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Purpose. Best practices and guidance are provided for standardizing dosing 
instructions on prescription container labels of oral liquid medications by 
eliminating use of U.S. customary (household) units and adopting metric units 
universally, with the goal of decreasing the potential for error and improving 
safety and outcomes when patients and caregivers take and administer these 
medications.

Summary. Despite decades of best practice use of metric units in organized 
healthcare settings and advocacy by various professional societies, medica-
tion safety experts, and standards setting organizations, use of household 
units (e.g., teaspoon) on prescription container labeling instructions for oral li-
quid medications persists in community pharmacy settings. Five years after 
publication of the National Council for Prescription Drug Programs’ (NCPDP’s) 
original white paper advocating metric-only dosing, very few community phar-
macy companies appear to require oral liquid dosing instructions be presented 
in metric-only units (mL). Error-prone dosing designations contribute to medi-
cation errors and patient harm. Use of both multiple volumetric units (e.g., 
teaspoonsful, tablespoonsful) and multiple abbreviations for the same volu-
metric units (e.g., mL, cc, mls; tsp, TSP, t) increases the likelihood of dosing 
errors. Opportunities for error exist with each administration of an oral liquid 
medication and, unless coordinated with dispensing of appropriate oral dosing 
devices and optimal counseling, can result in use of household utensils (e.g., 
uncalibrated teaspoons) or discordantly marked devices that can further ex-
acerbate the risk of error. Since publication of NCPDP’s original white paper, 
new standards have been adopted governing official liquid volume representa-
tion, calibrated dosing devices, and e-prescribing software which support the 
elimination of non-metric units to reduce use of dosing practices that are error-
prone. In each case, U.S. customary (household) units have been eliminated in 
official standards and certification requirements. Therefore, use of non-metric 
units for oral dosing of liquid medications no longer is an acceptable practice.

Conclusion. Key factors contributing to dosing errors with oral liquid medications 
include use of multiple volumetric units and abbreviations; failure to institute pol-
icies and procedures that eliminate the use of non-metric (e.g., household) units 
and universally adopt metric-only dosing instructions in all settings; failure to co-
ordinate dosing instructions with dosing device markings, appropriate type (oral 
syringe versus cup), and optimal volumes (e.g., 1-, 5-, or 10-mL devices); failure to 
adequately counsel patients about appropriate measurement and administration 
of oral liquid medication doses; and use or error-prone practices such as missing 
leading zeros and elimination of trailing zeros in prescriptions and container labels. 
Adoption of this white paper’s recommendations will align dosing designations for 
oral liquid medications in all settings with current standards and attain universal 
metric-only practice.
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The purpose of this white papera is to 
provide recommendations and guid-

ance for standardizing the dosing des-
ignation (the amount and volumetric 
units) used on prescription container 
labels of oral liquid medications dis-
pensed from community pharmacies. 
The goal is to improve patient safety and 
outcomes by decreasing the potential for 
error when patients and caregivers take 
and administer these medications. To ac-
complish this, the white paper advocates 
harmonizing prescribing, transcribing, 
labeling, dispensing, and administering 
these medications in the community 
setting with the universal standard of 
metric dosing used in hospital and other 
healthcare settings, recommendations 
for over-the-counter (OTC) medica-
tions, and international standards of ex-
pressing volumetric measurement.

The audience for this white paper 
is all stakeholders who: dispense oral 
liquid prescription medication; re-
view, revise, or generate prescription 
container labels; develop, produce, de-
ploy, certify, or use pharmacy system 
software, prescribing software, or drug 
information content; design or manu-
facture oral liquid medication dosing 
devices; and/or educate healthcare 
professionals, patients, and caregivers 
on the appropriate use of oral liquid 
medications.

In September 2012, NCPDP hosted 
a stakeholder meeting involving 27 
participants representing a wide range 
of perspectives to discuss the possi-
bility of improving the standardization 
and consistency of dosing designa-
tions used on prescription container 
labels of oral liquid medications. This 
stakeholder meeting was catalyzed by 
the U.S. Centers for Disease Control 
and Prevention’s (CDC’s) PRevention 
of Overdoses and Treatment Errors 
in Children Taskforce (PROTECT) 
Initiative, a public-private partner-
ship, which has as one of its objectives 

to reduce the likelihood of patient and 
caregiver errors by standardizing dose 
designations of oral liquid medica-
tions. Based on the success of NCPDP’s 
previous efforts to promote patient 
safety through improving prescription 
container labels, this effort was as-
signed to a task group of the NCPDP 
Professional Pharmacy Services Work 
Group (WG10).

Dosing errors involving oral liquid 
medications administered by patients 
and caregivers in home settings have 
been a source of concern for many 
years. Of particular concern are medi-
cation errors involving young children, 
as they may be more susceptible to 
harm from measurement errors and 
overdoses. To administer most oral li-
quid medications, patients and care-
givers must rely on the container label 
dosing instructions to guide them in 
measuring out the proper dose with 
a dosing device. This additional step 
introduces numerous opportunities 
for error with each administration of 
an oral liquid medication and, unless 
coordinated with dispensing of ap-
propriate (e.g., type, volume and unit 
markings) oral dosing devices and op-
timal counseling of patients and care-
givers, can result in use of household 

utensils (e.g., uncalibrated teaspoons) 
or discordantly marked devices that 
can further exacerbate the risk of error.

Error-prone dosing designations 
contribute to medication errors and 
patient harm. The use of both mul-
tiple volumetric units (e.g., teaspoons
ful, tablespoonsful, droppersful) and 
multiple abbreviations for the same 
volumetric units (e.g., mL, cc, mls; 
tsp, TSP, t) increases the likelihood of 
dosing errors by healthcare profes-
sionals, patients, and caregivers. One 
of the most common dosing errors is 
a patient or caregiver confusing tea-
spoons and tablespoons, resulting in 
three-fold dosing errors. In addition, 
the use of teaspoons and tablespoons 
as units of measure on labels may en-
courage the inappropriate use of non-
calibrated household spoons for dosing 
medications.

Since publication of the original 
white paper, new standards have been 
adopted (e.g., from the United States 
Pharmacopeia [USP] and Office of 
the National Coordinator for Health 
Information Technology [ONC]) gover
ning official liquid volume represen-
tation, oral liquid dosing devices, and 
e-prescribing software which sup-
port the elimination of non-metric 
units, including on calibrated dosing 
devices, to reduce the use of dosing 
practices that are error-prone. In each 
case, U.S. customary (household) units 
have been eliminated in official stand-
ards and certification requirements. 
Therefore, use of non-metric units for 
oral dosing of liquid medications no 
longer is an acceptable practice.

The omission of leading zeros 
for decimal amounts less than one 
and the use of unnecessary trailing 
zeros after whole number or decimal 
amounts can lead to potentially more 
serious ten-fold dosing errors by pa-
tients or caregivers. Further, assuming 
a patient or caregiver does use a cali-
brated dosing device, there is another 
opportunity for administration error if 
the numeric graduations and units of 
measure on the device do not corres-
pond to the amounts and units of the 
container label dosing designation. 

KEY POINTS
	•	 Despite decades of best 

practice use of metric units in 
organized healthcare settings, 
use of household units on 
prescription container labeling 
instructions for oral liquids 
continues in community phar-
macy settings.

	•	 Error-prone dosing designa-
tions contribute to medication 
errors and patient harm.

	•	 Best practices and guidance are 
provided for universal standard-
ization of dosing instructions in 
metric units for oral liquid medi-
cations.

aThe original 2014 version 1.0 of this 
white paper was titled “NCPDP recom-
mendations and guidance for stand-
ardizing the dosing designations on 
prescription container labels of oral li-
quid medications.”
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Finally, the combination of multiple 
volumetric units and automation in 
some community pharmacy computer 
systems may facilitate dosing designa-
tion misinterpretations by healthcare 
professionals when translating a pre-
scription to a dosing designation on a 
container label.

This white paper outlines a concise 
set of recommendations and guidance 
that can be applied to the practices, 
systems, and procedures for processing 
electronic prescriptions; printing pre-
scription container labels; encouraging 
the use of appropriate dosing de-
vices for oral liquid medications; and 
educating healthcare professionals, pa-
tients, and caregivers.

The NCPDP Task Group Call to  
Action maps out roles for many 
stakeholders, but particularly relies 
on local and corporate pharmacy 
leadership to:

	•	 Adopt the recommendations in this 

white paper.

	•	 Communicate these recommenda-

tions as standards of practice in pol-

icies to all pharmacy staff.

	•	 Measure the performance of your or-

ganization in achieving these recom-

mendations and stress accountability 

across your organization for adhering 

to them.

	•	 Explore innovative patient-

centered communication and 

education initiatives that encourage 

pharmacist-to-patient education at 

the point of dispensing.

	•	 Facilitate communication by stake-

holders outside the community 

pharmacy system, including pre-

scribers, with a role in patient and 

healthcare professional education 

on using standardized metric-

only dosing designations and 

devices for prescribed oral liquid 

medications.

A stakeholder map identifies all the 
relevant stakeholders who need to 
play a role in adopting, commu-
nicating, adhering, and educating 
others regarding these best practice 
standards. The map outlines a call to 
action and identifies some of the chal-
lenges and opportunities for each 
stakeholder group.

Adoption of this white paper’s re-
commendations will standardize dosing  
designations for prescription container 
labels of oral liquid medications in the 
community setting with practice stand-
ards for metric dosing used in hospital 
and other healthcare facilities, recom-
mendations for OTC medications, 
and international standards of volu-
metric measurement to attain universal 
metric-only standard practice.

NCPDP calls on all the relevant 
stakeholders to support efforts to adopt, 
implement, and adhere to the recom-
mendations in this white paper, and 
to educate healthcare professionals, 

patients, and caregivers on how to ac-
curately measure and administer oral 
liquid medications.

1. AUDIENCE

The audience for this white paper 
includes all stakeholders who:

	•	 Dispense oral liquid prescription 

medication

	•	 Review, revise, or generate prescrip-

tion container labels

	•	 Develop, produce, deploy, use, or 

certify pharmacy system software

	•	 Develop, produce, deploy, use, or 

certify prescribing software

	•	 Develop, produce, deploy, or use 

drug information content

	•	 Design or manufacture oral drug 

dosing devices

	•	 Develop standards for prescription 

container labeling, official units 

of measure, and oral liquid dosing 

devices

	•	 Educate healthcare professionals, 

patients, and other caregivers on the 

appropriate administration of pre-

scribed oral liquid medications

2. PURPOSE, GOALS, AND 
KEY RECOMMENDATIONS

The purpose of this white paper 
is to provide recommendations and  
guidance for standardizing dosing 
designation (the amount and volu-
metric units) used on prescription 

NCPDP Recommendations for Standardizing the Dosing Designation on Prescription Container Labels for Oral 
Liquid Medications

1 Milliliter (mL) should be the universal standard unit of measure used on prescription container labels for oral  
liquid medications.

e-Prescribing software must not permit prescriber override for U.S. customary (household) units  
(e.g., teaspoon).

Pharmacy systems should only generate dosing instructions for oral liquids in metric units.

2 Dose amounts should always use leading zeros before the decimal point for amounts less than one and 
should not use trailing zeros after a decimal point on prescription container labels for oral liquid medications.

3 Dosing devices with numeric graduations and mL units that correspond to the prescription container labeling 
should be made easily and universally available such as including a device each time oral liquid prescription 
medications are dispensed.

Dosing devices should be of appropriate volume and graduated accuracy for the amount prescribed and 
should not use multiple units of measure (i.e., metric only, not metric plus household units).

For volumes up to 10 mL, oral syringes generally are the preferred dosing devices.
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container labels of oral liquid medi-
cations dispensed from community 
pharmacies.

The immediate goals of the recom-
mendations are to:

(1)	 Reduce variability in dosing designa-

tions on prescription container labels 

of oral liquid medications dispensed 

from community pharmacies by 

harmonizing the dosing designations 

with widely endorsed metric-only 

practice standards used in hospital 

and other healthcare facilities, recom-

mendations for OTC medications, and 

international standards of volumetric 

measurement to attain universal 

metric-only standard practice.

(2)	 Facilitate proper administration by 

patients and caregivers of oral liquid 

medications dispensed from commu-

nity pharmacies.

The ultimate goal of the recommenda-
tions is to improve patient safety and 
patient outcomes by decreasing the 
potential for overdoses, underdoses, 
and other errors when patients and 
caregivers measure and administer oral 
liquid prescription medications dis-
pensed from community pharmacies.

To meet these goals, NCPDP out-
lines below a set of recommendations 
and guidance that can be applied to 
practices, systems, and procedures 
for processing prescriptions; printing 
of prescription container labels; 
encouraging the use of appropriate 
dosing devices for oral liquid medica-
tions; and educating healthcare profes-
sionals, patients, and caregivers.

3. BACKGROUND

Despite decades of best practice use 
of metric units in organized healthcare 
settings and advocacy by various pro-
fessional societies (e.g., American 
Academy of Pediatrics [AAP], American 
Society of Health-System Pharmacists 
[ASHP]), medication safety experts 
(e.g., Institute for Safe Medication 
Practices [ISMP]), and standards set-
ting organizations (e.g., USP, the Joint 
Commission [TJC]), use of household 
units (e.g., teaspoon) on prescription 

container labeling instructions for oral 
liquid medications persists in commu-
nity pharmacy settings.

Five years after publication of 
its original white paper advocating 
metric-only dosing, an environmental 
scan completed by NCPDP in 2019 of 
31 chain pharmacy companies repre-
senting over 35,000 community stores 
revealed that only 2 chains (out of 
12 respondents) required oral liquid 
dosing instructions be presented in 
metric-only units (mL). While nearly 
half of responding chains indicated 
they recommended conversion to 
mL as a preferred practice, there re-
mained a reluctance to require such 
conversion as pharmacy policy. 
Instead, it often was left to each in-
dividual pharmacist’s judgment to 
decide whether to use household or 
metric units in the prescription dosing 
instructions.

Most chains did report a policy to 
provide an appropriate oral dosing de-
vice (e.g., oral syringe) with each pre-
scription dispensed, and to counsel 
the parent or caregiver on its proper 
use. Few reported using pharmacy in-
formation system software to auto-
matically default to mL dosing, and 
none reported implementing a staff 
performance measure on adoption of 
metric-only dosing instructions as a 
best practice.

Thus, there remains an ongoing 
need for broad-based adoption of re-
commended best practices for oral li-
quid dosing instructions. As this latest 
revision of NCPDP’s white paper on 
standardized dosing designations for 
oral liquid medications details, sub-
stantial evidence and national stand-
ards and policy have accumulated in 
further support of universal adoption 
of metric-only dosing in community 
pharmacies.

3.1 Why an NCPDP 
White Paper?

In September 2012, NCPDP hosted 
a stakeholder meeting involving 27 par-
ticipants representing a wide range of 
perspectivesb to discuss the possibility 
of improving the standardization and 

consistency of dosing designations (i.e., 
the amount to be given and the unit of 
measure to use) on prescription con-
tainer labels of oral liquid medications. 
This stakeholder meeting was catalyzed 
by the PROTECT Initiative,1 a public-
private partnership led by CDC, which 
seeks to reduce the likelihood of pedi-
atric medication overdoses and errors 
by healthcare professionals, patients, 
and caregivers.

NCPDP has previously played a key 
role in efforts to clarify information 
on the labels of prescription drugs. 
An NCPDP white paper on improving 
prescription container labels for 
medications containing acetamino-
phen2 has, along with subsequent 
implementation efforts by partner or-
ganizations, helped lead to the use 
of “acetaminophen” instead of the 
more confusing acronym “APAP” on 
the labels of hundreds of prescription 
products. NCPDP also has led the way 
in promoting a universal medication 
schedule (UMS) for use on prescrip-
tion medication labels, with a white 
paper recommending the removal 
of arcane notations, such as BID, or 
confusing instructions, such as “take 
1 tablet twice daily,” and substituting 
plain language, explicit instructions, 
such as “take 1 pill in the morning and 
take 1 pill in the evening.” 3

Based on the success of these 
previous NCPDP efforts to promote 
patient safety through improving pre-
scription container labels, NCPDP 
determined that best practices also 
could be developed to decrease the 
variability of dosing designations 

bParticipants included electronic drug 
database publishers, chain pharmacies, 
mail order pharmacies, drug distributors, 
community pharmacy system software 
vendors, drug manufacturers (McNeil 
Healthcare), government (US Food and 
Drug Administration [FDA] and Centers 
for Disease Control and Prevention 
[CDC]), and non-governmental organiza-
tions (American Society of Health-System 
Pharmacists [ASHP], Institute for Safe 
Medication Practices [ISMP], National 
Association of Boards of Pharmacy 
[NABP], National Association of Chain 
Drug Stores [NACDS], and United States 
Pharmacopeial Convention [USP])
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used for oral liquid medications. This 
effort was assigned to a task group of 
the NCPDP Professional Pharmacy 
Services Work Group (WG10), which 
published NCPDP Recommendations 
and Guidance for Standardizing the 
Dosing Designations on Prescription 

Container Labels of Oral Liquid 
Medications in 2014.

Since 2014, professional organiza-
tions, safety organizations, standards 
setting organizations, and federal health 
agencies have issued additional recom-
mendations supporting standardization 

of dosing designations, and new research 
has provided further best practice guid-
ance on the role of dosing designations 
and appropriately designed devices 
for oral liquid medication administra-
tion accuracy.4 Therefore, the NCPDP 
Professional Pharmacy Services Work 

Recommendations

1 Milliliter (mL) should be the universal standard unit of measure used on prescription container labels of 
oral liquid medications.

e-Prescribing software must not permit prescriber override for U.S. customary (household) units (e.g., 
teaspoon).

Pharmacy systems should only generate dosing instructions for oral liquids in metric units.

•  Metric units should be adopted as the standard units of measure. Non-metric and non-volumetric units of 
measure should not be used.

• � When the prescription Sig (signatura) contains dosing designations in mL, mL dosing instructions should be 
used on the prescription container label.

• � When the prescription Sig contains dosing designations in non-metric (e.g., U.S. customary or household 
units such as teaspoonful) or non-standard (e.g., dropperful) units, convert to only volumetric metric units 
(mL) for dosing instructions on the prescription container label.

• � When the prescription Sig contains dosing instructions in non-volumetric units (e.g., mg), convert the dosing 
instructions to mL, and use only mL dosing instructions on the prescription container label.

• � When dispensing non-standardized concentrations of extemporaneously prepared formulations, it is critical 
that caregivers be instructed carefully about the volume to administer since it may differ from instructions 
they received with previous formulations of the oral liquid. They should be instructed to follow the current 
dosing instructions to avoid inadvertent underdosing or overdosing.

• � The standard abbreviation “mL” should be used on the prescription container label. Other abbreviations for 
milliliter (e.g., mls, cc) should not be used. If use of mixed case is not possible (e.g., because of legacy soft-
ware limitations), lowercase (“ml”) or uppercase (“ML”) may be used while changes to the preferred “mL” are 
implemented.

• � Mnemonics, Sig codes, or any defaults used in computer systems to print prescription labels should produce 
dosing designations using mL.

• � e-Prescribing software should present prescribers with Sig options that apply metric volumetric units only 
and must not permit an option for prescribers to override metric with U.S. customary (household) units (e.g., 
teaspoon).

2 Dose amounts should always use leading zeros before a decimal point for amounts less than one and 
should not use trailing zeros after a decimal point on prescription container labels of oral liquid medi-
cations.

• � The dose designation on a prescription container label should be “0.5” mL, NOT “.5” mL.
• � The dose designation on a prescription container label should be “5” mL, NOT “5.0” mL. Do not use trailing 

zeros in the hundredths, or thousandths position (e.g., “2.5” mL NOT “2.50” mL or “2.500” mL) either.
• � Place adequate space between the dose and unit of measure (e.g., “5 mL” NOT “5mL”).

3 Dosing devices with numeric graduations and mL units that correspond to the prescription container la-
beling should be made easily and universally available such as including a device each time oral liquid 
prescription medications are dispensed.

Dosing devices should be of appropriate volume and graduated accuracy for the amount prescribed and 
should not use multiple units of measure (i.e., metric only not metric plus household).

For volumes up to 10 mL, oral syringes generally are the preferred dosing devices.

• � The standard abbreviation “mL” should be used on the dosing device to correspond with the prescription 
container label. 

• � Leading zeros before a decimal point should always be used on dosing devices and trailing zeros after a 
decimal point should never be used on dosing devices to correspond to the prescription container label.
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Group (WG10) reconvened a task group 
to provide updated recommendations.

3.2 Standardizing Dosing 
Designations on Prescription 
Container Labels of Oral 
Liquid Medications

While healthcare professionals 
usually measure and administer medi-
cations within healthcare facilities, it 
is up to patients or caregivers to ac-
curately measure and administer li-
quid medications outside of these 
settings. When patients or caregivers 
administer oral liquid medications, the 
dosing designations on the medication 
container labels and consistency with 
accompanying dosing devices are par-
ticularly important because container 
labels often provide the only instruc-
tions they use when administering 
medications.

For many decades, ASHP and other 
practice organizations (e.g., American 
Health Care Association [AHCA], 
American Pharmacists Association 
[APhA]) have recommended the use 
of metric units and metrically marked 
dosing devices for the measurement and 
administration of oral liquid medica-
tions in healthcare settings.5-9 Confusion 
and resultant medication errors (e.g., 
unit conversions) from multiple systems 
of measure was the principal rationale 
for the recommended use of metric units 
in the healthcare setting. In fact, in some 
studies, most dosing errors were associ-
ated with administration of wrong doses 
of liquid medications.

TJC also has required the healthcare 
settings it accredits to standardize 
dosing designations in order to reduce 
medication administration errors.10-11 
Other organizations, including ISMP12-18 
and the National Coordinating Council 
for Medication Error Reporting and 
Prevention (NCC-MERP)9,19 have sup-
ported using the same or similar recom-
mendations in all healthcare settings.

Beginning in 2011, a series of ini-
tiatives have focused on reducing 
medication administration errors 
outside of healthcare facilities, when 
OTC oral liquid medications are used. 
A  Consumer Healthcare Products 

Association (CHPA) guideline20-21 and 
U.S. Food and Drug Administration 
(FDA) guidances for industry22-24 
have provided recommendations for 
standardization and consistency in 
medication dosing designations for 
OTC product labels and dosing de-
vices and recommended dosing de-
vices be included with every liquid 
OTC product.

A recent study of the most com-
monly used pediatric OTC liquid medi-
cations demonstrated that just 2  years 
after these voluntary standards were 
finalized, 91% of dosing directions 
and 62% of dosing devices adhered 
to all top-tier recommendations, sug-
gesting that voluntary initiatives can 
promote adherence to safety recom-
mendations.25 Universal adoption rates 
are the goal for prescription oral liquid 
medications.

3.3 Efforts to Move from 
Standardized Dosing 
Designations to Metric-only 
Dosing Designations

3.3.1 Commercial container 
labels

In 2013, FDA released a draft 
guidance for industry on safety con-
siderations for commercial container 
labels and carton labeling design 
to minimize medication errors.26 
This guidance includes details for 
standardization and consistency of 
dosing designations for commer-
cial containers and carton labeling 
of prescription drug and biological 
products. It states the dose should ap-
pear in metric units of measure rather 
than apothecary or U.S.  customary 
(household) measurements (e.g., tea-
spoon or tablespoon), but does not 
specifically address those containers 
or cartons dispensed from commu-
nity pharmacies.26 In 2015, the AAP 
Committee on Drugs recommended 
pharmaceutical manufacturers elim-
inate labeling dosing instructions 
and dosing devices that contain units 
other than metric.27 Similarly, official 
actions by USP28-30 and guidance from 
CHPA20,21 have directed or recom-
mended manufacturers eliminate 

non-metric dosing, labeling, and ad-
ministration devices.

While some medications are dis-
pensed from community pharmacies in 
the original carton or container, many, 
if not most, are dispensed from com-
munity pharmacies in other containers 
filled by the pharmacy. In addition, 
even when medications are dispensed 
in the original container or carton, 
labels created in the community phar-
macy with dosing directions that are or-
dered for the specific patient are added 
and may differ in units of measure and 
other dosing instructions as well as with 
markings on any accompanying dosing 
device provided by the manufacturer.

3.3.2 Over-the-counter products 
In 2014, CHPA updated their OTC 

product guidance to clarify that stand-
ardized dosing directions should spe-
cifically use milliliter (mL) as the only 
unit of measure in the dosing directions 
and the included standardized dosing 
device should use mL as the only unit 
of measure.21

To address the specific problem 
of liver toxicity from acetaminophen 
dosing errors, in 2015, FDA released 
a guidance for industry for OTC 
pediatric oral liquid drug products 
containing acetaminophen which re-
commends the dosing directions in 
the Drug Facts label should be pro-
vided only in mL.31

3.3.3 Electronic health records 
(EHR)/e-prescribing 

Because more and more community 
prescriptions are ordered by electronic 
transmission of prescriptions from the 
prescriber to the community pharmacy 
(e-prescribing), in 2013, AAP issued a 
policy statement outlining safe practices 
for e-prescribing which recommended 
using metric-only label instructions for 
medication dosing designations trans-
mitted to community pharmacies.32 
AAP further recommended in 2015 that 
electronic health record (EHR) vendors 
use metric units for orally administered 
liquid medications and eliminate the 
option of prescribers to order using non-
mL-based dosing regimens.27
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In 2015, ONC issued the 2015 Edition 
Health Information Technology (Health 
IT) Certification Criteria.33 These certifi-
cation criteria are required to determine 
EHR eligibility under Medicare EHR 
Incentive Programs. ONC added a cer-
tification criterion that limits the user’s 
ability to prescribe oral liquid medi-
cation to only metric standard units of 
mL (Charles D, Office of the National 
Coordinator for Health Information 
Technology, personal communication; 
July 2, 2020).33 Further, ONC clarified 
that this criterion requires prescribers 
must only be presented with Sig op-
tions for oral liquid medications that 
apply metric units and must preclude 
prescriber override that would apply 
U.S.  customary (household) units in-
stead (Charles D, Office of the National 
Coordinator for Health Information 
Technology, personal communication; 
July 2, 2020). In addition, this criterion 
would preclude the substitution of cc for 
mL.33 Thus, along with federal partners 
(including FDA and CDC), ONC now en-
courages pharmacies to ensure prescrip-
tion container labels maintain the metric 
standard for dosing instructions (Charles 
D, Office of the National Coordinator for 
Health Information Technology, per-
sonal communication; July 2, 2020).33

In 2018, ASHP recommended the 
U.S.  healthcare system adopt and only 
use the International System of Units 
(SI units), which would apply metric 
(e.g., mL) dosing units, for all patient- 
and medication-related measurements 
and calculations, and healthcare organ-
izations use clinical decision support 
systems, equipment, and devices that 
allow input and display of patient- and 
medication-related measurements and 
calculations in SI format only.34 Further, 
ASHP recommended health information 
technology vendors use only SI units in 
their product designs for patient- and 
medication-related measurements and 
education in the use of SI units and the 
importance of using SI units to prevent 
medical errors be promoted.34

In 2019, the American Medical 
Association (AMA) updated their policy 
on e-prescribing to now encourage 
healthcare stakeholders to improve their 

electronic prescribing practices in mean-
ingful ways that will increase patient 
safety, reduce medication errors, improve 
quality care, and reduce administrative 
burden associated with e-prescribing 
processes and requirements.35 AMA re-
commended prioritized adoption of 
features like structured and codified Sig 
that help address quality issues and that 
e-prescribing be designated as the de-
fault prescription method.35 As a result, 
AMA supports sending mL-only as the 
volume value in e-prescriptions for oral 
liquids and eliminating non-metric units 
like teaspoon and tablespoon.35-36

3.3.4 Pediatric prescribing
In 2015, the AAP Committee on 

Drugs expanded their 2013 recom-
mendation beyond e-prescribing and 
devoted an entire Academy policy 
statement to designate metric units 
as the exclusive dosing unit for all or-
ally administered liquid medications.27 
Whether prescriptions are transmitted 
electronically or not, AAP now recom-
mends oral liquid medications should 
be dosed exclusively using metric-based 
dosing with mL to avoid confusion and 
dosing errors associated with common 
household spoons.27 The AAP policy 
statement also recommends pediatri-
cians review mL-based dosing with pa-
tients and families to ensure adequate 
health literacy for metric dosing units; 
pharmacies, hospitals, and health cen-
ters should distribute dosing devices, 
preferably oral syringes, with all orally 
administered liquid medications; and 
devices should not be substantially 
larger than the recommended dose to 
reduce the risk of multi-fold overdose.27

The American Academy of Family 
Physicians (AAFP) also recommends 
oral dosing of liquid medications be 
standardized using mL to avoid unin-
tended dosing errors in children.37

As early as 1975, AAP was warning 
about the inaccuracies and incon-
sistent volumes that were being admin-
istered when teaspoons, particularly 
household spoons, were being used to 
deliver oral liquid medication doses.38 
AAP acknowledged while pediatricians 
took great care in accurately calculating 

medication doses for their patients, 
they often overlooked the important 
processes of accurately measuring and 
administering the doses by parents 
and caregivers.38 They further acknow-
ledged the advantages gained by using 
liquid products in children were often 
lost because of the inaccuracy of the 
devices used to measure the doses.38 
One important innovation AAP ac-
knowledged at the time was the advent 
of oral syringes as a more precise alter-
native to measuring spoons and cups, 
lamenting however that the syringes 
principally were available only in hos-
pitals and not for widespread use in 
the home.27,38 As described later, oral 
syringes now are widely available for 
home use and are the preferred dosing 
devices with oral liquid medications.

3.4 Application to Community 
Pharmacy Practice

This white paper seeks to align re-
commendations for portraying dosing 
designations on the prescription con-
tainer label of oral liquid medications 
dispensed from community phar-
macies with existing universal stand-
ards for inpatient pharmacy settings, 
for OTC medications, for commer-
cial container and carton labeling, for 
e-prescribing, and with the latest evi-
dence from medication safety research.

4. RATIONALE FOR KEY 
RECOMMENDATIONS

4.1 Recommendation 1: Milliliter 
(mL) should be the universal standard 
unit of measure used on prescription 
container labels of oral liquid 
medications. e-Prescribing software 
must not permit prescriber override for 
U.S. customary (household) units (e.g., 
teaspoon). Pharmacy systems should 
only generate dosing instructions for 
oral liquids in metric units. 

4.1.1 The need to measure oral 
liquid medication volumes makes 
accurate use more challenging 
than for solid medications 

Using oral liquid prescription medi-
cations is more complicated than using 
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solid medication dosage forms.27,38,39 
Unlike oral solid dosage forms, most 
liquid medications generally are not 
packaged in unit-of-use containers or 
dosing units. Oral liquid medications 
typically must be measured by a patient 
or caregiver at every administration. 
This additional step requires further 
manipulation of the product and intro-
duces opportunities for error.27,38-41

Healthcare professionals often rely 
on liquid formulations when prescribing 
medications for young children.27,32,38 
Because of their small body mass, young 
children may be more susceptible to 
harm from measurement errors leading 
to overdoses and underdoses.27,39,42 In 
any given week in the U.S., over half 
of children younger than 12  years of 
age receive at least one medication, 
including 20% taking at least one pre-
scription medication.42 This high rate of 
medication use in children indicates the 
importance of addressing the issue of 
dosing errors, including caregiver medi-
cation administration errors.

There also is some evidence that 
Hispanic parents may be more likely to 
perform dosing errors with oral liquid 
medications, particularly those with 
limited health literacy and/or limited 
English proficiency.41 However, des-
pite such challenges, parents generally 
perform better with metric-only dosing 
devices, particularly with oral syringes 
compared with cups, and promoting 
the use of oral syringes (especially for 
smaller doses) is recommended as part 
of a comprehensive pediatric labeling 
and dosing strategy aimed at reducing 
medication errors in children.27,43

4.1.2 The use of multiple volu-
metric measures contributes to 
oral liquid medication dosing 
errors 

While essentially all solid dosage 
form medications have been measured 
in metric units (e.g., mg for milligrams) 
for decades, dosing designations for oral 
liquid medications still use, and patients 
and caregivers are still instructed to ad-
minister medications using, a variety of 
U.S.  customary (household) units (tea-
spoons, tablespoons), non-standard 

units (droppersful), apothecary units 
(drams), other non-metric units (e.g., 
ounces), and metric units (mL).13-16,22,44-46  
The use of non-standard metric abbre-
viations or terminology unfamiliar to 
parents and other caregivers, such as 
cubic centimeters (cc), creates an add-
itional potential source of confusion. 
Patients and caregivers can be further 
confused when provided oral dosing 
devices bearing markings that are in-
consistent with the labeled dosage in-
structions.22 Such confusion in oral 
liquid medication dose measurements 
and instructions can lead to poten-
tially fatal medication dosing errors, 
particularly when converting from one 
unit of measure to another (e.g., from 
household to metric units, from mg to 
mL).15-16,24,26,39,47,48

Because of the long-standing trad-
itional use of customary (household) 
units (e.g., teaspoons) to express doses 
of oral liquid medications in commu-
nity settings, healthcare practitioners 
have been conditioned to anticipate 
dosing instructions to be expressed 
in teaspoons or occasionally table-
spoons.13 As a result, a prescriber may 
unintentionally write a prescription in 
teaspoons when a number of mL was 
intended or a pharmacist or pharmacy 
technician may accidentally input pre-
scription container label instructions in 
teaspoons when mL was intended.13

The use of multiple volumetric 
measures increases the likelihood of 
multifold dosing errors by patients, 
caregivers, and healthcare profes-
sionals.22 For example, a hurried pre-
scriber or pharmacist who switches 
mL and teaspoon may mistakenly pre-
scribe or dispense a five-fold overdose 
or underdose. A caregiver who confuses 
teaspoon and tablespoon can acciden-
tally administer a three-fold overdose 
or underdose.

During pharmacy dispensing, nu-
merous cases have been reported of 
errors involving multiple volumetric 
measures, most frequently due to a 
prescriber’s order being changed from 
an mL dose to a teaspoon dose.13,49 
The design of some community phar-
macy computer systems may facilitate 

confusion involving multiple volumetric 
measures.13 For efficiency, some phar-
macy computer systems may default to 
a dose expressed in teaspoon amounts 
in the directions when oral liquids are 
selected.13 (Some prescribing systems 
may default to teaspoons as well.)13 If this 
happens when an mL dose is intended, 
pharmacists and pharmacy technicians 
may not remember to change the in-
structions for the container label back 
to mL when teaspoons automatically 
appear.13 Distractions and confirm-
ation bias will most likely contribute to 
pharmacy personnel and prescribers 
forgetting to change the dosing designa-
tions from these error-prone default set-
tings.13 Such mix-ups can result in either 
underdoses or overdoses, which often 
are serious and can be fatal.13

Sometimes these errors occur when 
community pharmacy staff believe it is 
helpful to “translate” prescription liquid 
dosing instructions for patients from 
metric (e.g., mL) to household measures 
(e.g., teaspoon). For example, when the 
pharmacy receives a prescription with 
dosing in mL, staff may intentionally 
change it to teaspoon dosing or list both 
teaspoonful and mL (in parentheses) on 
the pharmacy label, believing most pa-
tients and caregivers are more familiar 
with household measures than metric 
dosing. However, adding such conver-
sions between units increases the like-
lihood of a dispensing error. Also, as 
more oral dosing devices display an mL 
scale exclusively, providing dosing in-
structions in teaspoons, or listing both 
teaspoons and mL on labels, will cease 
to be helpful to patients and will instead 
lead to mismatches between dosing 
instructions and dosing devices, con-
tributing to home medication adminis-
tration errors.27,50

When oral liquid medications are 
administered in home settings, volu-
metric measure confusion by parents 
and other caregivers has been a source 
of concern for ISMP, FDA, and other 
safe medication use experts for many 
years.13-17,22,24,26-27,32,38-43,45,51 From 2008 
through 2014, an average of 7,900 calls 
were made each year to U.S.  poison 
control centers because of confusion 
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around units of measurement when 
giving medicine to children 12  years 
of age or younger. Since 2014, how-
ever, both the number of calls because 
of unit confusion and the proportion 
of all calls for therapeutic errors due 
to unit confusion have declined. By 
2018, the number of calls because of 
confusion around units of measure-
ment declined to 5,500 calls involving 
medicine given to children 12 years of 
age or younger.52-63 Volumetric dosing 
errors and use of incorrect dosing de-
livery devices are common sources of 
preventable medication errors in chil-
dren,15-16,27,39 particularly in children 
5  years of age or younger.52-63 Errors 
attributed to confusion around units 
of measure have been associated with 
sometimes severe adverse events in 
young children.15-16,39,64

ISMP has reported over 50 cases, 
sometimes serious, in which confusion 
with units of measure has led to errors, 
primarily attributed to transcription/
dispensing errors.13-16,51,65

Example: A pharmacist acciden-
tally put on a child’s prescription 
container label that the child 
should be given 3.5 teaspoons 
of an antibiotic instead of the 
3.5  mL that the doctor had or-
dered, resulting in adminis-
tration of a 5-fold overdose for 
3 days.13,51

Example: A pharmacist typed out 
instructions on the prescription 
container label as “take 4 cc (4/5 
teaspoon) three times a day.” 
The parents of the child did not 
understand the term “cc” and 
mistook the slash mark to mean 
4.5 teaspoons. The child was 
given 4.5 teaspoons three times 
daily, almost five times more 
than intended.65

4.1.3 Parents measure liquids 
more accurately using mL 

Although prescribers and phar-
macists may assume parents and 
other caregivers are uncomfortable 
dosing with mL, and have difficulty 

administering liquid medications ac-
curately using mL, several recent 
studies indicate these are highly likely 
to be false assumptions.27,43,66-68 To the 
contrary, there is evidence parents 
are in fact less likely to make dosing 
errors using mL-only dosing compared 
with teaspoon- or tablespoon-based 
dosing.27,43,66-68 In addition, these studies 
have shown more precise dosing can be 
achieved with oral syringes than with 
dosing cups or spoons27,67,69-71 and, when 
faced with prescription container la-
beling instructions that are in teaspoons 
or tsp, parents are more likely to choose 
inaccurate uncalibrated spoons.40

One study of parents whose children 
were prescribed liquid medications 
in the emergency department setting 
found that parents who reported their 
dose in mL were not only more likely to 
use a standardized dosing device over 
a household spoon, but also had half 
the odds of making a dosing error.69 In 
another study where parents were ran-
domly assigned to receive labels and 
dosing devices with ‘mL’-only or both 
‘mL’ and ‘tsp’ units, parents who had 
‘mL’-only labels and dosing devices 
had less than half the odds of making 
a two-fold dosing error compared with 
those who used labels and devices that 
included both units.67

While there has been limited study 
of parent experiences and perceptions 
of mL-only dosing, a recent study of 
parents seen in 3 urban pediatric clinics 
(where over two-thirds of parents had 
limited health literacy) found over 80% 
had prior mL-dosing experience, and 
over 80% perceived mL-only dosing to 
be easy.68

4.1.4 Milliliter (mL) has been en-
dorsed as the standard unit of 
measure for oral liquid medica-
tions by many professional and 
patient safety organizations 

TJC has required the healthcare 
settings it accredits (e.g., hospitals, 
long-term care facilities, rehabilitation 
centers, ambulatory clinics) to stand-
ardize dosing designations in order 
to reduce medication administration 
errors and has suggested organizations 

avoid apothecary units (e.g., dram), 
using metric units instead, and also 
avoid non-standard abbreviations 
(e.g., do not use cc; mL is preferred).10,11 
Based on reports of errors and patient 
harm, ISMP,13-14,17,48 NCC-MERP,9 and 
ASHP6-9,11,47 have issued or endorsed 
recommendations to only use metric 
units (mL) in all settings. Other patient 
safety, professional, and standards set-
ting organizations that have endorsed 
recommendations to use only metric 
units in all clinical settings include 
APhA,6,72 AAP,27,32 AAFP,37 AMA,35,72 and 
ONC (Charles D, Office of the National 
Coordinator for Health Information 
Technology, personal communication; 
July 2, 2020).33 (eAppendix A)

USP adopted the use of metric units 
as a standard almost 40 years ago.c USP 
has published standards stating pre-
scriptions for medications should be 
written to state the quantity and/or 
strength of the medication in metric 
units unless otherwise indicated in 
an individual monograph.73 USP also 
states if an amount of a medication 
is prescribed by any other system of 
measure, only the metric equivalent 
amount should be dispensed and la-
beled accordingly.73

In April 2010, USP deleted its 
General Chapter <1221> on the tea-
spoon, which defined the volumetric 
unit of measure for teaspoon based on 
the American Standard Teaspoon to 
be regarded as representing 5 mL; this 
chapter deletion eliminated teaspoon 
as an official alternative to metric units 
in dosing.74,75 Even when the teaspoon 
was a recognized unit of measure by 
USP, it warned about the risks of in-
accurate measurement associated with 

cThe USP-NF adopted the use of metric 
units as a standard as expressed in the 
International System of Units (SI) as es-
tablished and revised by the Conference 
generale des poid et measures almost 
40  years ago. The convention includes 
milliliter (mL) as a standard metric unit. 
The convention has been incorpor-
ated into standards for prescribing and 
dispensing that state that compendial art-
icles (drug/drug product) must be written 
to state the quantity and/or strength de-
sired in metric units.
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household units and advised a house-
hold spoon was not an acceptable alter-
native to a calibrated teaspoon.74,75

The most recent update to USP 
General Chapter <659>, which became 
effective in May 2019, removed tea-
spoon as an official unit of measure as 
a component of drug packaging.28-29,75 
One important consequence of this 
latter retirement of official status for 
the teaspoon as a unit of measure is 
that pharmaceutical manufacturers 
must now adopt mL and eliminate tea-
spoon in packaging and accompanying 
manufacturer-provided dosing de-
vices (defined by USP as an “associated 
packaging component”).28-29,75

ONC also recently addressed safety 
issues associated with non-metric dosing 
of oral liquid medications (Charles D, 
Office of the National Coordinator for 
Health Information Technology, per-
sonal communication; July 2, 2020).33 
The ONC EHR certification now requires 
e-prescribing software present Sig options 
to prescribers that apply metric units 
(e.g., mL) only and must not permit pre-
scriber override to use household units 
(e.g., teaspoon) instead (Charles D, Office 
of the National Coordinator for Health 
Information Technology, personal com-
munication; July 2, 2020).33 This change 
was implemented to support more pre-
cise prescription dosing and thus reduce 
dosing errors and improve patient out-
comes and aligns with other federal part-
ners (including FDA and CDC).33

ISMP recommends all electronic 
communication of medication infor-
mation (e.g., EHR, e-prescribing) use 
metric-only units and USP abbrevi-
ations (e.g., mL; never cc or plural-
ized forms like mLs) and never use 
apothecary units or abbreviations (e.g., 
drams, minims, ounces) or household 
units (e.g., teaspoons, tablespoons).48 
AMA also recommends against the use 
of apothecary units and symbols.76

4.1.5 Community pharmacy prac-
tices may decrease use of milli-
liter units 

Unfortunately, changes made in the 
volumetric units during community 

pharmacy dispensing may decrease the 
use of mL on the prescription container 
labeling. In a study of liquid medica-
tions dispensed to children 12  years 
of age or younger from 4 community 
pharmacies, the vast majority (68%) 
of instructions were prescribed using 
mL, while only 24% were prescribed 
using teaspoon and 7% using other 
units (e.g., mg, cc, “dose”).45 When the 
corresponding container labels were 
examined, 62% used mL and 29% used 
teaspoon, suggesting that at least 5% of 
prescriptions were switched from mL to 
teaspoons.45 Overall, 25% of dispensed 
pharmacy labels differed from the pre-
scribed unit instructions.45

In a second study involving liquid 
medications prescribed to children 
8 years of age or younger in the emer-
gency department and filled in com-
munity pharmacies, over a third of the 
labels did not include the same units 
as the prescription.66 Of prescriptions 
written in mL-only, 42% of pharmacy-
generated labels matched the pre-
scription and provided instructions in 
mL-only, whereas 50% of pharmacy-
generated labels translated the in-
structions into teaspoon only and the 
remainder provided both mL and tea-
spoon units.66 Parents who used tea-
spoon or tablespoon dosing had twice 
the odds of a dosing error compared 
with those who used mL dosing.66

4.2 Recommendation  2: Dose 
amounts should always use leading 
zeros before a decimal point and 
should not use trailing zeros after 
a decimal point on prescription 
container labels of oral liquid 
medication.

4.2.1 How amounts are expressed 
can cause significant overdoses

Error-prone methods of expressing 
doses have contributed to medication 
errors and patient harm.7-8,11-12,22-24,26-27,77,78  
The inclusion of a decimal point and 
trailing zero for whole number doses (e.g., 
5.0 instead of 5) and the failure to include 
a zero before the decimal point for doses 
less than a whole unit (e.g., .5 instead 

of 0.5) have resulted in 10-fold dosing 
errors. Such errors can be fatal.12,73,79

Example: A 9-month-old girl tra-
gically died following a 10-fold 
overdose of morphine. The 
baby’s physician wrote an order, 
without the use of a leading zero, 
for morphine “.5  mg.” However, 
the decimal point was missed, 
and the order misinterpreted. 
Two 5-mg doses were adminis-
tered to the baby.80

4.2.2 Existing healthcare stand-
ards recommend dose designa-
tions always use leading zeros 
and never use trailing zeros 

TJC’s Information Management 
Standard IM.02.02.01 requires ac-
credited organizations to adhere to 
TJC’s official “Do Not Use” list.10-11,45 
This list dictates that when the amount 
of medication is a whole number, the 
amount should never be designated 
with a trailing zero (e.g., express as 5 not 
5.0).10-11,65 If the amount of medication 
is less than 1, the amount should always 
include a leading zero (e.g., express as 
0.5 not .5).10-11,65 USP has published 
similar standards when expressing the 
active ingredients of drug products.81

In addition, ISMP, FDA, ASHP, 
NCC-MERP, APhA, AAP, USP, ONC, 
American College of Obstetricians and 
Gynecologists (ACOG), World Health 
Organization (WHO), and others 
(eAppendix B) have issued statements 
or endorsed recommendations to use 
leading zeros and eliminate trailing 
zeros in dose designations in all set-
tings.9-10,12,19,22,26-27,33,48,77,82-84 The adage 
“always lead, never follow” has been 
suggested to help recall this recom-
mendation in mitigating errors.77

4.3 Recommendation 3: Dosing 
devices with numeric graduations 
and mL units that correspond to 
the prescription container labeling 
should be made easily and universally 
available such as including a device 
each time oral liquid prescription 
medications are dispensed. Dosing 
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devices should be of appropriate 
volume and graduated accuracy for 
the amount prescribed and should 
not use multiple units of measure (i.e., 
metric only not metric plus household 
units). For volumes up to 10 mL, oral 
syringes generally are the preferred 
dosing devices.

4.3.1 How dosing designations 
are represented on dosing de-
vices contributes to medication 
administration errors 

Non-metric units of measure pre-
sented, alone or in combination, on 
dosing devices have contributed to 
medication errors. Inclusion of units 
such as drams, minims, fluid ounces, 
cc, TSP (teaspoon), TBSP (tablespoon), 
and DSSP (dessertspoon) has caused 
mistakes when healthcare profes-
sionals, patients, and caregivers con-
fuse the unit of measure on a measuring 
device with the unit of measure speci-
fied on a prescription container label or 
other set of instructions.22,24,26,85-87

Example: A  nurse administered 
five drams of acetaminophen 
concentrate liquid (100  mg/mL) 
instead of 5 mL because of inclu-
sion of multiple units of measure 

on the dosing cup (Figure 1). 
As a result, the patient received 
18.45  mL or 1.845  g of acet-
aminophen, almost four times 
the intended amount.85

Example: The aunt of a 7-month-
old child unintentionally gave 
her nephew a 5-fold overdose of 
flecainide. She used an oral syr-
inge that had both a teaspoon 
and mL scale to measure the 
dose and measured one tea-
spoon (5  mL) instead of 1  mL. 
The child was hospitalized and 
suffered a cardiac arrest but was 
successfully resuscitated.86

4.3.2 Use of household spoons or 
other utensils can cause admin-
istration errors 

Household teaspoons and table-
spoons have proven to be inaccurate 
and error-prone when used by pa-
tients and caregivers as medication 
measuring tools since volumes in these 
household devices are not standard-
ized.21-22,27,38-39,75-76,87 Although some 
kitchen cooking and measuring sets 
include a volumetric measure along 
with the household measure, these too 
cannot be relied on to provide accurate 
dosing, and calibrated oral dosing 

devices were preferred even when tea-
spoon was recognized.74,75

In addition, the use of teaspoons 
or tablespoons in dosing designa-
tions on prescription container labels 
may encourage patients and care-
givers to believe that using house-
hold spoons or other kitchen utensils 
is advisable if a pharmacy-provided 
dosing device is not available.75,76,87 
A recent study found when “tsp” units 
were used on the label, parents had a 
3-fold increased odds of choosing a 
kitchen spoon for dosing compared 
with parents who had only “mL” units 
on the label; when “teaspoon” was 
spelled out on the label, parents had 
a 5-fold increased odds of choosing 
a kitchen spoon.40 Dispensing dosing 
devices with numeric graduations 
and units (mL) that correspond with 
the container labeling can reinforce 
use of a calibrated dosing device ra-
ther than household spoons or kitchen 
utensils.28-29,48,74,75,87

Patients should be encouraged to 
contact their healthcare professional 
(e.g., pharmacist) rather than substi-
tuting an alternative tool on their own 
when they are unsure about the best 
dosing device to use such as when 
they have misplaced the device they 
received with the prescription.74,75 
Notably, caregiver access to dosing de-
vices in the home appears to be high. 
In a recent multisite study in 3 urban 
pediatric clinics serving low income 
families, the vast majority of caregivers 
had access to standardized dosing de-
vices in their homes, including dosing 
cups (≈85%) and oral syringes (≈90%). 
These may have been used with previ-
ously obtained medications and col-
lected over time.

It may not be appropriate or op-
timal to use dosing devices left over 
from prior medications as these tools 
may only include markings specific to 
the dosing instructions for a specific 
medication for which it came (e.g., 
OTC medications), or may have been 
uniquely calibrated to account for 
medication-specific properties (e.g., 
viscosity and surface-tension of medi-
cation).28-29,74,75 In fact because of such 

Figure 1. Dose cup used to measure liquid acetaminophen (Image courtesy of 
ISMP).
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variations even with medicine cups, 
USP has recommended a calibrated 
oral syringe or dropper be used when 
accurate dosage is required.74,75

4.3.3 Caregivers, even low health 
literacy caregivers, do dose ac-
curately with ml-only devices, al-
though characteristics of device 
provided also play an important 
role 

Studies have found parents are able 
to dose accurately when given mL-only 
instructions with mL-only dosing de-
vices.27,43,67 In an experimental study, 
parents who were randomly assigned 
to receive ‘mL’-only labels and devices 
had less than half the odds of making 
a two-fold dosing error compared with 
those who used labels and devices that 
included both ‘mL’ and ‘tsp’ units; 
caregivers across health literacy levels 
benefited from having ‘mL’-only labels 
and dosing devices.67

Provision of dosing devices that 
more closely match recommended 
dose volumes is important for redu-
cing dosing errors.67,71 Dosing devices 
provided should be large enough to 
measure the full recommended dose 
(should not require multiple measure-
ments for a single dose), but should not 
be too large:

	•	 For a 2-mL dose, for example, provi-

sion of a 5-mL oral syringe would be 

more optimal than a 10-mL syringe. 

In a recent study, a 0.3-fold reduc-

tion in odds of error was observed 

when a 5-mL capacity syringe rather 

than a 10-mL capacity syringe was 

used.

	•	 For a 7.5-mL dose, a 10-mL capacity 

syringe would be more optimal 

than a 5-mL syringe. In a recent 

study, parents using a 5-mL cap-

acity syringe to dose a 7.5-mL 

volume had a 4-fold increase in 

odds of a dosing error compared 

with parents who used a 10-mL 

capacity syringe.67

Optimizing the capacity of dosing de-
vice provided to the dose volume is 

beneficial to caregivers across health 
literacy levels, but especially helpful 
for those with lower marginal health 
literacy.27,43,67,71,88

4.3.4 Guidelines for over-the-
counter (OTC) medications al-
ready recommend milliliter (ml) 
should be the standard unit of 
measure used for oral liquid medi-
cation dosing devices 

Guidelines from CHPA and FDA 
in 2011 recommended dosing devices 
should always accompany OTC oral li-
quid medications, and these devices 
should include the units and numeric 
doses as described in the dosing direc-
tions.20,22 In addition, the units of liquid 
measure marked on the dosing device 
should be stated consistently in all la-
beling, accompanying written instruc-
tions, packaging (e.g., outside carton), 
and containers (e.g., bottle). CHPA 
subsequently strengthened their re-
commendations to now specify that mL 
should be the only volumetric unit of 
measure in dosing directions.21

To address the specific problem 
of liver toxicity from acetaminophen 
dosing errors, the 2015 FDA guidance 
for industry on OTC pediatric oral li-
quid drug products containing acet-
aminophen recommends the product 
package should include an appropriate 
dosage delivery device with calibrated 
units of liquid measurement expressed 
in mL only.31 FDA also has recom-
mended in other guidance that dosages 
of all other liquid medications should 
be in metric only.24,26

Recent retirement of an official def-
inition of a teaspoon by USP and their 
retirement of teaspoon calibration 
in dosing devices included as com-
mercial packaging components will 
result in the need for any existing non-
metric oral dosing devices included 
in the packaging of a drug product to 
be replaced with metric devices by 
manufacturers.28-29,74,75

4.3.5 Guidelines extend the rec-
ommendation milliliter (ml) should 
be the standard unit of measure 
used for oral liquid medication 

dosing devices to prescription 
oral liquid medications 

In 2016, FDA clarified the principles 
outlined in its 2011 guidance for industry 
for OTC products generally are applic-
able to orally ingested prescription li-
quid products as well.24 Specifically, 
dosing amounts of prescription liquid 
products, as well as OTC products, 
should be able to be measured with a 
standard dosing device, and dosing de-
vices should utilize metric volumetric 
units.24 And in May 2019, USP strength-
ened its standards for oral liquid dosing 
devices (“associated components”) to 
require the volumetric markings should 
only be in metric units and limited to a 
single measurement scale that corres-
ponds to the dosing instructions on the 
OTC or prescription container product.28

Healthcare professional organiza-
tions also recommend standardized 
dosing devices be included with all li-
quid medications to allow parents and 
other caregivers to measure liquid 
medications in mL and patients and 
caregivers be effectively instructed on 
how to properly measure and admin-
ister oral liquid medications.15,27,47,72,81

In 2014, ISMP introduced its Targeted 
Medication Safety Best Practices for 
Hospitals which included a recommen-
dation to purchase dosing devices that 
only display the metric scale and, if pa-
tients are taking an oral liquid medica-
tion after discharge, supply them with 
oral syringes to enable them to measure 
oral liquid volumes in mL.15 This rec-
ommendation remains present in the 
ISMP 2020–2021 Targeted Medication 
Safety Best Practices for Hospitals.16 (If 
an enteral syringe is provided instead, 
the pharmacy should ensure it meets 
the International Organization for 
Standardization [ISO] 80369 standard, 
such as ENfit, in order to help reduce the 
risk of cross connections to non-enteral 
tubing.)16

The 2015 AAP policy designating 
metric units as the preferred measure 
for dosing oral liquids calls upon phar-
macies, hospitals, and health centers 
to dispense orally administered li-
quid medicines with metric dosing on 
the label, and pharmacies, hospitals, 
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and health centers should distribute 
appropriate-volume mL-based dosing 
devices with all orally administered 
liquid medications.27 The 2016 APhA 
House of Delegates policy to guide 
labeling and measurement of oral li-
quid medication also supports access 
to and universal availability of dosing 
devices (eAppendix C).72 As part of the 
ABIM Foundation’s national Choosing 
Wisely initiative, ASHP recommended 
to patients and prescribers that metric-
only oral dosing devices be used.47

4.3.6 Guidelines recommend 
dosing devices of appropriate 
volume and accuracy 

A USP general chapter <659> up-
date, which became effective in May 
2019, specifically states for oral dosing 
devices (defined by USP as ‘graduated 
components’) packaged with the drug 
product:

“[u]nder expected conditions of 
use, the volume error incurred in 
measuring liquids for individual 
dose administration by means 
of such graduated components 
should be not more than 10% of 
the indicated amount of the liquid 
preparation with which the gradu-
ated component will be used.” 28

CHPA,20,21 FDA,22 AAP,27 and USP28,71 all 
recommend the use of dosing devices 
of appropriate size for measuring the 
recommended doses.

While it is not possible to make 
available a dose-specific device for 
each specific volume of medication that 

might be dispensed, to attain reason-
able accuracy for doses ranging from 
an mL or less through 30  mL or more 
requires having more than a single size 
of dosing device available. Based on the 
dosing studies described in 4.3.3, which 
recommend the provision of an optimal 
dosing device that is not substantially 
larger than the recommended dose, 
and does not require measurement of 
multiple instrumentsful for provision 
of a single dose, a recommended ap-
proach is to ensure a dosing device is 
available of appropriate volume and 
accuracy for administering 1  mL or 
less; greater than 1 mL to 5 mL; greater 
than 5  mL to 10  mL; and greater than 
10 mL.

See Table 1 for an approach for 
selecting dosing tools for prescription 
medications that has been adopted at 
several large pharmacy chains.

In general, oral syringes are con-
sidered to be the best dosing device 
to use when dosing accuracy is im-
portant (e.g., drugs with narrow thera-
peutic index), and are especially 
recommended for small doses of 5 mL 
or less.27,43,71 Recommending oral syr-
inges over dosing cups should be part 
of a comprehensive strategy to avoid 
pediatric medication errors, except for 
doses exceeding 10 mL where cups may 
be an alternative.27,43

In agreement with these volume-
centric recommendations, USP re-
cently proposed in an in-process 
revision notice for its general chapter 
<17> on prescription container labeling 
that the above algorithm be used to 
guide the choice of an appropriately 
sized oral dosing device that can most 

accurately measure the specific pre-
scribed dose.71 This proposed change 
would replace the existing USP recom-
mendation for providing an oral dosing 
tool (e.g., oral syringe, dosing cup) for 
oral liquid medications with more spe-
cific recommendations that an oral syr-
inge be provided when dosing accuracy 
is important, particularly for doses of 
5 mL or less, and that the capacity of the 
device should be considered in the con-
text of the prescribed dose volume.71 
The dosing device volume should be 
the smallest one capable of holding the 
entire dose as noted above.71

The volume markings on the dosing 
device should be legible, indelible, on 
an extraoral surface, and limited to a 
single metric measurement scale that 
corresponds with the dose instruc-
tions on the prescription container 
label.75

Unfortunately, a large percentage of 
parents and caregivers believe dosing 
cups are best for dosing accuracy.88 
In a recent study, 1 in 4 caregivers be-
lieved cups were best for accuracy, and 
caregivers with low health literacy had 
a greater than 10-fold increased odds 
of choosing a dosing cup most of the 
time, with this misperception playing 
a large role in the relationship between 
low health literacy and dosing cup 
use.88 Caregiver education about the 
superiority of oral syringes for dosing 
accuracy, especially for small doses, 
is critically important and should be 
a priority during counseling about 
oral liquid medications by healthcare 
providers.88

5. REGULATION OVERVIEW

The content of prescription con-
tainer labels is subject to both fed-
eral and state authorities. Examples of 
federal statutes and regulations con-
cerning prescription labels include:

	•	 Food, Drug, and Cosmetic (FD&C) 

Act89 – “Exemptions and considera

tion for certain drugs, devices, and 

biological products”

	•	 Controlled Substances Act – Labeling 

and Packaging90 which includes 

Table 1. Approach to Selecting Dosing Tools for Prescription Medications 
Adopted by Several Large Pharmacy Chains

Dose Volume Device Volume

For administering doses 1 mL or less Use a 1-mL syringe

For administering doses greater than 1 mL to 5 mL Use a 5-mL syringe

For administering doses greater than 5 mL to 10 mL Use a 10-mL syringe

For administering doses greater than 10 mL Use a greater than 10-mL  
syringe or dosing cup
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“Statement of required warning” 91 

and “Labeling of substances and 

filling of prescriptions” 92

Additional provisions are mandated by 
the individual state governments.

The Model State Pharmacy Act and 
Model Rules of the National Association 
of Boards of Pharmacy (NABP Model 
Act)93 identify critical and important 
information for patients that must ap-
pear, as well as additional information 
that may appear, on all prescription 
labels. While these model documents 
currently do not specifically comment 
on metric volumes in prescription la-
beling, NABP endorses the use of mL 
and supports pharmacists in exercising 
their professional prerogative to select 
mL as the standard unit of measure.d

As previously mentioned, oral li-
quid medications may be prescribed in 
a variety of units of measure. Although 
federal and state laws mandate the re-
quired elements of prescription con-
tainer labels, including directions for 
use, it is the pharmacist’s professional 
prerogative to use their judgment to 
determine the appropriate units of 
measure, such as mL, to include on 
the prescription container label to en-
sure oral liquid medications are dosed 
accurately.

A review of state labeling require-
ments indicates there are no existing 
laws or regulations that expressly pro-
hibit a pharmacist from changing the 
unit of measure or notation of decimal 
amounts to be used on a prescription 
labele and both medical and pharmacy 
practice organizations as well as regu-
latory and standards setting organiza-
tions currently recommend metric units 
be used exclusively for dosing instruc-
tions (Charles D, Office of the National 
Coordinator for Health Information 
Technology, personal communication; 
July 2, 2020).6-9,11,13-14,17,27,32,33,35,37,47,72,73,88,94 

Therefore, as a best practice applica-
tion of the widely endorsed practice 
standard of using mL for oral liquid 
medications, pharmacists should rou-
tinely convert prescriptions written in 
customary (household) units (e.g., tea-
spoon) to mL.

Most states provide for labels to con-
tain “directions for use,” and therefore 
by interpretation, would allow pharma-
cists to use mL as the unit of measure. 
In fact, translation of the prescriber’s 
Sig into understandable instructions 
for the patient has historically been the 
professional prerogative of the pharma-
cist. One need only look at the historic 
method for Sig notation in Latin to 
document this. Certainly, in instances 
where the prescriber has indicated the 
dosage in mL, pharmacists should pre-
pare the prescription label according to 
the prescription and dispense appropri-
ately calibrated and volumetrically de-
signed metric-only oral dosing devices. 
Importantly, if the dose is prescribed in 
household units, the pharmacist should 
change the patient instruction to the 
corresponding metric amount (e.g., 
5 mL for one teaspoonful).

6. STAKEHOLDER 
CHALLENGES AND 
OPPORTUNITIES

Variations in how a liquid medica-
tion is ordered, transcribed, and trans-
mitted, and then interpreted, entered, 
and printed, provide opportunities 
for errors in what appears on the pre-
scription container labels of oral liquid 
prescription medications. Mitigation 
of these errors requires consistent use 
of mL as the universal standard unit of 
measure, use of leading zeros, and elim-
ination of trailing zeros in dose desig-
nations by all the stakeholders who 
play a role in prescribing or providing 
patient instructions on the prescription 
container label. This consistency needs 
to extend to any oral instructions given 
to the patient at the time of prescribing 
and dispensing.

Even when the prescription con-
tainer label utilizes mL as the standard 
unit of measure and standard nota-
tion of decimal amounts in dosing 

designations, an oral dosing device with 
numeric graduations, metric-only units, 
and appropriate volume that corres-
ponds to the container labeling should 
be made available and its use explained 
to the patient or caregiver so the dose 
can be correctly interpreted and meas-
ured. Otherwise, if the patient or care-
giver does not understand how to use 
the measuring device, he or she may re-
sort to the use of the familiar and avail-
able household teaspoon or tablespoon. 
Because the volumes of these household 
utensils are not standardized, they have 
proven to be inaccurate and error-prone 
when used as medication measuring 
tools. Even sets of kitchen measuring 
spoons are not designed to accurately 
deliver oral doses of medications. As 
a result, steps should be taken to en-
sure consistent and standardized use 
of appropriately graduated metric-only 
oral dosing devices, and these devices 
should be made easily and universally 
available such as including a device 
each time oral liquid prescription medi-
cations are dispensed.

6.1 Pharmacy System 
Software Companies

Pharmacy system software can 
automate and speed outpatient medi-
cation dispensing. Pharmacy system 
software also can help standardize 
dosing units of measure and notation 
of amounts that display and print on 
container labels, as well as provide sug-
gestions regarding optimal oral dosing 
device provision, but current software 
systems may have limitations.

In 2018, ASHP recommended the 
U.S. healthcare system adopt and only 
use the SI units, which would apply 
metric (e.g., mL) dosing units, for all pa-
tient- and medication-related measure-
ments and calculations, and healthcare 
organizations use clinical decision sup-
port systems, equipment, and devices 
that allow input and display of patient- 
and medication-related measurements 
and calculations in SI format only.34 
Further, ASHP recommended health 
information technology vendors use 
only SI units in their product designs 
for patient- and medication-related 

eNational Association of Boards of 
Pharmacy (NABP; Mount Prospect, IL): 
Personal communication; 2020 Jul 1.

dNational Association of Boards of 
Pharmacy (NABP; Mount Prospect, IL): 
Personal communication; 2020 Jul 1.
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measurements, and education in the 
use of SI units and the importance of 
using SI units to prevent medical errors 
be promoted.34

ISMP recently issued guidelines 
for safe electronic communication 
of medication information via EHRs, 
e-prescribing, and other health informa-
tion technology (HIT)-related tools in 
healthcare because of concerns that non-
standardized communication conven-
tions for medication information could 
contribute to medication errors.48 The 
importance of adopting recommended 
standards is particularly important in 
the setting of electronic communication 
about medications since a principal in-
tent of such technologies is to mitigate 
risks.48 ISMP’s guidelines present a series 
of recommendations on safe electronic 
presentation of drug names, product 
selection menus and search options, 
complete medication orders and pre-
scriptions, electronic system design fea-
tures, and, importantly, doses, dosing 
weights, measures, and instructions for 
use.48 Included in these guidelines are 
recommendations for metric-only units 
such as mL, use of leading zeros and 
elimination of trailing zeros for doses, 
and elimination of apothecary and 
household units.48

6.1.1 Assessment of input 
and output of standard dosing 
designations 

Pharmacy systems may need to 
make modifications to Sig or directions 
components to be able to use mL as 
the standard unit of measure for oral li-
quid prescription medications, instead 
of teaspoon, tablespoon, cc, dram, and 
others, and to express dose amounts 
per the white paper recommendations. 
For a pharmacy system to output the 
recommended standardized dosing 
designations, consideration must be 
given to the inputs into the pharmacy 
system. A key first step is to confirm the 
pharmacy system can accept, and is in 
fact receiving, dose designation infor-
mation input as recommended from: 
drug databases, prescribing system 
software (particularly in the case of 
true e-prescribing), directly inputted 

data from the user, and other data input 
sources (e.g., payer claim responses, 
other interfaces such as electronic 
Medication Administration Record 
(eMAR)/HL7 data sources.)

Because pharmacy systems also 
may output data to other systems, the 
impact of changing pharmacy systems 
to output recommended standardized 
dosing designations also should be as-
sessed. For example, some legacy phar-
macy software systems may be unable 
to fully support mixed-case character 
sets in text strings, including drug de-
scriptions and units of measure. These 
legacy limitations may require all 
UPPERCASE drug descriptions when 
displaying information on a computer 
monitor, printing on prescription labels 
and in patient education materials, and 
other situations. Furthermore, systems 
may not be able to programmatically 
convert internal use of UPPERCASE 
characters to lowercase or mixed-case 
immediately prior to transmitting data 
to a third party via NCPDP SCRIPTf 
transactions, continuity of care docu-
mentation, or electronic medical 
records and health information ex-
change. Typically, systems that have 
this type of limitation may be able to 
receive lowercase or mixed-case text, 
but once received, these are converted 
automatically to uppercase so the in-
ternal applications can properly pro-
cess the data, and the data may not be 
able to be converted back.

While lowercase “ml” is not optimal 
or recommended due to the potential 
confusion between the lowercase letter 
“el” and the number one (“1”) in some 
printer and display fonts, “ml” still is 
preferable to the use of teaspoon, table-
spoon, cc, dram, liquid ounce, oz, pint, 
etc. Therefore, although ISMP, USP, 

NCPDP, and others recommend milli-
liter be represented in mixed case (i.e., 
“mL”), some legacy systems currently 
have no option other than to represent 
milliliter in uppercase, or “ML”, and 
some may only be able to represent 
milliliter in all lowercase, or “ml”. These 
limiting situations currently may affect 
systems’ programmatic testing, error 
testing, and compliance reporting. 
However, NCPDP recommends the 
pharmacy system industry respond 
to these challenges by working to re-
solve these limitations to enable uni-
versal use of mL as the standard unit 
of measure and dosing and move as 
expeditiously as possible toward expli-
citly mandating mixed case support in 
future interface standards.

6.1.2 Enhancing systems for 
standardizing dosing designations 

After it is confirmed that phar-
macy systems can receive standardized 
dosing designation inputs, it still is likely 
that not all dosing information will be 
input as recommended. Appropriate 
decimal notation for amounts and mL 
as the unit of measure can be input 
manually by users by utilizing a “free 
form Sig” in combination with standard 
system Sig codes. However, manual 
data input by pharmacy system users 
takes more time, introduces a new op-
portunity for error, requires workflow 
changes, and asks for 100% compliance 
by users.

Pharmacy systems can facilitate 
standardized dosing designations by re-
moving non-standard designations from 
the “Sig file” and setting default values to 
standardized dose designations.

Use of the NCPDP Structured and 
Codified Sigg within SCRIPT in con-
junction with the recommendations 

fThe SCRIPT is an NCPDP standard 
developed for transmitting prescription 
information electronically between pre-
scribers, pharmacies, payers, and other 
entities for new prescriptions, changes of 
prescriptions, prescription refill requests, 
prescription fill status notifications, can-
cellation notifications, relaying of medi-
cation history, transactions for long-term 
care, electronic prior authorization and 
other transactions

gThe Structured and Codified Sig 
Format is intended to facilitate commu-
nication between prescribers and phar-
macists, improve the efficiency of the 
prescribing and dispensing activities, and 
help reduce the opportunity for errors. It 
provides standardization of the portion 
of an electronic prescription containing 
the directions for use, using existing, ac-
cepted electronic transmission standards. 
The structured and codified is available in 
NCPDP SCRIPT Standard 10.4 and above.
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in this white paper for standardizing 
dosing designations for oral liquid 
medication could further reduce am-
biguity of the instructions. It is notable 
that at least one major professional 
physician organization (AMA) now re-
commends adoption of features like 
structured and codified Sig that help 
address quality issues be prioritized 
and e-prescribing be designated as the 
default prescription method.35

Until widespread adoption of 
Structured and Codified Sig is achieved, 
implementation of enhanced pharmacy 
system logic can help standardize (“edit” 
or “scrub”) inputs by users. Enhanced 
system logic may be designed to auto-
matically express the Sig in desired “mL” 
units when oral liquids are selected. 
When a user inputs “.5,” enhanced 
system logic also can ‘auto-correct’ 
and store/output the data as “0.5”. In 
addition, when a user inputs “ML”, en-
hanced system logic can ‘auto-correct’ 
and store/output the data as “mL”.

Because of strong national advo-
cacy for metric-only dosing, including 
mL-only dosing requirements in cer-
tified EHR prescribing software and 
retirement by USP of teaspoon as an 
official unit of measure, steps should 
be taken to automatically convert any 
teaspoon dosing presented at the phar-
macy fulfillment level to mL dosing 
programmatically through dispensing 
software.

6.2 Electronic Drug Database 
Publishers

Pharmacy system software must ref-
erence accurate and timely drug data-
bases to safely dispense medications 
as well as efficiently process medica-
tion claims. For claims processing, the 
NCPDP Billing Unit Standard contains 
mL as one of three billing units. Use 
of “mL” is indicated when a product is 
measured by its liquid volume, including 
liquid non-injectable products of 1  mL 
or greater.95 For safe and accurate 
medication dispensing, drug database 
publishers often offer dosing-related 
modules, such as structured Sig strings, 
Sig building tools, and dose-screening 
databases. These dosing-related modules 

also can be used by payers and pharmacy 
benefit managers (PBMs) to process 
drug claims, but when embedded into 
workflow applications for use by pre-
scribers, pharmacists, nurses, and other 
healthcare professionals, they can help 
ensure medications are dispensed in ap-
propriate doses and labeled with appro-
priate dosing designations.

Drug database modules and tools 
such as structured Sig strings, Sig 
builders, and dose screening should 
consistently represent liquid volumes in 
metric units and use the metric designa-
tion “mL” as a unit of measure for liquids 
where appropriate. In 2009, and again 
in 2011, ISMP issued a call to action for 
healthcare professionals, prescribing 
software companies, and pharmacy 
system software companies to eliminate 
the use of non-metric measurements, 
such as “teaspoon” and “tablespoon,” or 
associated variations like “tsp,” to prevent 
medication errors in prescription instruc-
tions.13-14,17 As supported by ISMP case 
reports, the disparity between the actual 
volume measured by using a house-
hold teaspoon or tablespoon as well as 
the possible confusion between the two 
easily can lead to incorrect dosing, with 
potentially serious consequences, es-
pecially in the pediatric population. In 
support of the ISMP initiative, drug data-
base publishers reviewed their clinical 
database offerings to make sure no non-
metric measurements were included, 
and metric units were used in dose 
screening databases and Sig databases.

All drug database publishers should 
be encouraged to re-review drug data-
bases, modules, and tools for use of the 
standardized dosing designations for 
oral liquid medication recommended 
in this white paper. Pharmacy system 
software companies that use drug data-
base publishers’ flat file data in their 
software can then adopt “mL” for use 
in structured Sig strings, just as “mL” 
is used in application programming 
interfaces (APIs) units for alert mes-
sages. To support the limitations noted 
in 6.1.1 as well as multiple end-user 
needs that are beyond the scope of this 
white paper, the drug database pub-
lishers may also offer their customers 

fields that use all uppercase and/or all 
lowercase text strings, in addition to the 
preferred mixed-case text strings, but 
should encourage migration as soon 
as feasible to the preferred mixed-case 
representation.

6.3 Prescribing Software 
Companies (including EHR 
with prescribing applications)

Electronic transmission of prescrip-
tions from the prescriber to the com-
munity pharmacy affords numerous 
benefits to prescribers, pharmacies, 
and patients. The goal of e-prescribing 
is to have an electronic prescription 
arrive at the pharmacy with complete 
and clear instructions, eliminating the 
need for the pharmacy staff to inter-
pret a prescriber’s handwritten instruc-
tions and prevent transcribing errors. 
It has been shown to improve quality 
and safety by decreasing dispensing 
errors associated with handwritten pre-
scriptions. Reinforcing the importance 
of metric-only dosing for oral liquid 
medications, ONC EHR certification 
now requires e-prescribing software 
present Sig options to prescribers that 
apply metric units (e.g., mL) only and 
must not permit prescriber override to 
use household units (e.g., teaspoon) in-
stead (Charles D, Office of the National 
Coordinator for Health Information 
Technology, personal communica-
tion; July 2, 2020).33 This change was 
implemented to support more precise 
prescription dosing and thus reduce 
dosing errors and improve patient out-
comes and aligns with other federal 
partners (including FDA and CDC).33 
Implementation of ONC EHR-certified 
prescribing software (Charles D, Office 
of the National Coordinator for Health 
Information Technology, personal 
communication; July 2, 2020)33 and 
adoption of ISMP’s guidelines for safe 
electronic communication of medica-
tion information48 are best practices 
that should be adopted.

Unfortunately, some segments of 
the industry may not have recognized 
the benefits or may not have embraced 
e-prescribing because of training, im-
plementation, or software issues. To 
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help address some of these concerns, a 
task group of the NCPDP e-Prescribing 
& Related Transactions Work Group 
(WG11), has produced a best practice 
guidance for the SCRIPT standard.36 
The implementation guidance is in-
tended for prescribing software com-
panies, prescribers, and pharmacists to 
assist them in the proper use of fields 
within the SCRIPT standard. It also 
now references the recommendations 
of this white paper for implementing 
best practices aimed at addressing pa-
tient safety concerns associated with 
dispensing medications using non-
metric measures such as teaspoon and 
tablespoon. Implementers of NCPDP’s 
Structured and Codified Sig are encour-
aged to review this white paper and sup-
port sending oral liquid prescriptions 
using only mL as the volume value. As 
of January 2020, when industry moved 
to SCRIPT 2017071, teaspoon, table-
spoon, and other non-metric values 
were eliminated from the available 
code set in order to systematically sup-
port this patient safety initiative.36

e-Prescribing can provide the add-
itional benefit of encouraging standard-
ized dosing designations at the point of 
prescribing. By incorporating standard 
dosing designations (units using mL and 
amounts using decimals and zeros ap-
propriately), e-prescribing software may 
be designed so that non-metric and non-
volumetric units are never presented to 
the prescriber in any of the structured 
selection menus of Sig builders, drug de-
scription menus, or quantity qualifiers. 
In addition, the prescriber technology 
vendors could implement natural lan-
guage processing and clinical decision 
support modules to alert their users if in-
appropriate values are selected.

The complete guidance may be 
viewed in the current “NCPDP SCRIPT 
Implementation Recommendations” 
at https://ncpdp.org/NCPDP/media/ 
p d f / S C R I P T- I m p l e m e n t a t i o n -
Recommendations.pdf?ext=.pdf.36

6.4 Pharmacy Leadership

NCPDP encourages community 
pharmacy leadership to adopt and 
implement the recommendations of 

this white paper in their pharmacies. 
The rationale and research cited in 
this white paper provide the basis for 
enhancing patient safety and positive 
medical outcomes through the use of 
mL as the universal standard unit of 
measure for oral liquid medications.

While NCPDP recognizes the adop-
tion and implementation of these re-
commendations may pose a number 
of challenges and opportunities for 
community pharmacies in the areas 
of pharmacy computer systems, work-
flow, support of pharmacy staff and pa-
tient education, and consistency across 
products and care settings, the goal 
should be to take the necessary steps to 
put in place a transformation strategy 
in the interest of optimal use of oral li-
quid medication dosing and adoption 
of widely endorsed standard practices.

6.4.1 Pharmacy system software 
Pharmacy leadership needs to 

make a commitment to make appro-
priate programming changes and 
create policies and procedures that 
will support universal adoption of 
these best practice recommenda-
tions. There are always challenges to 
system changes, but such change is 
possible and the corporate leader-
ship of several pharmacy chains has 
decided to support the use of the mL, 
and has started by encouraging their 
pharmacists to migrate prescription 
directions from teaspoon and table-
spoon to mL units and to provide 
appropriately sized and mL-marked 
dosing devices with all oral liquid 
prescription medications.

6.4.2 Workflow 
Flagging of prescription receipts 

and sale procedures are consider-
ations that may require changes in 
the workflow to allow for dispensing 
of appropriate calibrated oral dosing 
devices. Prescription data entry and 
selection of the proper Sig/direc-
tion codes for patient label directions 
reside in the workflow procedure and 
should support safety and process 
efficiency. Because of evidence sup-
porting preferred oral dosing devices 

and volumes designed to minimize 
dosing errors, it would be optimal if 
pharmacy dispensing software could 
alert technicians and pharmacists to 
the most appropriate volume capacity 
device to dispense based on the pre-
scribed dose volume.

6.4.3 Support of pharmacy staff 
and patient education 

One important way pharmacy lead-
ership can support this initiative is to 
inform, educate, and empower phar-
macy staff by:

	•	 Establishing policies and procedures 

that support the widely endorsed 

standard metric dose designations for 

all oral liquid medications dispensed 

in pharmacies and convey these as 

standard best practices or policies to 

all the staff.

	•	 Providing pharmacies with ad-

equate numbers of appropriately 

calibrated and metric-only marked 

dosing devices for distribution at 

dispensing of oral liquid prescrip-

tion medication.

◦	 Provide guidance (e.g., through 

automated messaging) to help 

pharmacy staff select the most 

appropriate dosing device to ac-

curately measure the volume of 

the prescribed dose. See Table 2.

	•	 Sharing the expectation that staff 

should routinely:

◦	 Provide appropriate dosing de-

vices with oral liquid prescription 

medication.

◦	 Explain to patients/caregivers how 

to appropriately use the device to 

measure oral liquid medication.

◦	 Ensure patients and caregivers 

understand the use of the de-

vice, through the use of a teach 

back method, before leaving the 

pharmacy.

	•	 Providing ready access to this white 

paper (Web site link or printed copies) 

or other documentation of the:

◦	 Three white paper recommenda-

tions (See Section 2).

◦	 Dangers of improper dosing meas-

urement and administration of 

oral liquid medications, especially 
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in children and infants, and the ra-

tionale for the recommendations 

(See Section 4).

◦	 NABP endorsement of the use of 

mL as a professional prerogative 

and support of pharmacists to 

select mL as the standard unit of 

measure (See Section 5).

◦	 USP endorsement and support of 

mL as the universal standard unit 

of measure for oral liquid medica-

tions (See eAppendix A).

◦	 ONC EHR certification require-

ments that e-prescribing software 

only present metric doses for oral 

liquid medications and that pre-

scribers not be permitted to over-

ride metric doses with household 

units (e.g., teaspoon).

◦	 Other documents and resources 

from professional, patient safety, 

and standard setting organiza-

tions, and government agencies, 

consistent with the white paper re-

commendations (See eAppendixes 

A-C).

◦	 Call to Action for pharmacy staff in 

this white paper (See Section 7.1, 

Stakeholder Map).

Pharmacy leaders are encouraged to 
support pharmacist—patient coun-
seling, communication, and education 
at point-of-dispensing. Community 
pharmacies can provide brochures or 
other patient-centered printed infor-
mation to patients and caregivers and 
can emphasize these patient safety 
measures are being implemented to en-
sure proper dosing and patient safety.

6.4.4 Consistency across care 
settings and products 

In the acute care inpatient setting 
and other healthcare facilities, mL is the 
widely endorsed standard oral liquid 
unit of measure and the use of leading 
zeros and avoidance of trailing zeros in 
dose designations is a requirement for 
accreditation by TJC. Responding to FDA 
and industry recommendations, OTC 
manufacturers have made substantial 
gains in moving to the use of mL for the 
standard unit of measure and standard 
notation of decimal amounts on package 
labels and dosing devices packaged with 
oral liquid OTC medications.20-22,25 Also, 
device manufacturers are producing 
more dosing devices that display an mL 
scale, some exclusively. Implementing 
the dose designation recommendations 
in this white paper will harmonize the la-
beling and administration of oral liquid 
prescription medications in the commu-
nity setting with the standards used in 
inpatient and other healthcare settings, 
the standards for OTC medications, and 
international practices. This standard-
ization should decrease patient, care-
giver, and health professional confusion, 
and therefore improve patient safety.

7. STAKEHOLDER CALL 
TO ACTION: ADOPT, 
IMPLEMENT, ADHERE, 
COMMUNICATE, 
AND EDUCATE

The NCPDP Task Group Call to Action 
maps out roles for many stakeholders, but 
particularly relies on local and corporate 
community pharmacy leadership to:

	•	 Adopt and implement the recom-

mendations in this white paper.

	•	 Communicate these as standard best 

practices or policies to all pharmacy 

staff.

	•	 Measure the performance of your or-

ganization in achieving these recom-

mendations and stress accountability 

across your organization for adhering 

to them.

	•	 Engage pharmacy information 

system vendors and drug database 

producers to facilitate adoption of the 

standards on prescription container 

labels.

	•	 Explore implementation of innova-

tive patient-centered communication 

and education solutions that target 

and encourage pharmacist-to-patient 

conversations and education at point 

of dispensing.

	•	 Facilitate communication by stake-

holders outside the community phar-

macy system, including prescribers, 

with a role in patient and healthcare 

professional education on using 

standardized dosing designations for 

prescribed oral liquid medications 

universally.

The “Stakeholder Map” (Table 3) 
identifies all the relevant stake-
holders, listed alphabetically, who 
need to play a role in adopting, com-
municating, adhering, and educating. 
The map outlines a call to action and 
identifies some of the associated 
challenges and opportunities for each 
stakeholder group.

Table 2. Guidance on Selecting Most Appropriate Dosing Device to Measure Volume of Prescribed Dose

Dose Volume Device Volume

For administering doses 1 mL or less Use a 1-mL syringe

For administering doses greater than 1 mL to 5 mL Use a 5-mL syringe

For administering doses greater than 5 mL to 10 mL Use a 10-mL syringe

For administering doses greater than 10 mL Use a dosing cup of volume greater than 10-mL syringe or dosing 
cup or if no larger volume dosing devices available, instruct pa-
tient/caregiver on performing multiple draws of 10-mL syringe 
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8. CONCLUSIONS

Although metric units (e.g., mg for 
milligrams) have been the universal 
standard unit of measure for solid dose 
form medications for decades, oral liquid 
medications continue to be prescribed, 
transcribed, dispensed, measured, and 
administered using a variety of volu-
metric units, which continues to lead to 
confusion, dosing errors, and overdosing 
or underdosing by healthcare pro-
fessionals, patients, and caregivers. 
Standard dosing designations used 
consistently on prescriptions and con-
tainer labels of oral liquid medications, 
the dosing devices used to measure and 
administer them, and the routine pro-
vision of dosing devices of appropriate 
volume and graduation to support ac-
curate dosing, could help improve pa-
tient safety and patient outcomes.

The adoption of this white paper’s 
recommendations will harmonize the 
transcription, labeling, dispensing, 
measuring, and administration of oral 
liquid prescription medications in the 
community setting with standards used 
in hospital and other healthcare facil-
ities, recommendations for OTC medi-
cations, and international standards of 
volumetric measurement to finally attain 
universal metric-only standard practice 
for oral liquids across all care settings.

The NCPDP mL Task Group Call to 
Action is directed first and foremost to 
the local and corporate pharmacy lead-
ership, as they can catalyze many of the 
changes required to implement the best 
practices described in this white paper.

NCPDP recognizes there are chal-
lenges for pharmacy leadership to 
adopt and implement the recom-
mendations, as well as for many of the 
other stakeholders.

A concerted effort of all stakeholders 
is necessary to realize the opportunities 
and overcome the challenges. NCPDP 
calls on all the relevant stakeholders 
to support efforts to adopt, implement, 
and adhere to the recommendations 
and standards in this white paper, and 
to educate healthcare professionals, 
patients, and caregivers on how to ac-
curately measure and administer oral 
liquid medications.

All stakeholders are encouraged to 
ensure implementation of the recom-
mendations and call to action of this 
white paper and to collaborate to achieve 
standardized dosing designations for pre-
scription container labels of oral liquid 
medications dispensed from community 
pharmacies, and promote the provision of 
appropriate oral dosing devices that sup-
port accurate medication administration.

DISCLAIMER
While all information in this document is be-
lieved to be correct at the time of writing, the 
writers may review and possibly update their 
recommendations should any significant 
changes occur. This document is for educa-
tional and awareness purposes only and does 
not purport to provide legal advice. Readers 
requiring legal advice should consult an at-
torney. The information provided here is for 
reference use only and does not constitute the 
rendering of legal, financial, or other profes-
sional advice or recommendations by NCPDP. 
The listing of an organization does not imply 
any sort of endorsement, and NCPDP takes 
no responsibility for the products or tools. The 
existence of a link or organizational reference 
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