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Hannah realized that she needed to understand the
workings of the pharmacy department where the
compounded medications were prepared before she
could do anything else. Her knowledge was limited to
the outpatient pharmacy that prepared and sold pills
but made no compounded medications (IV bags). The
“big picture” of the process (Figure 1) was already
clear to Hannah: The hospital health-care providers
ordered medication; the pharmacists checked and ver-
ified the order; the techs created the medication for
the patient; and the techs then delivered the medica-
tion to the hospital unit, where it was administered
to the patient.

But understanding only “the big picture” seemed
insufficient. Hannah asked her colleague Sandy for
a tour of the department. Hannah then summarized
what she learned from Sandy.

Intravenous medications for the hospital’s inpa-
tients are compounded in the intravenous pharmacy
room (IVA, see Figure 2). The medication doses pre-
pared in IVA are packaged as syringes and IV bags.
The IVA operates 24 hours a day, and employs
four pharmacists and 36 technicians. Pharmacy-mixed
medications are delivered to 48 different hospital
units. The IVA staff is also responsible for compound-
ing items for nursing homes, hospital outpatient clin-
ics, operating room stock, and frequently used items
that are made in bulk.

With in-hospital orders, providers (physicians,
physician assistants, nurse practitioners) enter medi-
cation orders into the hospital order database. Each
order is assigned a unique order number. Informa-
tion tied to each order includes the order initiation
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time, the patient’s medical record number, the med-
ication specification, the medication administration
frequency (e.g., four times a day), the order dura-
tion (60 days is the default), and the name of order-
ing physician. The order entry screen is shown in
Figure 3.

Medications are usually prescribed to be adminis-
tered over multiple days with certain frequency: three
times a day, every 8 hours, once every other day, con-
tinuously, etc. The distribution of the administration
frequencies is shown in Figure 4. The times of the day
the doses are to be administered may depend on the
time the medication order was issued. With continu-
ous administration, the times the IV doses are needed
depend on the rate of infusion, which in turn depends
on multiple factors, such as the type of medication,
patient’s age, and organ function.

The pharmacy information system computes the
scheduled administration times for medication doses
based on the time an order is placed and on the speci-
fied frequency or rate of infusion. The pharmacy then
must prepare the needed number of doses, and medi-
cation must be labeled so that it is administered to the
right patient at the right time. The pharmacy infor-
mation system generates a work order for each dose
in the form of a medication label with the name of the
medication, patient, patient location, and scheduled
administration time. The printout of a label triggers
the compounding of the medication.

From the five-day waste audit, Hannah learned that
94% of doses that were wasted came from batch pro-
duction. Sandy confirmed that IV batch preparation is
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Figure 1 The “Big Picture” of the Pharmacy Process

Physician, nursing facility staff,
and pharmacist determine
therapeutic need

!

Nursing home, hospital or
home health agency

New order, refill, or change
request

Receive medication and
dispense to patient

If unused, dispose or return

Figure 2 Medication Doses Prepared in the Intravenous Pharmacy
Room (IVA)

the largest part of the daily work in IVA. Sandy fur-
ther explained the three terms that were used in the
pharmacy to describe doses prepared as part of this
process: IV batch, redispenses, and first doses.

Figure 3 Example of a Medication Order Screen
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e Formulary check
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Pharmacy dispensed medication
e Specialized packaging
e Labeling

{

Pharmacy delivers medication
e Scheduled deliveries
e Emergency deliveries

* Doses prepared as part of the regular IV batch are
doses for the medication that has already been veri-
fied by a pharmacist to be safe and appropriate for the
patient. The IV batch includes doses scheduled to be
administered to patients over 24 hours at times start-
ing between 4 P.M. of the current day and 3:59 p.M.
the following day. The IV batch doses are prepared
daily between 6 A.m. and 2 p.M. and delivered to the
hospital units in a batch delivery.

* Redispenses are doses that have to be prepared
to handle missing doses due to misplacement of the
original doses in hospital units or insufficient number
of doses supplied by the pharmacy.

e First doses refers to the doses prepared outside
the IV batch process following the initial placement
of a medication order. After a medication order is
entered into the hospital’s computerized order entry
system by a health-care provider (physician, physi-
cian’s assistant, nurse practitioner, etc.), a pharmacist
must verify that the order is safe and appropriate, i.e.,
the drug is suitable for the diagnosis and the dosage
is safe for the weight of the patient. Once the verifi-
cation is done, the pharmacy prepares enough doses
to last until the doses for this order can be prepared
as part of the daily IV batch process.

Hannah sketched out an example of first dose
scheduling (Figure 5): A medication order is placed
at 6 P.M. on Monday with daily dose administering
times scheduled for 8 p.M., 4 A.M., and noon. The
first three doses (administering times: 8 p.M. Monday,
4 A.M. Tuesday, and noon Tuesday) are prepared as
first doses, because the preparation and delivery of
Monday’s IV batch has already been completed by the
time the medication order is verified by the pharma-
cist. The pharmacy uses the pneumatic tube system
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Figure 4 Distribution of Ordered Administration Frequencies
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of the hospital to deliver first doses. The doses to be
administered at 8 r.M. Tuesday, 4 A.M. Wednesday,
and noon Wednesday are then prepared as part of
Tuesday’s IV batch. These are delivered as a batch by
a tech using a cart.

The basic process of compounding and subsequent
checking of the medication by pharmacist is the same
whether the dose is prepared as part of an IV batch,
as a redispense or as a first dose. Hannah recorded the
steps involved in the IV batch process.

1. At 6 AM., the information system generates a
list of medication doses with scheduled administer-
ing start times between 4 p.M. of the current day and
3:59 p.M. of the following day. This list is printed
in the IVA in the form of medication labels (Fig-
ure 6). “Update” labels for new medications that were
ordered and verified between 6 aA.M. and right before
noon are printed at noon.

2. Label orders are then organized by a technician
into products that are not administered continuously
but typically run over a set period of time (small-
volume), and IV medications that are running contin-
uously at a set drip rate (large-volume). Small-volume
and large-volume items are further separated into
different categories, including a separation between
pediatric and adult orders.

Figure 5 Sketch of Dose Production Scheduling
Monday Tuesday

6PM 8PM 4 AM. Noon 8 P.M. 4 AM.

Wednesday

20 30
(%)

3. The technicians gather the raw materials (medi-
cation and diluents), place the labels and materials in
plastic bins, and organize the bins for compounding
by other technicians in an IV hood (Figure 7).

4. For the IV batch, all doses are prepared in the
order in which the techs deliver them: first Neona-
tal Intensive Care unit (NICU), then adult, then pedi-
atrics.

5. After the medication doses are compounded, a
pharmacist checks each one for accuracy and safety. If
the medication dose is deemed safe and correctly pre-
pared, it is placed by the pharmacist into one of the
various holding bins awaiting delivery to patient care
units. The name of dispensing pharmacist is recorded
on each dose.

6. Technicians deliver the medications, using carts.
Medications for the NICU are delivered to the NICU
starting at 2 p.M.; medications for the adult units are
delivered starting at 2:30 p.Mm.; and delivery of medica-
tions for the pediatric units starts at 3 p.M. A nurse or
a designated person receives the medication in each
hospital unit.

A physician or a nurse sometimes changes or dis-
continues a medication order. When an order is dis-
continued, the system prints a discontinue label in the

Thursday

Noon 8 P.M. 4 AM. Noon 8 P.M.

I | | | |
| JA

I I

First doses Tuesday’s

Order IV batch
entered

Wednesday’s
IV batch
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Figure 6 Sorting of Dose Labels in the IVA

pharmacy. A pharmacy technician must notice the
discontinue label, find the technician who is working
on the order, and, if the doses have not been com-
pounded, remove the corresponding bin. The techni-
cians in the pharmacy frequently do not follow this
process, especially later on in the day, because they
assume that the doses for a canceled medication order
have already been prepared.

Sandy mentioned to Hannah that the pharmacy
management was considering purchasing a new phar-
macy work-management system. One of the features
of this system is a virtual queue for the technicians,
which prints labels individually just before a dose
is made. Sandy also mentioned that some hospital
pharmacies split their work into multiple batches in
a 24-hour period. This keeps prepared medications
inventory levels lower, and therefore reduces waste
due to order cancellations. However, there is not a
clear understanding in the industry as to the optimal
way of splitting up daily batches. Any reduction in

Figure 7 Pharmacy Technicians Compounding Medication in IV Hoods

waste must be weighed against a potential increase
in labor hours, since producing more batches would
require more deliveries and would require technicians
and pharmacists to work additional shifts.

A pharmacy IT specialist was able to run a report
to provide Hannah with some data on orders and
cancellations. The report was delivered to Hannah
in a spreadsheet (available as supplemental material
at http://dx.doi.org/10.1287/ited.2015.0147csB). The
report is a sample of 11 drugs, which represent about
50% of orders, and also 50% in both the dose and
dollar volume of drugs dispensed in the IV batch pro-
cess. Under the tab named “Drug Prices,” the report
lists a numeric identifier for each of the 11 drugs,
the name of the drug, and the cost per dose. Under
the tab named “Orders,” the report lists orders for a
year: Each record is one order. Each record contains
an order number, a drug identifier, the day and hour
the drug was ordered, the frequency with which the
drug doses were to be administered, the ending date
for the order, the date and hour that the order was
canceled, and how many doses were redispensed for
the order. The IT specialist explained to Hannah that
if no cancellation date is specified in a record, then the
pharmacy generates doses for the order until the end-
ing date. All patient identifiers were removed from
the report to protect patient privacy.

Supplemental Material
Supplemental material to this paper is available at
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