered to a
procedure/exanytest room preferably remain associated in the database 52 with the identifier of
the person who originally removed the ttems {from the supply room. When the unused itoms
have been returved to the supply roow and their RFID tags are read by the RFID reader 41 in the
supply room, their identifiers automatically become disassociated with the person who removed
the ttems from the supply room. Those items also are once again recorded in the database 52 as

being present in the supply roon.

{G0125] At each transition point, a prompt may be automatically generated to remind the
responsible personnel to scan the vnique ttern wdentifier 39 on cach medical ttern 38 so that the

information will be entered into the inventory database 532, or to remind the responsible
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personnel to take other action as may be necessary based on the location and status of the

redical items 38, These prompts may be visual or audible.

{60126} In this preferred embodiment, the inventory database 52 maintains a chain of
custody for cach item 38 through cach transition point (and for each shipment 54 of items
between the first and sccond transition points) and keeps records of the personnel responsible for

each item or shipment at each location at any particular time.

{66127} At some transition points, individual medical e information may wvot be
specifically recorded, although bulk information associated with the packing list 36 will be
recorded. When the medical items are dispensed to the subseqguent transition pownt, the unique
item identifiers 39 may recovered and the umique item identifier information can be
automatically associated with the dispensing activity where snique ttem identifier information

was previously not recorded.

{G0128] Although a particular sequence of transition points is described, transition points
could consist of any handling point along the supply chain for a medical itemn from manufacturer

to patient.

100129] In further ewbodiments, cach trausition point is defined by the type of location.
Bach type of location may have a set of characteristics associated with that location type that
irigger certain action provapts when the medical terus are associated with that particular location
type in the database 52. For example, when the shipment 54 of medical items is received at a
supply room 68, such as by scanning the identification information on a packing list 56, the
supply room identification equipment may prompt the mventory management personnel to place
the products in the appropriate product storage location, initiate an RFID scan of the room to
identify the medical items present in the room and subsequently present information to the
inventory management personnel to determine if the room inventory, as updated, reconciles with

the packing list.

100130] In another example, when the RFID reader 48 i a procedure/examivation roor
detects in the room a medical tem that 18 considered to be Durable Medical Equipment,
Prosthetics, Orthotics and Supplies (DMEPOS, also collectively referred to herein simply as

“DME™), and it also detects a patient identification number encoded in an RFID tag associated
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with a particular patient in the room, the procedure room computer 30 may generate action
prompts based ou association of the DME item with the patent. For exaruple, the procedure
room computer 30 may prompt the treating personnel to disclose to the patient certain
information related to the proper use of the DME item, to input information o verify the delivery
of the DME item to the patient, or to obtain the patient’s signature to acknowledge receipt of the
DME ttem. In some embodiments, custody of a DME item passes from the treating personnel to
the patient only after the patient has entered a digital signature on a tablet computer or other
similar interface device. In a situation in which an old or used DME item is detected in the
room, and the patient is supposed to receive a new item, the system roay generate a notification
to treating personnel that the old/used item should go back to hospital stock and a new item

should be dispensed to patient.

{00131} In some cmbodiments, the exits of the hospital or other medical facility are
transition points at which networked RFID tag readers are positioned. When a just-dispensed
DME item is detected at any of these exit fransition points, the medical item mmventory computer
31 triggers a billing change event to cause the billing for the DME item to change from Medicare
Part A, in which the medical facility pays for rental, to Medicare Part B, in which the patient or
the patient’s insurance company is billed for the item. This exit event may also cause the
medical item inventory computer 31 to update the chain of custody for the DME item to indicate
a transfer of possession from the medical facility to the patient. Such an exit event may also
trigger the sending of notifications to the patient and medical personnel regarding follow-up care
for patient using the DME item, such as notifications recommending a Part B healtheare provider

and prompting the scheduling of follow-up appointments.

106132) Medical e Supply Room

100133] FIG. 26 depicts a functional block diagram of features of a roedical ern supply
room 68 according to a preferred embodiment. Within the supply room 68 are one or more
storage bius 70 in which medical items 38 are stored until they are needed for treatmieut of a
patient.  As the term 18 used herein, a “storage bin” is any storage structure in or on which
medical terns may be stored, mcluding but not limited to a container, shelf, drawer, hanger, or
cabinet. One or more RFID antennas 72 are directed toward the storage bins 70 to detect RFID

7

tags on medical items 38 stored thercin. The antennas 72 are clectrically connected to one or
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more RFID tag readers 66 that are in communication with the medical facility network 42, In
some embodiments, a supply roora computer 64 18 provided to allow personnel in the supply

room 68 to access medical item inventory information over the network 64,

166134] in some embodiments, the supply room 68 has RF shielding 76 in the walls, floor
and cetling to prevent detection of RFID tags that arc outside the supply room.  RFID shiclding
76 may also be provided in gaskets around the edges of the door frame and in a door sweep on

the bottom of the door.,

{6G135) in some embodiments, a computer 78 is built into the door 74 of the medical item
supply roora 68, As shown o FIG. 27, this coruputer 78 preferably includes a processor 80, a
touch screen display 82, keypad 84, biometric sensor 86 such as a fingerprint reader or retinal
scanner, and a code reader 990, such as an RFID reader, barcode reader or magnetic stripe reader,
for reading identification information of personnel seeking access to the supply room and
decoding the unique personncl wdentifiers encoded personnel ID badges. In a preferred
embodiment, the processor 80 interfaces with one or more sensors 85 that sense whether the door

74 is in an open state or a closed state and/or whether the door is locked or unlocked.

166136 The computer 78 may also interface with a door lock controller ¥8 to allow or
deny access to the room based on the identity of the person secking access and based on ongoing
activitics in the room. For example, if another person is in the room cntering items into
inventory, the computer may be programmed o not allow access so as not allow outside RFID
signals into the room and interfere with the ongoing inventory activity, The computer 78 may
also be programmed to keep the door locked while an RFID scan 1s talang place, whether or not
anyone is in the room. The computer 78 may also be programimed to deactivate the RFID reader
66 inside the room when the door is open so that no RFID tags on items outside the room will be

detected,

130137} In some embodiments, the supply room computer 64 or the computer 78 controls
the RFID tag reader(s) 66 to perform an RFID antenna calibration procedure. This procedure
may fovolve placing a known number of RFID-~tagged items in various different storage bins 70
in the supply room 68 with the RFID tag reader 66 mitially deactivated. The computer 64 then
activates the RFID tag reader 66 at a {irst relatively low transmitter power level and the nuraber

of tags detected is noted. H not all the tags present in the room were detected, the transomitter
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power level is increased by a small amount to a second power level that is greater than the first
power level and the nurnber of tags detected is noted. This procedure is repeated until all tags
are detected, and the lowest transmitter power level at which all tags were detected is stored as
the optiraum operational level, This general procedure could also be performed by starting at a
relatively high transmitter power level at which all tags are detected and then stepping down in

power until not all of the tags arc detected.

{60138] Some embodiments provide for printing information regarding a medical item on
an RFID label and electromcally encoding the wformation in the label.  After loading RFID
labels tnto an RFID label printer and calibrating the printer, a print utility application is executed
on a user computer that is vetworked with the RFID fabel printer.  Au exemplary user interface
screen generated by the printer utility application is depicted n FIG. 28, From this screen, the
user clicks on the “Search for Item” button, at which point the primter utility apphication
generates the user interface screen depicted in FIG. 29, The user types in a part description {i.e.,
“glove™) or a manufacturer product code n the “Scarch Text” ficld and clicks the “Scarch”
bution, Alternatively, the user may type in a manufacturer name 1o the “Manufactorer Search”
field and click the “Search for Mamufacturer” button. At this point the printer utility application
generates the user juterface screen depicted in FIG. 31, which lists all items having “glove”
the item description. The user clicks on one of the listed items to select it, at which point the
printer utility application generates the user inter{ace screen depicted in FIG. 32, The user then
enters the quantity, ot number, serial number, and expiration date in the corresponding fields
depicted m FIG. 32, and clicks on the “Print” button. An example of a printed RFID label is
depicted in FIG. 30. The user then inspects the printed RFID label to confirm that the correct
information has printed and that ©# s properly aligned. In a preferred embodiment, if

“VOIDVOIDVOIDY is printed on the label, the user should repeat the printer calibration steps.

160139] The foregoing description of preferred embodiments for this invention have been
presented for purposes of illustration and description. They are not intended to be exhaustive or
to linut the invention to the precise form disclosed. Obvious modifications or variations are
possibie in light of the above teachings. The embodiments are chosen and described in an effort
to provide the best illustrations of the principles of the invention and its practical application, and
to thereby enable one of ordinary skill in the art to utilize the invention in various embodiments

and with various modifications as arc suited to the particular use contermnplated. AH such
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modifications and variations are within the scope of the invention as determined by the appended
clairas when interpreted in accordance with the breadth to which they are fairly, legally, and

equitably entitied.
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CrLams
What is claimed is;

1. Au apparatus for tracking custody of medical items in a supply and
consumption chain, wherein cach medical item has an RFID tag attached thereto that cncodes
medical item information specific to the medical item, wherein the medical items are initially
coliected together as a shipment of medical ttems, and wherein the shipment has a packing
fist associated therewith and the packing list bas a shipment identifier associated therewith
that encodes shipment identification information specific to the shipment, the apparatus
comprising:

a first reading device disposed in an arca of a medical facility at which the shipment of the
medical ttoms s received, the first reading device for reading the shipment identifier
associated with the packing list and decoding the shipment identification information
eucoded in the shipment identifier;

one or more first RFID auntennas disposed in a supply roon in the medical facility, the one or
more first RFID antennas for receiving first radio frequency signals emanated from
the RFID tags attached to the medical items mn the shiproent after the wedical iterns
have been brought into the supply room, wherein the first radic frequency signals
contain the medical ttemn wnforruation encoded in the RFID tags attached to the
medical items;

one or more first RFID readers associated with the supply room of the medical facility and
electrically connected to the one or more first RFID} antennas, the one or more first
RFID readers tor decoding the medical itern information contained 1n the first radio
frequency signals emanated from the RFID tags attached to the medical items;

a second reading device associated with the supply room of the medical facility, the second
reading device for reading at least the shipment identifier associated with the packing
list and decoding the shipment identification information encoded in the shipment
identificr;

a medical facility inventory computer in electrical communication with the first reading
device, the one or more first RFID readers, and the sccond reading device, the
medical facility inventory computer programmed to receive the shipment

identification formation, the medical item mformation, a first personnel wdentifier
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that identities a person responsible for receiving the shipment of medical items at the
medical facility, a second personunel identifier that identifies a person responsible for
placement of the medical items into inventory at the medical facility, and a supply
roorn wdentifier that identifies the supply room into which the medical items are
placed into inventory; and

a medical tern mventory database in clectrical communication with the medical facility
mventory computer, the medical item inventory database {or associating at least the
shipment identification information with the first personnel identifier, the second
personnel identifier, and the supply roow identifier,

wherein the medical facility inventory computer is programmed to automatically generate
one or both of a first message directed to the person responsible for receiving the
shipment of medical ttems at the medical facility and a second message directed to
the person responsible for placement of the medical items mto inventory at the
medical facility, the generation of the first message triggered by the shipment
identification information becoming associated with the first personnel identifier, and
the second message triggered by the shipment identification 1uformation becoming
associated with the second personnel identifier, wherein the first and sccond messages
prorapt the person to whom they are directed to take some action with regard to the

shipment of medical items.

~

2. The apparatus of claim | wherein the shipment identifier comprises an RFID
tag attached to the packing list, and wherein the first reading device comprises an RFID

reader.,

-

3. The apparatus of claim 2 wherein the second reading device comprises one of

the one or more first RFID readers associated with the supply room.

4. The apparatus of claim | wherein the medical facility inventory computer is
operable to automatically associate the supply room identifier with the medical item
information of the medical items in the shipment, wherein the association is triggered by the
RFID tags on the medical items in the shipment being detected by the one or more first RFID

readers or the shipment identifier being read by the second reading device.
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3, The apparatus of claim 1 wherein the wedical tom ioventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the shipment dentification information with the first personnel identifier and the second

persoune! identifier.

6. The apparatus of Claims 1 further comprising:
a supply room portal having:
a portal opening; and
one or more second RFID antennas having ficlds of view directed to the portal
opening, the one or roore second RFID antennas for receiving second radio
frequency signals emanated from RFID tags attached to medical items that
pass through the portal based on the medical items being picked for removal
from the supply roons 10 be used in a medical procedure; and
a second RFID reader clectrically connected to the one or more second RFID antennas of the
supply room portal, the second RFID reader for decoding the medical item
information contained in the second radio frequency signals emanated from the RFID
{ags;
the medical facility inventory computer being programmed to automatically associate a third
personnel identifier with the medical item information contained in the second radio
frequency signals, whercin the association is triggered by the RFID tags on the
medical items in the shipment being detected by the second RFID reader, and wherein
the third personnel identifier identifies a person responsible for removal of the

medical items from the supply room.

7. The apparatus of claim 6 wherein the medical utern inventory database
maintains a chain of custody of the medical iterns in the shipment based on cross-refercucing
the medical item information contained in the second radio frequency signals with the third

personnel wdentifier,

&, The apparatus of claim 6 wherein the medical facility jnventory computer 18
operable to automatically generate a third message directed to the person responsible for
removal of the medical ttems from the supply room, the generation of the third message

triggered by the medical item information contained in the second radio frequency signals
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becoming associated with the third personnel identifier, wherein the third message prompts
the person to whom it i3 directed to take some action with regard to the wedical terus that

have been removed or are to be removed from the supply room.

g, The apparatus of Claims 1 further comprising:
a procedure room portal having:
a portal opening; and
one or more third RFID antennas having fields of view directed to the portal opening,
the one or more third RFID antennas for receiving thurd radio frequency
signals emanated from RFID tags attached to medical items that pass through
the procedure room portal when the medical teras are brought 1uto a medical
procedure room to be used in a medical procedure; and
a third RFID reader electrically connected to the one or more third RFID antennas of the
procedure room portal, the third RFID reader for decoding the medical item
information contained o the third radio frequency signals emanated from the RFID
{ags;
the medical facility inventory computer being programmed to automatically associate a
fourth personnel identifier with the roedical item information contained wn the thued
radio frequency signals, wherein the association is triggered by the RFID tags on the
medical items 0 the shipment being detected by the thuwd RFID reader, and wherein
the fourth persoune!l identifier identifies a person responsible for the medical items

while the medical items are in the medical procedure room.

1. The apparatus of claim 9 wherein the medical utern inventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the medical item information contained in the third radio frequency signals with the fourth

personnel wdentifier,

1. The apparatus of claimn 9 wherein the medical facility wventory computer is
operable to automatically generate a fourth message directed to the person responsible for the
medical items while the medical tters are i the medical procedure room, the generation of
the fourth message triggered by the medical item information contained in the third radio

frequency signals becoming associated with the fourth persounnel identifier, wherein the

41



WO 2016/040593 PCT/US2015/049373

fourth message prompts the person to whom it is directed to take some action with regard to

the medical iterus brought 1nto the medical procedure room.

12. The apparatus of Claim 9 further comprising:

a shielded enclosure disposed in the medical procedure room, the shielded enclosure having
an internal space for roceiving wrappers of medical tterns used during the medical
procedure, the shielded enclosure configured to attenuate radio frequency signals
emanated from RFID tags disposed outside the shiclded enclosure to levels that are
substantially undetectable within the iternal space;

one or more fourth RFID antennas disposed within the internal space of the shielded
enclosure, the one or more fourth RFID anteunas for receiving fourth radio frequency
signals emanated from RFIHD tags attached to the wrappers disposed within the
internal space, wherein the fourth radio frequency signals contain the medical item
information encoded in the RFID tags;

at least one fourth RFID reader clectrically comnnected to the one or more fourth RFID
antennas, the at least one fourth RFID rveader for decoding the medical item
information contained in the fourth radio frequency signals emanated from the RFID
tags attached to the wrappers disposed within the internal space; and

the medical facility inventory computer being programmed to automatically associate a
patient identifier with the medical item mformation contained in the fourth radio
frequency signals, wherein the association is triggered by the RFID tags of the
medical tterns in the shipment being detected by the fourth RFID reader, and whercin
the patient identifier identifies a patient on which the medical procedure was

pertormed in the medical procedure room.

I3, The apparatus of claim 12 whercin the medical item inventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the medical item information contained in the fourth radio frequency signals with the patient

identifier.

14. The apparatus of claim 12, wherein the medical facility inventory computer 18
programmed to automatically generate a fifth message directed to patient treatment personnel

if the medical item mformation indicates that the medical ttem 15 2 DME item, the generation
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of the fifth message triggered by the medical item information contained in the fourth radio
frequency signals becoming associated with the patient identifier, wherein the fifth message
prompts patient treatment personne! to perforn: one or more of the following actions:
disclose information to the patient related to the proper use of 4 DME medical item:
input information to verify delivery of a DME medical item to the patient; and

obtain the patient’s signature to acknowledge receipt of a DME medical item,

15, An apparatus for maintaining an inventory of medical items in a medical
facility, wherein each medical item has an RFID tag attached thercto that encodes medical
item information specific to the medical item, the apparatus comprising:

a shiclded enclosure comprising shielded walls, a shielded floor, and a shielded ceiling that
collectively define an internal space for storing the medical items;

a shielded door disposed 1n one of the shiclded walls of the shielded enclosure, the shiclded
door operable to allow personnel to enter and exit the internal space;

a door lock controller for clectronically countrolling a lock on the shiclded door;

one or more sensors associated with the shielded door for sensing au open state or closed
state of the shiclded door;

one or more storage bins disposed n the internal space, each storage bin for holding one or
more medical items;

one or more RFID antennas disposed n the internal space and adjacent the one or more
storage bins, the one or more RFID antennas for receiving radio frequency signals
emanated from the RFID tags attached to the medical items in the storage bins,
wherein the radio frequency signals contain the medical item information encoded in
the RFID tags attached to the medical items;

one or more RFID readers elecirically connected to the one or more RFID antennas, the one
or more RFID readers for performing scans to detect RFID tags within range of the

one or more RFID antennas and decoding the medical item juformation contained 1o

the radio frequency signals emanated from detected RFID tags;

a computer in electrical communication with the one or more RFID readers and the one or
more sensors associated with the shielded door, the computer programmed to
discontinue scans by the one or more RFID readers to detect RFID tags it signals

from the one or more sensors associated with the shielded door indicaie that the
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shielded door s in an open state, thereby preventing the one or more RFID readers

from detecting RFID tags that are cutside the shiclded enclosure.

16, The apparatus of claim 15 wherein the computer 18 in clectrical
communication with the door lock controller and is programmed to cause the door lock
controller to maintain the shielded door 1n 4 locked state while the one or more RFID readers

are performing a scan to detect RFID tags.

17.  The apparatus of claim 15 wherein the compuler is disposed within the
shielded door.
18. The apparatus of claim 15 wherein the computer 18 in  clectrical

communication with one or more code readers disposed on or adjacent the shielded door, the
one or more code readers operable to read and decode identification information on an
wdentification device carried by personnel seeking access to the shiclded enclosure, and the
computer is programmed to control the door lock controller to lock or unlock the door based

on the identification information,

19. The apparatus of claim 15 wherein the computer 18 in  eclectrical
commuunication with one or more biometric sensors for seusing biowetric information
indicating the identity of personnel secking access to the shiclded enclosure, and the
computer 1s programmed to control the door lock controller to lock or unlock the door base

on the identity.

20.  The apparatus of claim 15 wherein the computer is programmed to control the
one or more RFID readers to perform an RFID system calibration procedure mvolving a
known number of RFID tags attached to medical items disposed in the shielded enclosure,

the procedure comprising:

-~
o
-

performing a scan of the RFID tags with the one or more RFID readers set at g first

transmitter power level;

(b} the one or more RFID readers detecting a first number of RFID tfags attached to the

medical tems disposed 1o the shielded cuclosure;

{c} coraparing the first number of RFID tags to the known number of RFID tags;
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N

(H

if the first number of RFID tags is less than the known mumber of RFID tags,
performing a scan of the RFID tags with the one or more RFHD readers set at a second
transmitter power level that 1s incrementally higher than the first transmitter power

level;

repeating steps (b through (d) until the first number of RFID tags equals the known

nuntber of RFID tags; and

operating the one or more RFID readers at the second transmitter power level for

ongoing inventory maintenance purposes.

21, The apparatus of claim 15 wherein the computer is programmed to control the

one or more RFID readers to perform an RFID system calibration procedure involving a

known mumber of RFID tags attached to medical tiems disposed in the shiclded enclosure,

the procedure comprising:

(a)

(b

o~
(e}
S’

(d)

performing a scan of the RFID tags with the one or more RFID readers set at a first
receiver sensitivity level

the one or more RFID readers detecting a first number of RFID tags attached to the
medical items disposed in the shielded enclosure;

comparing the first nurmber of RFID tags to the known nurnber of RFID tags;

if the first number of RFID tags is less thav the kuown vumber of RFID tags,
performing a scan of the RFID tags with the one or more RFID readers set at a second
receiver sensitivity level that is incrementally higher than the first recetver sensitivity
level;

repeating steps (b through (d) until the first number of RFID tags equals the known
number of RFID tags; and

operating the one or more RFID readers at the second receiver sensitivity level for

ongoing inventory maintenance purposes.
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22, An apparatus for tracking custody of medical ews in a supply and
consumption chain, wherein cach medical item has an RFID tag attached thereto that encodes
medical ttern information specitic to the medical item, wherein the medical tems are nitially
collected together as a shipment of medical items, and wherein the shipment has a packing
fist associated therewith and the packing list has a shipment identifier associated therewith
that encodes shipment identification information specific to the shipment, the apparatus
comprising:

a first reading device disposed in an arca of a medical facility at which the shipment of the
medical ttems is received, the first reading device for reading the shipment identifier
associated with the packing hist and decoding the shipment identification mformation
encoded in the shipment identifier;

one or more first RFID antennas disposed in a supply room in the medical facility, the one or
more first RFID antennas for receiving radio frequency signals emanated from the
RFID tags attached to the medical tterus 1n the shipment after the medical items have
been brought into the supply room, which radio frequency signals contan the medical
item information encoded inn the RFID tags attached to the medical items;

one or more first RFID readers associated with the supply room of the wedical facility and
clectrically connected to the one or more first RFID antennas, the one or more first
RFID readers for decoding the wedical em information coutained in the radio
frequency signals emanated from the RFID tags attached to the medical items;

a second reading device associated with the supply room of the medical facility, the second
reading device for reading at least the shipment identifier associated with the packing
list and decoding the shipment identification mformation encoded in the shipment
identifier;

a medical facility inventory computer in electrical communication with the first reading
device, the one or more first RFID readers, and the second reading device, the
medical facility inventory computer programmed 1o receive the shipment
wdentification information, the medical item information, a first personnel identifier
that identifies a person responsible for receiving the shipment of medical items at the
medical facility, a second personnel identifier that identifies a person responsible for

placement of the medical items into inventory at the medical facility, and a supply
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room identifier that identifies the supply room into which the medical items are
placed into mventory; and

a medical item inventory database in electrical commmunication with the medical facility
mventory computer, the medical tiern nventory database for associating at lcast the
shiprment identification information with the first personne! identifier, the second
personnel identificr, and the supply room dentificr,

wherein the medical facility wmventory computer is programmed to automatically generate
one or both of a first message directed to the person responsible for receiving the
shiproent of medical items at the medical facility and a second message directed to
the person responsible for placement of the medical items into inventory at the
medical facility, the generation of the first message triggered by the shipment
identification information becoming associated with the first personnel identifier, and
the second message triggered by the shipment identification information becoming
associated with the second personnel identifier, wherein the first and second messages
prompt the person to whom they are directed to take some action with regard to the

shipment of medical erus.

23, The apparatus of clammn 22 wherein the shipment identifier comprises an RFID
tag attached to the packing list, and wherein the first reading device comprises an RFID

reader.

24, The apparatus of claim 23 wherein the second reading device comprises one

of the one or more first RFID readers associated with the supply room.

25.  The apparatus of claim 22 wherein the medical facility inventory computer is
operable to automatically associate the supply room identifier with the medical ttem
information of the medical terms 1u the shipment, wherein the association is triggered by the
RFID tags on the medical items in the shipment being detected by the one or more first RFID

readers or the shipment identifier being read by the second reading device.

26.  The apparatus of claim 22 wherein the wedical item inventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the shipment dentification information with the first personnel identifier and the second

persoune! identifier.
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27.  The apparatus of Claim 22 further comprising:
a supply room portal having:

a portal opening; and

one or more second RFID antenpas having fields of view directed to the portal
opening, the one or more second RFID antennas for receiving radio frequency
signals emanated from RFID tags attached to medical items that pass through
the portal based on the medical items being picked for removal from the
supply room to be used n a medical procedure;

a second RFID reader electrically connected to the one or more second RFID antennas of the
supply room portal, the second RFID reader for decoding the medical item
information contained in the radio frequency signals emanated from the RFID tags;
and

the medical facility inventory computer being programmed to automatically associate a third
persomnel wdentifier with the medical item information contained in the radio
frequency signals, wherein the association is triggered by the RFID tags on the
medical items in the shipment being detected by the second RFID reader, and wherein
the third persomnel 1dentifier identifies a person responsible for removal of the

medical items from the supply room.

28, The apparatus of Claim 27 wherein the medical items that have been picked
for rermoval from the supply room to be used i a medical procedure are disposed 1 a
transport container that includes an RFID tag attached thereto that encodes transport
container identification nformation, the apparatus {urther comprising:
the one or more second RFID antennas of the supply room portal for recelving a radio
frequency signal emanated from the RFID tag attached to the transport container as it
passes through the portal;
the second RFID reader for decoding the transport container identification information
contained in the radio frequency signal ervanated from the RFID tag attached to the

transport container; and
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the medical facility inventory computer being programumed to automatically associate the
trausport countainer wentification information with the medical lern information of

the medical items disposed in the transport container.

29, The apparatus of claim 27 wherein the medical item inventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the medical itews information contained in the radio frequency signals with the third

personnel identitier.

30, The apparatus of claim 27 wherein the medical facility inventory computer is
operable to automatically generate a third message directed to the person respousible for
removal of the medical items from the supply room, the generation of the third message
triggered by the medical item mformation contained in the radio frequency signals becoming
associated with the third personnel identifier, wherein the third message prompts the person
to whom it 1s directed to take some action with regard to the medical items that have been

removed or are to be removed from the supply room.

31, The apparatus of Claim 22 further comprising:
a procedure room portal having:

a portal opening; and

one or more third RFID antennas having fields of view directed to the portal opening,
the one or more third RFID antenuas for receiving radio frequency signals
emanated from RFID tags attached to medical items that pass through the
procedure room portal when the medical ttermns are brought into a medical
procedure room to be used in a medical procedure;

a third RFID reader electrically connected to the one or more third RFID antennas of the
procedure room portal, the third RFID reader for decoding the wedical dem
information contained in the radio frequency signals emanated from the RFID tags;
and

the medical facility inventory computer being programmed to automatically associate a
fourth personnel identifier with the medical item intormation contained in the radio
frequency signals, wherein the association is triggered by the RFID tags on the

medical ttfems in the shipment being detected by the third RFID reader, and wherein
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the fourth personnel identifier identifics a person responsible for the medical items

while the medical items are in the medical procedure room,

32. The apparatus of claim 31 wherein the medical ttem inventory database
maintains a chain of custody of the medical items in the shipment based on cross-refersucing
the medical item information contained in the radio frequency signals with the fourth

personnel identifier.

33, The apparatus of claima 31 whereiu the medical facility inventory computer is
operable to automatically generate a fourth message directed to the person responsible for the
medical items while the medical terus are w the medical procedure room, the generation of
the fourth message triggered by the medical ttemn information contained in the radic
frequency signals becoming associated with the fourth persounnel identifier, wherein the
fourth message prompts the person to whom it is directed to take some action with regard to

the medical ttems brought into the medical procedure room.

34. The apparatus of Claim 31 further comprising:

a shielded euclosure disposed wn the medical procedure room, the shielded enclosure having
an internal space for receiving wrappers of medical items used during the medical
procedure, the shielded enclosure configured to attenuate radio frequency signals
emanated from RFID tags disposed outside the shiclded enclosure to levels that are
substantially undetectable within the iternal space;

one or more fourth RFID antennas disposed within the internal space of the shielded
enclosure, the one or more fourth RFID antennas for roceiving radio frequency
signals emanated from RFIHD tags attached to the wrappers disposed within the
internal space, which radio frequency signals contain the medical ttern information
encoded in the RFID tags;

at least one fourth RFID reader electrically connected to the one or more fourth RFID
antennas, the at least one fourth RFID rveader for decoding the medical item
information contained in the radio frequency signals emanated from the RFID tags
attached to the wrappers disposed within the nternal space; and

the medical facility inventory computer being programmed to automatically associate a

patient identificr with the medical item wnformation contained 1n the radio frequency
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signals, wherein the association s triggered by the RFID tags of the medical items in
the shipment being detected by the fourth RFID reader, and wherein the patient
identifier identifies a patient on which the medical procedure was performed in the

medical procedure room,

35, The apparatus of claim 34 wherein the medical item inventory database
maintains a chain of custody of the medical items in the shipment based on cross-referencing
the medical item information contained in the radio frequency signals with the patient

identifier.

36, The apparatus of claim 34, wherein the medical facility inventory computer 8
programmed to automatically generate a fifth message directed to patient treatment personnel
if the medical item mformation ndicates that the medical lem 1s a DME medical tem, the
generation of the fifth message friggered by the medical tern information contained in the
radio frequency signals becoming associated with the patient identifier, wherein the fifth
message prompts patient treatment personne] to perform one or more of the following
actions:

disclose information to the patient related to the proper use of the DME roedical item;

inprut information to verify delivery of the DME medical item to the patient; and

obtain the patient’s siguature to acknowledge receipt of the DME medical item.

37.  The apparatus of claim 36, wherein the medical facility inventory computer 8
programmed to antomatically update records in the medical item inventory database to
transfer custody of the DME medical item to the patient dentificd by the patient identifier
upon obtaining the patient’s signature entered on an input device in electrical communication

with the medical tacility mventory computer,

38.  The apparatus of Claim 22 further comprising:
a medical facility exit portal having:
a portal opening; and
oue or more fifth RFID antennas having fields of view directed to the portal opening,
the one or more fifth RFID antennas for receiving radio frequency signals

emanated from RFID tags attached to DME medical items that pass through
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the medical facility exit portal as the DME medical items exit the medical
facility in the custody of patients to which the DME medical iteras have been
dispensed; and
a fifth RFID reader electrically connected to the one or more fifth RFID antennas of the

medical facility exit portal, the fifth RFID reader for decoding the medical item

information contained in the radio frequency signals ernanated from the RFID tags

attached to the DME medical items;

the medical facility inventory computer being programmed to automatically perform one or

more of the following actiouns upon receipt of the medical itern information containe

in the radio frequency signals:

changing billing records for the patient to indicate that billing for a DME medical
itemn has changed from Medicare Part A, in which the medical facility pays for
rental of the DME medical item, to Medicare Part B, tn which the patient or
the patient’s insurance company is billed for the DME medical item;

updating records in the medical item inventory database to transfer custody of the
DBME medical tlew from the medical facility to the patient; and

sending notifications to onc or more of the patient and medical personnel regarding
follow-up care for the patient while using the DME wedial item, such
notifications inchuding one or more of a recommendation of a Medicare Part B
healthcare provider and a prompt for scheduling of follow-up appointments

for the patient.

39, The apparatus of Claim 31 wherein

the one or more third RFID antennas of the procedure room portal are operable to recetve
radio frequency signals emanated from RFID tags attached to medical items that were
not used or consumed during the medical procedure and which pass through the
procedure roorn portal as or before the medical tems leave the medical procedure
room to be returned to the supply room;

the third RFID reader for decoding the medical e information contained i the radio
frequency signals emanated from the RFID tags; and

the medical facility mventory computer being programmed to automatically associate a fifth

persormel identifier with the medical item information contained in the radio
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frequency signals, wherein the association is triggered by the RFID tags on the
medical terns leaving the medical procedure room being detected by the third RFID
reader, and wherein the fifth persoune! identifier identifies 8 person responsible for

the medical items until the medical ttems are returned to the supply room.

40, The apparatus of Claim 39 wherein

the one or more second RFID antennas of the supply room portal are operable to receive
radio frequency signals emanated from RFID tags attached to medical items that were
not used or consumed during the medical procedure and which pass through the
supply room portal as or after the medical items enter the supply room to be returned
{o stock;

the second RFID reader for decoding the medical item information contained in the radio
frequency signals emanated from the RFID tags; and

the medical facility inventory computer being programmed to automatically disassociate the
fifth personnel wdentifier from the medical item wmformation contained wn the radio
frequency signals, wherein the disassociation s triggered by the RFID tags on the

medical items being detected by the second RFID reader.

41, An apparatus for maintaining an inventory of medical items in a medical
facility, wherein each medical item has an RFID tag attached thercto that encodes medical
item information specific to the medical item, the apparatus comprising:

a shiclded enclosure comprising shiclded walls, g shielded floor, and a shiclded cetling that
collectively define an internal space for storing the medical items;

a shielded door disposed 1n one of the shiclded walls of the shielded enclosure, the shiclded
door operable to allow personnel to enter and exit the internal space;

a door lock controller for electronically controlling a lock on the shielded door;

one or more sensors associated with the shielded door for sensing au open state or closed
state of the shiclded door;

one or more storage bins disposed n the internal space, each storage bin for holding one or
more medical items;

one or more RFID antennas disposed in the internal space, the one or more RFID anteunas

for recetving radio frequency signals emanated from the RFID tags attached to the
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medical items in the storage bins, wherein the radio frequency signals contain the
medical item information encoded in the RFID tags attached to the medical items;

one or more RFID readers electrically connected to the one or more RFID antennas, the one
or more RFID readers for performing scans to detect RFID tags within range of the
one or more RFID antennas and decoding the medical iteny information contained in
the radio frequency signals emanated from detected RFID tags; and

a computer 1o electrical coramunication with the one or more RFID readers and the one or
more sensors associated with the shielded door, the computer programmed to
discontinue scans by the one or more RFID readers if signals from the one or more
sensors associated with the shielded door indicate that the shiclded door is in an open
state, thereby preventing the one or more RFID readers from detecting RFID tags that

are ouiside the shielded enclosure.

42, The apparatus of claim 41 wherein the computer is in electrical
communtcation with the door lock controller and 18 programmed to cause the door lock
controller to maintain the shielded door 1 a locked state while the one or more RFID readers

are performing a scan to detect RFID tags.

43, The apparatus of claim 41 wherein the computer is disposed within or on the
shielded door.
44.  The apparatus of claim 41 wherein the computer s in  electrical

communication with one or more code readers disposed on or adjacent the shielded door, the
one or more code readers operable to read and decode identification information on an
identification device camried by personnel seeking access to the shiclded enclosure, and the
computer 18 programmed to control the door lock controller to lock or unlock the door based

on the identification information,

45. The apparatus of claim 41 wherein the computer 1s in  clectrical
comnmmunication with one or more biometric sensors for sensing biometric information
indicating the identity of personnel secking access to the shiclded cuclosure, and the
computer is programmed to control the door lock controlier to lock or unlock the door based

on the identity.
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46.  The apparatus of claim 41 wherein the computer i1s programmed to control the

one or more RFID readers to perform an RFID system calibration procedure involving a

known number of RFID tags attached to medical items disposed in the shielded enclosure,

the procedure comprising;

{a) performing a scan of the RFID tags with the one or more RFID readers set at a first
transmitter power level;

(b} the one or more RFID readers detecting a first mumber of RFID tags attached to the
medical items disposed in the shielded enclosure;

(¢} comparing the first number of RFID tags to the known number of RFID tags;

{(d) if the first number of RFID tags s less than the known number of RFID tags,
performing a scan of the RFID tags with the one or more RFHD readers set at a second
transmittor power level that is incrementally higher than the first transmitter power
level:

(e} repeating steps (b} through (d) until the first number of RFID tags equals the known
number of RFID tags; and

H operating the one or more RFID readers at the second transmutier power level for

ONngoing INVentory Maintenance purposes.

47.  The apparatus of claim 41 wherein the computer is programmed to control the
one or more RFID readers to perforra an RFID system calibration procedure wnvolving a
known number of RFID tags attached to medical items disposed in the shielded enclosure,
the procedure comprising:
{a} performing a scan of the RFID tags with the one or more RFID readers set at a first
receiver sensitivity level
{b) the one or more RFID readers detecting a first number of RFID tags attached to the
medical items disposed in the shielded enclosure;
{c} comparing the first number of RFID tags to the known number of RFID tags;
() if the first number of RFID tags is less than the known mumber of RFID tags,

performing a scan of the RFID tags with the one or more RFID readers set at a second

55



WO 2016/040593 PCT/US2015/049373

receiver sensitivity level that is incrementally higher than the first receiver sensitivity

fevel;

{e} repeating steps {b) through (d) votd the st nuraber of RFID tags equals the known

) operating the one or more RFID readers at the sceond receiver sensitivity level for

ongoing inventory maintenance purposes.
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