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Using National Drug Codes and drug
knowledge bases to organize prescription records
from multiple sources
Linas simonaitis and CLement J. mCdonaLd

C

linicians need an accurate list
of their patients’ medications
to avoid prescribing errors and
provide optimal care.1 Over time,
a patient’s medications will be pre
scribed by many different providers
and dispensed by many different
pharmacists, and medication records
tend to be scattered. Consequently,
clinicians today must gather a medi
cation history, including both active
and inactive medications, directly
from their patients. Hospitals must
do the same as part of the medication
reconciliation process required by the
Joint Commission.2 These processes
are both time intensive and error
prone and beg to be automated.3
Almost all inpatient and out
patient pharmacies use computers
to process and fill prescriptions or
drug orders. In theory, health care

Purpose. The utility of National Drug Codes
(NDCs) and drug knowledge bases (DKBs)
in the organization of prescription records
from multiple sources was studied.
Methods. The master files of most pharma
cy systems include NDCs and local codes
to identify the products they dispense. We
obtained a large sample of prescription
records from seven different sources. These
records carried a national product code or
a local code that could be translated into a
national product code via their formulary
master. We obtained mapping tables from
five DKBs. We measured the degree to
which the DKB mapping tables covered
the national product codes carried in or
associated with the sample of prescription
records.
Results. Considering the total prescription
volume, DKBs covered 93.0–99.8% of the
product codes from three outpatient sourc
es and 77.4–97.0% of the product codes
from four inpatient sources. Among the in
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providers should be able to obtain a
complete record of all of a patient’s
medications by pulling the prescrip
tion records from all of the pharma
cies that have served their patient.
This idea inspired a consortium
of pharmacy benefit management
companies to create RxHub, which
merged with Surescripts in 2008, in
order to coordinate the aggregation
of pharmacy dispensing records into
a unified medication history.4 The
same idea motivated the creation of
Regional Health Information Orga
nizations (RHIOs), which aggregate
clinical information of many kinds
from regional sources.5
Inpatient and outpatient phar
macy systems employ levels of stan
dardization that could enable the
delivery of computerized prescrip
tion records to care providers. Most
community pharmacies use the Na
tional Council for Prescription Drug
Programs (NCPDP) Telecommuni
cation Standard,6 and most hospital
pharmacies use Health Level Seven
(HL7) pharmacy-order messages.7
We believe that most pharmacy
systems either do or could include a
universal product identifier (i.e., Na
tional Drug Code [NDC])8 in these
prescription messages because they
carry this identifier in their master
formulary for most of the medica
tions they dispense.
However, this universal product
identifier cannot directly enable de
cision support or performance mea
surements and cannot be used to or
ganize medication profiles and flow
charts. NDCs were designed for in
ventory management and reimburse
ment. Each product labeler assigns
its own NDC for every product it
markets; thus, every distinct combi
nation of brand name, dosage form,
strength, and package size gets many
different NDCs. As a result, products
that clinicians might consider as a
single medication are represented by
many different NDCs. For example,
amoxicillin 500-mg capsules have at
least 227 distinct NDCs, and there
1744
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is nothing intrinsic to these codes
that ties them together. Clinically
equivalent NDCs should be mapped
to a higher-level code that identifies
the clinically relevant concept—
the generic drug, dosage form, and
strength. 9-11 Following common
usage, we call this the “clinical drug
code.”
Commercial drug knowledge base
(DKB) vendors provide the clini
cal drug codes needed for clinical
use and provide tables for mapping
NDCs to their clinical drug codes.
These commercial DKBs have been
adopted by pharmacies and clinical
care systems to assist the prescrib
ing and dispensing processes. The
National Library of Medicine (NLM)
also provides a public-use DKB
called RxNorm, which contains a
table for mapping NDCs to their
“semantic clinical drug code.”12 So, in
theory, hospitals and office practices
could automatically capture these
prescription records from all relevant
pharmacy systems, map the NDCs to
their respective clinical drug codes
from one DKB, and file the prescrip
tion records from all prescription
sources under the appropriate clini
cal drug within their medical records
system.
However, the success of such an
effort will depend on the degree
to which the drug identifiers used
in pharmacy messages are carried
in DKB mapping tables. If DKBs
do not include NDCs in common
use or if pharmacy systems use lo
cally invented product codes in these
messages, this automated mapping
process will fail.
We obtained mapping tables
from five DKBs to assess the degree
to which DKB mapping tables can
translate the codes contained in
pharmacy messages. We also ob
tained a large sample of production
NCPDP and HL7 pharmacy mes
sages and their associated master
formulary files. We then assessed
the degree to which the codes in the
prescription records and formularies
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appear in the DKB mapping tables
and attempted to determine reasons
for any exclusions.
Methods
Coding systems. An NDC is a
10-digit code consisting of three
parts delimited by dashes: (1) the
labeler segment assigned by the Food
and Drug Administration (FDA)
to the distributor, manufacturer, or
repackager of the product, (2) the
product segment, which identifies
a specific drug product (e.g., Zocor
20-mg tablets), and (3) the package
segment, which distinguishes differ
ent package sizes produced by one la
beler (e.g., bottle of 100 tablets). FDA
does not control assignment of the
entire code, only the first segment.
This assignment process is akin to
the assignment of Internet addresses:
a root code is assigned to an organi
zation, and the organization assigns
more specific codes by adding digits
to that root.
The NDC was introduced in 1972
as a 10-character code with a 4-4-2
configuration to identify the labeler,
product, and package segments, re
spectively. Later, FDA expanded the
labeler segment to 5 digits, with two
configurations (5-4-1 and 5-3-2). All
of these configurations used dashes
as delimiters to distinguish the three
segments. Today, most users convert
the historic codes to an 11-digit for
mat. In this format, the first 5 digits
represent the labeler segment, the
next 4 digits represent the product,
and the last 2 digits, the package. To
convert an older NDC to this newer
5-4-2 configuration, one must add a
leading zero either to a 3-digit prod
uct segment or to a 1-digit package
segment. The 11-digit format (with
no dashes), is the only format per
mitted in NCPDP messages, and is
mandated by the Health Insurance
Portability and Accountability Act
of 1996 (HIPAA) regulations for all
HIPAA transactions.13
The primary focus of this study
was the industry-accepted product
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codes found in NCPDP messages,
HL7 messages, pharmacy master
files, and DKB mapping tables. These
industry codes are used widely by
pharmacies to identify prescribed
products, allowing for the aggrega
tion of prescription records from
many sources. There is no accepted
name for these codes. Many refer to
them casually as NDCs. However,
the codes are actually a collection of
(1) registered NDCs (i.e., codes for
medications, including therapeutic
biological products), that have been
officially registered in FDA’s NDC
directory, (2) semiofficial NDCs (i.e.,
codes for medications that have been
properly assigned according to FDA
rules but not yet registered in FDA’s
database), and (3) device and supply
codes.
The two types of codes used for
identifying devices and supplies are
the National Health Related Items
Code (NHRIC) system and the Uni
versal Product Code (UPC) system.
The NHRIC system was developed in
the 1970s by FDA’s Center for Devic
es and Radiological Health.14 FDA set
aside a block of 4-digit labeler codes
for the NHRIC system, designed not
to overlap with the labeler codes for
the NDC system. Although NHRICs
consist of two segments and 10 digits,
they can be converted to a string of
11 digits, in accordance with NCPDP
standards, in a way analogous to that
used for NDCs.
UPCs derive from an even more
complex system, beyond the au
thority of FDA. These codes are
coordinated by the global standards
development organization GS1 and
its U.S. member organization GS1
US (formerly known as the Uniform
Code Council).15 Different versions
of these codes exist, with different
lengths. However, the most common
type of UPC in the United States is the
10-digit pattern found on bar codes
(typically accompanied by an 11th
digit on the left to indicate product
type and a 12th modulus check digit
on the right). This 10-digit UPC is
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often converted to an 11-digit string
by adding an additional zero between
its two 5-digit segments.
In the DKBs examined in this
study, the UPCs and NHRICs are
stored in the same database columns
as NDCs. However, commercial
knowledge bases do provide some
clues to the different origin of these
codes, such as an additional indica
tor field.
All of these categories of codes
(registered NDCs, semiofficial NDCs,
NHRICs, and UPCs) are delivered in
the same slot as HL7 and NCPDP
messages, and they all appear in
the same slot of pharmacy master
files. Operationally, these codes are
defined by the DKB vendors, who
actively gather these codes and in
formation about the products these
codes represent. For convenience
purposes, in this article we will
call them “NDCs,” using quotation
marks to remind the reader that we
are referring to the above defined
universe of NDC-like codes. We also
include industry-assigned supply
codes in this rubric for the sake of
simplicity. When speaking of NDCs
officially registered with FDA, we will
not use quotation marks and will
always precede NDC with the word
“official.”
Another population of prescribed
codes flows in messages in the same
place as “NDCs.” We will call them
“invented codes,” because they are
invented locally by pharmacies and
other organizations without FDAassigned labeler codes and are not
part of any national coding system.
Invented codes may appear in the
“NDC” slots of local formularies
and electronic prescription messages
where “NDCs” are usually found.
Such codes are sometimes, but not
always, easily distinguishable from
“NDCs” by their format.
FDA does provide an enumeration
of the official NDCs in its database.
But FDA’s enumeration does not
include many of the “NDCs” found
in electronic messages. Importantly,

each DKB provider has its own
enumeration of “NDCs” embodied
in its mapping table. But each of
these is also incomplete. Indeed, no
complete enumeration of assigned
“NDCs” exists. Because of this, we
had to develop the operational defi
nition of invented codes described
below.
Sources of prescription data.
Inpatient samples. Sample inpatient
data were obtained from the five
Indianapolis hospital systems par
ticipating in the Indiana Network for
Patient Care (INPC).16 Each of the
five provided its inpatient master for
mulary file, which defines orderable
medications. Four also provided HL7
messages from their inpatient phar
macy system. One of these provided
HL7 “detailed financial transaction”
messages that used “NDCs” to iden
tify the prescribed medication. The
other three hospital systems provided
HL7 “pharmacy/treatment encoded
order” (RDE) messages—one using
“NDCs” and the other two using lo
cal service codes to identify the pre
scribed entity. In the latter two cases,
we mapped these service codes to the
“NDCs” in the respective hospital’s
formulary master file. Two of the
hospitals provided a one-week sam
ple and two provided a one-month
sample of pharmacy prescription
messages.
Outpatient samples. Outpatient
prescription sample data were ob
tained from three sources: (1) a sixmonth collection of NCPDP messag
es from a large standalone outpatient
pharmacy system associated with one
of the Indianapolis hospitals, (2) a sixmonth collection of HL7 “pharmacy/
treatment dispense” (RDS) outpa
tient prescription records delivered
to INPC by RxHub, and (3) 24 differ
ent outpatient formularies for health
insurance companies from across the
country provided by RxHub. The
“NDCs” from the 24 formularies
were aggregated into one database
and treated as a single source of
“NDCs.”
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Archival outpatient sample. All of
the sources used represent real con
tent from production systems. With
the data listed above, the problems
of mapping the identifiers in current
prescription records to a clinical drug
code could be assessed. The problems
an organization would face if it want
ed to extract long-term medication
histories from archival sources for
care or research were also assessed.
A list of all the “NDCs” contained in
a 12-year period in the Indiana State
Medicaid prescription database were
obtained for this purpose.
Of these 13 samples, 4 were ob
tained in the second half of 2005 and
9 in the first half of 2006; the small
est of these samples contained more
than 40,000 prescriptions, and the
largest contained 60 million.
DKB mapping tables. Mapping
tables were obtained from each of
four commercial DKBs: (1) First
DataBank National Drug Data File
Plus (First DataBank, Inc., San Bruno,
CA), (2) Medi-Span Master Drug
Data Base (Wolters Kluwer Health,
Inc., Conshohocken, PA), (3) Multum
Lexicon (Cerner Multum, Inc., Denver,
CO), and (4) Thomson Micromedex
Red Book (Thomson Corporation,
Greenwood Village, CO). These four
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DKBs are used widely in pharmacy
information systems and are listed
as knowledge base options in the
NCPDP database indicator field.17
Each of these vendors kindly pro
vided us with their core database
content at no cost for this study. Each
DKB supplier included its mappings
from over 100,000 current “NDCs”
to its own clinical drug codes. We
also obtained the RxNorm knowl
edge base, which the NLM makes
freely available to the public.
Unlike these five DKBs, the FDA
NDC directory currently does not
include a clinical drug coding sys
tem and is not directly comparable
to the other five. We included the
NDC directory (obtained from
FDA’s website) 8 in some of the
analyses to assess its coverage of
“NDCs” in common use. Table 1
provides information about the five
DKBs and the FDA directory used in
this study.
Prescribed supplies. Pharmacies
fill prescriptions for supplies (e.g.,
insulin syringes, glucose test strips,
gauze sponges) as well as for medi
cations. In pharmacy messages, the
codes for these supplies are treated in
the same way as the codes for medi
cations. In NCPDP messages, these

prescribed supplies are identified
by a UPC or NHRIC. The UPC or
NHRIC is recorded in the same slot
used to record “NDCs.” An addition
al field in the NCPDP message names
the coding system used, and a field is
available in HL7 to do the same. FDA
has reserved a separate block of la
beler segments for NHRICs, so these
will not overlap with official NDCs.
Neither the official NDC table nor
RxNorm carry such supply codes.
Within hospital-delivered HL7
messages, the prescribed product
identifier can be an “NDC” or a local
“service code.” Each hospital phar
macy has a master formulary, which
includes a record for each service
code that usually also carries the as
sociated “NDC.” Thus, if pharmacies
send only local service codes in their
messages, these codes can usually be
translated into “NDCs,” NHRICs, or
UPCs via their formulary table.
Preprocessing of source pre
scriptions. In the case of NCPDP
messages, the “NDC” was extracted
from the item number field of the
drug segment. In the case of HL7
RDE and RDS messages, the “NDC”
was extracted from the first compo
nent of field 2 in the RXE (encoding)
and RXD (dispensing) segments,

Table 1.

Drug Knowledge Bases Evaluated
Drug Knowledge Base
(Manufacturer)
NDC directory (Food and Drug
Administration)
Medi-Span Master Drug Data Base
(Wolters Kluwer Health)
Multum Lexicon (Cerner Multum)
National Drug Data File Plus
(First DataBank)
Micromedex Red Book
(Thomson Corporation)
RxNorm
(National Library of Medicine)

Contact Information
drls@cder.fda.gov
301-210-2840
medispan-support
@wolterskluwer.com
800-388-3884
info@multum.com
800-968-5886
inquiry@firstdatabank.com
800-633-3453
mdx.info@thomson.com
800-525-9083
rxnorminfo@nlm.nih.gov
888-346-3656

NDC = National Drug Code.
Numbers are not directly comparable. Please see the appendix for details of the calculation.

a

b
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Version
Evaluated

No. Distinct
NDCsa

No. Distinct
Clinical Drugsb

Jan 2006

122,117

Not available

Feb 2006

126,042

9,836

Feb 2006

113,221

8,383

Feb 2006

117,025

14,405

Feb 2006

181,113

13,801

Feb 2006

232,111

8,082
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respectively. In the case of the HL7
detailed financial transaction mes
sages, the “NDC” was extracted from
the first component of field 9 of the
financial transaction (FT1) segment.
All “NDCs” were converted to the
11-digit format before any matching
was performed.
All but one of the prescription
sources supplied a large sample of
prescription messages and their
master formulary table. The one in
patient service that provided us only
with a master formulary table did
not currently send HL7 messages. We
used the same preprocessing method
to analyze the contents of messages
and master formulary files.
A sample of messages from each
source was examined by hand. Dur
ing this examination, one of our
message sources was found to have
included a null value in the HL7 field
that carries the prescribed entity
identification (ID) number. The mes
sages with null ID numbers carried
clinical data (mostly creatinine clear
ance values as free text), a misuse of
the HL7, which is intended to carry
information about prescriptions.
We excluded these messages from all
calculations because they were easy
to distinguish and did not represent
prescriptions.
Locally invented codes. The in
stitutions in INPC sometime invent
their own local prescribed entity
codes and use them in the same
fields as “NDCs.” Many of the in
vented codes could be identified
during initial inspection of the
messages because their format was
incompatible with the format of an
“NDC.” Invented codes will not be
present in any DKBs and will not be
mappable by automatic means. An
operational definition for invented
codes was developed to quantify their
prevalence. A code was considered
invented if it (1) had more than 11
or fewer than 10 digits, (2) contained
alphabetic characters, (3) began with
a sequence of 5 identical digits (e.g.,
11111, 22222), or (4) began with the
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digits 991, as encountered at only one
hospital.
The first two criteria were based
on the format definitions of “NDCs,”
and the last two were based on an
empirical review of the source data
bases. This working definition was
tested by searching through the four
commercial DKBs, which contained
a combined total of 249,098 distinct
“NDCs.” Only two records were
found that would have met the defi
nition of invented codes.
Counting and calculations. For
noninvented “NDCs,” all unique
codes in a given message stream were
counted. For invented codes, unique
combinations of prescribed entity
name and code were counted, as a
review of the product names associ
ated with these codes showed that the
same invented code could be used
to identify many different products.
To determine the total number of
unique codes from a given source, the
number of unique noninvented codes
was added to the number of unique
invented code–name combinations.
We had originally assumed that the
first 9 digits of the “NDC” would be
the appropriate level for comparison,
because the last 2 digits of the “NDC”
are supposed to represent only the
package size (e.g., bottle of 100 cap
sules), which is irrelevant for most
clinical purposes. We assessed the
degree to which a given DKB covered
the “NDCs” from each of our sources
by using the leading 9 digits of the
“NDC” and by using all 11 digits. We
reported the 11-digit comparison
only, as we found several hundred
pairs of “NDCs” that differed only
by the last 2 digits but represented
quite different drugs. One such pair,
selected at random, is 00686-0360-10
(ipecac syrup) and 00686-0360-67
(digoxin elixir); another such pair is
55289-0033-28 (ampicillin capsule)
and 55289-0033-97 (prochlorpera
zine tablet). Apparently, labelers and
manufacturers sometimes use the
last 2 digits to distinguish ingredients
rather than package size. Using 9

digits did not increase the coverage
of any DKB by more than 1 or 2 per
centage points. The appendix pro
vides the details of how clinical drug
codes in the DKBs were counted.
Deidentification and institution
al review board approval. This study
was conducted using nonpatient
data from master formularies and
deidentified portions of prescription
messages. Approval for the study was
obtained from Indiana University’s
institutional review board.
Results and discussion
Codes in the DKB tables. The
number of unique “NDCs” con
tained in the mapping tables from
DKB providers (the four commer
cial DKBs and NLM) ranged from
113,221 to 232,111. The number of
distinct clinical drug codes in these
same tables ranged from 8,082 to
14,405 (Table 1). The differences in
the number of distinct drug codes are
due to differences among the rules
for distinguishing supplies from
medications across DKBs, the granu
larity at which some drugs (e.g.,
multivitamins) are represented, and
the inclusion of special content (e.g.,
allergy shots) in some DKBs and not
in others. Therefore, the numbers are
not directly comparable. Differences
in these numbers did not predict suc
cess in covering the product codes we
obtained from pharmacy sources.
Distribution of product codes
among all messages. The frequency
distribution of code use across
the total message volume is highly
skewed. Across all seven message
sources, a very small percentage of
the unique codes (1.4–4.4%) ac
counted for 50% of the total message
volume, and 10.7–34.5% accounted
for 90% of the message volume. The
thin tail of this skewed distribution
included large numbers of codes that
occurred just once among 40,000–66
million prescriptions. Across six of
the seven message sources, “NDCs”
that occurred just once in the pre
scription sets made up 9–18% of the
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unique codes but only 0.01–0.47%
of the total message volume (i.e.,
40,000–66 million prescriptions).
For the seventh source, the singleinstance codes comprised only 3%
of the unique codes. The skewing of
invented codes was even more severe
than that of the noninvented codes.
DKB coverage of unique product
codes found in messages and for
mularies. For completeness, the DKB
coverage of unique product codes in
formularies and prescription records
across all sources and DKBs is re
ported in Table 2.
The DKBs covered less than 95%
of the unique product codes in 12
of the 13 data sets listed in Table 2.
The coverage was much better for the
13th data set—the RxHub prescrip
tion messages. Two DKBs covered
nearly 98% and the other three DKBs
covered at least 94% of the unique
codes in the RxHub messages. Over
all, DKB coverage of unique codes
from inpatient sources was not as
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high as that from outpatient sources.
DKBs failed to cover 8.1–23.7% of
the unique codes in inpatient mes
sages and 4.4–13.3% of those in in
patient formularies.
A DKB did not cover a product
code for one of two reasons: (1) the
unrecognized code was invented by
a local institutional source and could
not be known by the DKB, or (2) the
unrecognized code is a valid “NDC”
that was not included in the DKB.
Invented codes comprised a small
percentage (≤1.6%) of the unique
codes from all but one outpatient
source (Table 3). One outpatient
source invented 20.7% of its unique
codes. Across the five inpatient for
mularies and four inpatient message
sources, invented codes comprised
1.6–12.3% and 7.5–22.9% of the
unique codes, respectively. By defini
tion, DKBs will not carry invented
codes in their mapping tables, so in
vented codes will always decrease the
rate of coverage.

DKB coverage of the total vol
ume of product codes. Coverage of
unique codes is a misleading assess
ment of DKB coverage because the
frequency distribution of product
codes in messages is highly skewed.
Using unique codes as the denomina
tor weights codes that identify 1 pre
scription in 1 million the same as those
that identify 20,000 prescriptions in 1
million. It is more appropriate to base
the assessment on total prescription
volume (i.e., counting the number of
prescriptions covered by a DKB and
dividing it by the total number of pre
scriptions from a given source).
In the outpatient setting, all DKBs
covered at least 93.0% of the total
prescription volume across all sourc
es (Table 4). In the case of hospital
E’s outpatient pharmacy, three DKBs
covered at least 97.6% and another
covered 99.6% of its total prescription
volume. Invented codes accounted for
only 0.21% of the total prescription
volume from this pharmacy, com-

Table 2.

Percentage of Unique Codes Identified in Drug Knowledge Bases (DKBs)a
Data Source
Outpatient Sources
Hospital E pharmacy messages (n = 2,834)
Medicaid archival records (n = 41,727)
RxHub
Formularies (n = 117,151)
Messages (n = 7,838)
Inpatient Sources
Hospital A
Formulary (n = 3,598)
Messages (n = 1,641)
Hospital B
Formulary (n = 2,317)
Messages (n = 1,716)
Hospital C
Formulary (n = 3,820)
Messages (n = 1,206)
Hospital D
Formulary (n = 2,905)
Messages (n = 3,439)
Hospital E formulary (n = 2,543)

FDAb

MDDB

MMSL

MMX

NDDF

RxNorm

Not Covered
in Any DKB

56.5
45.5

72.5
75.8

77.7
80.3

74.7
80.9

69.6
74.5

76.4
79.3

21.2
2.4

29.7
78.5

78.4
97.8

51.1
94.3

64.9
95.2

90.1
97.9

52.5
94.0

2.5
1.6

65.0
70.6

83.4
87.4

85.9
88.8

83.1
86.7

80.9
85.8

86.0
89.2

13.3
10.3

59.0
54.3

71.6
64.9

92.3
80.2

84.9
75.5

67.8
62.2

93.5
81.1

5.9
18.5

76.0
74.5

94.7
91.3

93.5
90.7

93.3
90.3

94.7
91.4

93.6
90.1

4.4
8.1

70.2
59.9
73.5

86.8
72.1
90.8

91.4
75.6
91.1

90.2
74.4
90.1

86.2
71.4
90.8

91.3
75.8
90.4

7.8
23.7
7.2

a
FDA = Food and Drug Administration, MDDB = Medi-Span Master Drug Data Base, MMSL = Multum Lexicon, MMX = Thomson Micromedex Red Book, NDDF = First
DataBank National Drug Data File. Prescription records and formularies from the same institution are listed as separate data sources.
b
Not literally a DKB but included for comparison purposes.
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Table 3.

Summary of Distinct Identifiers by Data Sourcea

Data Source

No. Unique
Codes

Outpatient Sources
Hospital E pharmacy messages
Medicaid archival records
RxHub
Formularies
Messages
Inpatient Sources
Hospital A
Formulary
Messages
Hospital B
Formulary
Messages
Hospital C
Formulary
Messages
Hospital D
Formulary
Messages
Hospital E formulary

% Invented
Codes

% Noninvented
NDCsb Not
Found in Any
DKBc

% Noninvented
NDCs Found in
≥1 DKB

2,834
41,727

20.7
0.01

0.42
2.4

78.9
97.6

117,151
7,838

0.48
1.6

2.0
0.01

97.5
98.4

3,598
1,641

12.3
9.6

0.92
0.67

86.8
89.7

2,317
1,716

1.6
16.0

4.2
2.6

94.2
81.4

3,820
1,206

4.1
7.5

0.31
0.66

95.6
91.8

2,905
3,439
2,543

6.8
22.9
6.2

1.0
0.73
0.94

92.2
76.4
92.9

The first data column gives the number of distinct codes. The remaining three data columns give the percentage breakdown of these distinct codes.
NDC = National Drug Code.
DKB = drug knowledge base.

a

b
c

Table 4.

Percentage of Total Medication Records Covered in Drug Knowledge Base (DKB) by Data Sourcea
Data Source
Outpatient Sources
Hospital E pharmacy messages (n = 464,404)
Medicaid archival records (n = 66,291,780)
RxHub messages (n = 304,855)
Inpatient Sources
Hospital A messages (n = 40,855)
Hospital B messages (n = 149,675)
Hospital C messages (n = 40,622)
Hospital D messages (n = 396,689)

Not Covered
in Any DKB

FDAb

MDDB

MMSL

MMX

NDDF

RxNorm

88.5
81.0
92.2

97.6
98.7
99.8

99.6
98.7
99.0

93.6
98.2
99.5

93.0
97.3
99.8

98.2
98.7
99.0

0.28
0.17
0.17

74.7
63.3
73.7
81.7

89.0
80.7
96.9
93.7

91.7
95.4
96.9
95.7

87.7
90.9
95.8
93.9

87.5
77.4
97.0
93.5

92.1
96.0
96.7
95.8

7.8
4.0
2.6
3.5

a
FDA = Food and Drug Administration, MDDB = Medi-Span Master Drug Data Base, MMSL = Multum Lexicon, MMX = Thomson Micromedex Red Book, NDDF = First
DataBank National Drug Data File.
b
Not literally a DKB but included for comparison purposes.

pared with 20.7% of the unique codes
in this data set (Table 5). In the case
of the RxHub prescription messages,
every DKB covered at least 99% of the
total prescription volume.
In the inpatient setting, the cover
age of the codes from any one source
by any one DKB was also better when

measured in terms of total prescrip
tion volume, from 77.4% to 97.0%
(median, 93.7%) for the 20 inpatient
source cells (Table 4). But the cover
age did not reach the heights of the
outpatient sources. The lower rate
of coverage in the inpatient setting
was partly due to the higher use of

invented codes (1.3–7.4% of the to
tal prescription volume) compared
with the outpatient setting. For each
data cell in Table 4, the number of
invented codes was divided by the
total number of noncovered codes.
For three of the four inpatient
sources, the invented codes explained
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Table 5.

Results of Evaluation Based on Total Prescription Messages or Records for Each Data Sourcea

Data Source
Outpatient Sources
Hospital E pharmacy messages
Medicaid archival records
RxHub messages
Inpatient Sources
Hospital A messages
Hospital B messages
Hospital C messages
Hospital D messages

Total No.
Records
464,404
66,291,780
304,855
40,855
149,675
40,622
396,689

% Noninvented
NDCs Not
Found in Any
DKB

% Noninvented
NDCs Found in
≥1 DKB

0.21
0.11
0.17

0.06
0.06
0.001

99.73
99.83
99.83

7.4
1.3
1.5
3.2

0.35
2.7
1.1
0.30

92.2
96.0
97.4
96.5

% Invented
Codes

a
The first data column gives the total number of prescription messages or records in each source. The remaining three data columns give the percentage breakdown
of the message volume.

36–94% of the DKBs noncoverage.
For the fourth inpatient source,
the invented codes accounted for a
smaller, but still important, percent
age of the noncoverage: 6–32%. The
remaining percentage of noncover
age in a given comparison was due
to gaps in “NDC” coverage within
the DKB.
Interestingly, RxNorm provided
the highest or second-highest cover
age of most sources. FDA’s published
“official” NDC directory usually had
the lowest coverage rate—a median
of 17.4% below that with the high
est coverage rate. The DKB with the
highest coverage rate for a given
source organization was some
times the DKB used by that source
organization. The DKB vendors
get feedback from their customers
about missing “NDCs” and add
them to their database product.
Over time, we would anticipate
most vendors to provide good
coverage of the “NDCs” that their
customers encounter.
Why are codes invented? To de
termine why organizations invent
codes, we hand reviewed records
containing invented codes. We found
that pharmacies invent codes to ac
commodate (1) locally compounded
medications, (2) drugs used in ran
domized controlled trials, (3) special
items (e.g., pig skin), and (4) phar
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macy actions not associated with a
dispensing event. Of course, official
NDCs do not cover any of these uses.
Pharmacies also invent codes to dis
pense a product that has not yet been
registered in their master formulary
file, even if that product already car
ries a valid official NDC assigned by
the manufacturer.
At one institution, compounded
dermatological products accounted
for over 315 unique invented codes.
At another, compounded i.v. admix
tures and medications accounted for
113 invented codes. Total parenteral
nutrition accounted for 4–8% of the
invented codes at hospitals that used
this code. One hospital invented 47
codes for as many clinical trials. Most
invented a few codes for identifying
pharmacy actions not associated with
the dispensing of any product (e.g.,
remove fentanyl patch, compound
ing fee, read tuberculin skin test). Al
though the number of distinct codes
in this category was small, the codes
tended to be frequently used. None
of the product codes categorized as
“invented” by our operational defi
nition appeared in any of the DKB
mapping tables, giving credence to
our definition.
Coverage of archival sources of
prescription information. To assess
the DKB coverage of archival pre
scription records, we examined one
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source of “old” prescription records:
the Indiana Medicaid database,
which contains records of 66 mil
lion dispensed prescriptions dated
from 1994 to 2006 and includes
41,727 unique “NDCs.” The stan
dard releases of the DKBs covered
74.5–80.9% of these unique “NDCs”
and 97.3–98.7% of the total volume
of the product codes in the Medicaid
database.
To serve the requirements of their
pharmacy customers, commercial
vendors include only active and re
cently inactivated “NDCs.” However,
most of them do keep the inactive
“NDCs” in their internal databases.
We obtained a custom database from
one of the DKBs that included all the
active and inactive “NDCs” from its
internal database. This more com
plete set of “NDCs” covered 95.0%
of unique Medicaid “NDCs” and
99.8% of the Medicaid prescription
volume.
Reuse of “NDCs.” Official NDCs
can be reused (i.e., reassigned to a
completely different product) five
years after the supplier has reported
their inactivation to FDA.18 Some
DKBs keep track of the discontinua
tion, reactivation, and reuse of these
codes. Based on the content of one
large DKB, labelers reuse codes in
frequently in practice, with 0.4% of
“NDCs” flagged as reused.
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Coverage of supplies. All of the
commercial DKBs contain com
monly prescribed supply items (e.g.,
cotton balls, alcohol swabs, insulin
syringes, home glucose test strips). A
system using one of these commer
cial databases can convert product
codes for supplies to a more general
DKB code, analogous to that DKB’s
clinical drug code, and convert all
prescribed items into a more clini
cally useful form. However, using the
definition of supplies provided by
one DKB, we found that only 2.1%
of the unique codes and 1.8% of the
prescription volume (from a com
bined data set consisting of all our
sample prescriptions) represented
supplies. At this time, RxNorm does
not include general supplies in its
database. This did not have much
influence on RxNorm’s coverage rate
due to the relatively low prevalence
of general supplies in prescriptions.
Summary and recommendations
The goal of this study was to as
sess the problems of converting
prescribed entity codes, as delivered
in HL7 and NCPDP pharmacy
messages, into clinical drug codes
as defined by DKB suppliers. This
conversion is just one step in the
process of aggregating prescription
records from many different sources.
But if the DKBs do not include the
product codes delivered in pharmacy
messages, this step will be the ratelimiting one.
In the case of outpatient pharma
cy records, DKBs did cover the codes
for prescribed entities well. The suc
cess with RxHub and Medicaid pre
scription coverage is notable because
both sources comprised data from
multiple pharmacy benefit manag
ers and hundreds of pharmacies.
The high outpatient coverage rate
was because outpatient pharmacies
rarely invent product codes (<0.21%
of the message volume) and because
DKBs tend to cover the commonly
prescribed outpatient “NDCs” well.
DKB coverage of inpatient medica
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tion messages was not as good as that
for comparable outpatient messages,
due in large part to the higher usage
rates of invented codes, up to 7.4% of
the total prescription volume at some
hospitals.
Based on our calculations, a clini
cal system that received prescription
messages from outpatient settings
could automatically map more than
99% of them to a clinical drug code
that would enable useful clinical
displays, decision support, perfor
mance measurement, and research.
For the few outpatient messages that
could not be mapped automatically
(<1%), the receiving system could
store them under one “miscellaneous
drug” code. The drug names of these
few could still be displayed under
that miscellaneous code for human
viewing, but these nonmapped pre
scriptions could not be used for the
analytic purposes described above. In
the matter of a few minutes per week,
receivers could choose to review the
unmapped codes as they accumulate
and manually map those that occur
frequently.
This same set of strategies could
also be applied to the inpatient set
ting. However, a greater proportion
of the received messages would not
be covered, so more orders (5–10%)
would be coded as “miscellaneous
drug” and proportionately more
codes would have to be reviewed to
reach the level of coverage available
in the outpatient setting. However,
nonmapped medications could still
be displayed to care providers by
name. It may not be as important
to have inpatient medications fully
coded for long-term care, because
most of the drugs would be retrieved
from outpatient sources.
Noncoverage can be attributable
to gaps in the chosen DKB’s coverage
or to the delivery of invented codes
by the source pharmacy. Receivers
can mitigate noncoverage by select
ing a DKB that covers the sources
of most interest to them. We under
stand that DKBs tend to fill in “NDC”

gaps that their customers experience,
so the proportion of noncoverage
due to DKB gaps is likely to be selfcorrecting. However, much of the
noncoverage, especially in the inpa
tient setting, is due to invented codes.
Changes in pharmacy processes and
pharmacy message standards could
reduce or eliminate most invented
codes. Inpatient pharmacies should
send the “NDC” for the main active
ingredient in the HL7 message—as
community pharmacies now do in
their NCPDP message—or use the
available HL7 mechanism consis
tently for delivering “NDCs” for all
ingredients. HL7 and NCPDP could
mitigate the problem with invented
codes for randomized trials, rare sup
plies, and nondispensing actions by
defining a field that identified these
special purpose codes as such.
The practice of dispensing medi
cations without registering them in
the pharmacy’s master formulary
accounts for a large share of the in
vented codes. This practice should
be discouraged, because pharmacy
safety checks cannot be applied to
drugs that have not been registered
in the pharmacy’s master formulary.
Also, hospital pharmacy systems tend
to load the “NDC” for a given clini
cal drug when they initially create a
formulary entry. They rarely change
this code, even when they get a new
supply of the same clinical drug with
a different “NDC.” However, this
practice will only have consequences
when the initially stored “NDC” is
retired from the DKB the systems
use and could be corrected when that
happens.
A better approach than mapping
at the receiver site would be map
ping at a central facility, such as an
RHIO. It would be even better for
prescription sources to identify the
medications within their prescrip
tion message via a universal clinical
drug code in addition to the “NDC.”
Such a solution would eliminate any
need for mapping and speak to the
2008 resolution from the American
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Society of Health-System Pharma
cists to explore “the potential ben
efits of supplementing or modifying
the National Drug Code with a
coding system that can be effectively
used across the medication-use
continuum.”19
In this context, the coverage of the
“NDCs” by RxNorm, the public-use
knowledge base, deserves comment.
Considering all of the DKBs, the
RxNorm mapping table provided
the best or second-best coverage
of “NDCs” from all but one of our
prescription sources. RxNorm is
nonproprietary and has been des
ignated by the federal Consolidated
Health Information committee as the
standard for the clinical drug code in
prescription messages.20 It could sup
ply the universal clinical drug codes
that we need.
FDA’s table of official NDCs
covered a smaller proportion of
the “NDCs” in our sample (range,
63.3–92.2%) compared with the
DKBs. This relatively low coverage
is because labelers generate new
“NDCs” as they need them and put
them into use, and the rest of the
industry (including DKB vendors)
adopt them before they get into
the FDA database. Delays in label
ers’ submissions to FDA21 and some
delay in the entry of submissions
into FDA’s database account for
most of the discrepancy. In August
2006, FDA proposed changes to
its regulations to eliminate these
discrepancies; provide a unique,
chemical structure-based identifier
for drug ingredients; and provide a
rich machine-readable source of in
formation about all drug products.22
Some of these changes have already
been adopted.23 The comparisons in
this report predate those changes, so
it is likely that the coverage of FDA’s
data has improved since the time of
this study.
Through collaboration with FDA,
NLM is deploying this drug infor
mation and cross-linking FDA’s
identifiers with RxNorm.24 The full
1752
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set of FDA proposals, when fully
implemented, will ensure that all
drug products have an official NDC
and will ease the process of mapping
official NDCs to clinical drug codes.
Since much of our data came
from Indianapolis hospitals, we can
not be certain that our results for
DKB coverage and invented codes
are generalizable to other parts of
the country. But the experience does
reach beyond one major city. The
Medicaid database included records
from the entire state of Indiana and
many hundreds of pharmacies, as
did the RxHub prescription sample.
Nearly 1.4% of the RxHub prescrip
tions came from outside of Indiana
(Majkowski K, RxHub, personal
communication, 2006 Mar 27). Fur
ther, Indiana is in the middle range
of drug use for all but one class of
medications (macrolides),25 so it
may be representative of other states.
Though the hospital pharmacy data
came from hospitals in Indianapolis
or collar counties, they represent a
broad spectrum of information from
five different hospitals and pharmacy
systems. Nonetheless, this is the first
report of its kind. More data are
needed that represent other parts of
the country to fully understand any
possible variation.
The mapping of incoming codes
to the more general clinical drug
code is one step in the process of
integrating prescription informa
tion from many outside sources in a
medical record system. Prescriptions
for the same patient from different
sources may have different patient
identifiers. The linking of these dis
parate identifiers is another required
step but is beyond the scope of this
article. However, this problem can
be solved through standard linkage
techniques if the prescription records
come with enough patient registra
tion information.26 It has been solved
by RxHub and by RHIOs, such as
INPC, for their targeted scope.
Receiving systems also need ma
chinery to aggregate the clinical drug
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to a higher level of categorization
and to enable decision support and
statistical analysis. For example,
amoxicillin 250-mg capsules can
be generalized to amoxicillin oral
preparations or further to penicil
lins or even further to antibiotics. All
of the commercial DKBs have built
data structures and hierarchies that
permit such aggregation. Indeed,
they carry rich content, including the
ingredients for each drug (important
for allergy checking) and definitions
of drug–drug, drug–test, drug–
diagnosis, and drug–food interac
tions. Most also include humanreadable information about the
drug, designed for physicians, phar
macists, patients, or all three groups,
depending on the source DKB. They
also feature attributes that facilitate
charging (e.g., average wholesale
prices). We did not obtain or exam
ine this information, so we cannot
comment on these capabilities, ex
cept to say that they are invaluable
for many drug-prescribing and
clinical care purposes and that the
DKB vendors differ in the specific
tools and services they provide.
For research and historical pur
poses, many groups will want to
incorporate archival prescription
records into their medical record
database, along with current medica
tions. To include such older prescrip
tions, the DKB vendor must be asked
to supply all of their old “NDCs” that
are not part of their standard data
base release.
The results of this study suggest
that a receiving system can automati
cally aggregate outpatient prescrip
tions from many sources and store
them under the clinical drug code of
an appropriate DKB. Because of the
maturity of standards for codes and
messages, medication records are
the most ripe for electronic sharing.
RHIOs, office practices, hospitals,
nursing homes, payers, and research
ers could all benefit from shared ac
cess to all of the medication records
of their patients.

Medication-Use technology

Conclusion
DKBs cover the product codes
used by outpatient sources sufficient
ly well to permit automatic mapping.
Changes in policies and standards
could increase coverage of product
codes used by inpatient sources.
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Appendix—Methods for counting
the unique clinical drugs in each drug
knowledge base (DKB)
RxNorm
This DKB includes 29,734 unique identifiers
of type “Semantic Clinical Drug.” We removed
11,295 deprecated codes that were marked as
“obsolete” in the “Suppress” field of the Concept
(RXNCONSO.RRF) file and another 10,357
codes that were not linked to any “NDC” in the
Attribute (RXNSAT.RRF) file. We obtained a
count of 8,082 unique RxNorm “Semantic Clini
cal Drugs.”
Medi-Span MDDB
This DKB includes 11,894 unique generic prod
uct identifiers (GPIs). We removed the 669 GPIs
in the “Medical Devices” category and the 1,389
GPIs in the “Chemicals” category to obtain a
total of the medications.
Thomson Micromedex Red Book
We began with all the 25-digit codes in the UltiMedex hierarchy. These codes define a polyhier
archy, so we focused on the last 10 digits of each
code, which uniquely identifies the drug name,
route, dose form, and strength, and squeezed out
duplicates to obtain the count of unique clinical
drug codes.
Multum Lexicon
We used the count of “main_multum_drug_
codes”—a unique identifier for each combi
nation of drug name, route, dose form, and
strength in this DKB.
First DataBank NDDF Plus
We started with the 20,301 clinical formulation
identifiers (“GCN_SEQNOs”). Then, we sub
tracted 2,165 identifiers with therapeutic class
“Supply,” 1,060 identifiers with therapeutic class
“Bulk Chemicals,” and 2,671 identifiers with a
null therapeutic class.
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