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Introduction
What is the “Dose Syntax”?
Whenever a medicine is used (prescribed, dispensed or administered) to provide healthcare for a patient or group of patients, or reference to a medicine is made in the care of patients, it is likely that there will information about the dosage of the medicine.  
This dosage information, which has been described as the “Dose Instruction” is defined as “the full set of information that supports the correct administration of a medication to a patient in order for it to have its therapeutic effect”.  Within this set of information, there are a variety of different concepts represented, such as the amount of medication to be administered, the frequency with which it is to be administered etc.  
In this era of distributed healthcare, with many different individuals and teams of clinicians being involved in the care of a patient, it is vital that, as well as being able to clearly and unambiguously describe the medicines themselves, there is a requirement to clearly and unambiguously describe the Dose Instructions that accompany the medicine in its use.  This is a requirement both for human communication, and for electronic (machine-to-machine) communication and information storage and retrieval.
In order to facilitate this communication, an Analysis of Dose Instructions was undertaken, covering all domains (primary, secondary, tertiary care) in which medications are used, including the core clinical specialties that have particular dosage information requirements (chemotherapy, child health, anaesthesiology, etc.).  The objective was to identify, define and describe the various concepts that are used in Dose Instructions, to facilitate the clear and unambiguous description of how a medicine is/was/should be administered, for all stages of the medication process (prescribing, dispensing and administration).  
The Dose Syntax Model
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Dose Instructions
[bookmark: _Toc119125491]A Dose Instruction is defined as “the full set of information that supports the correct administration of a medication to a patient in order for it to have its therapeutic effect”.  Within this set of information, there are a variety of different concepts represented, such as the amount of medication to be administered, the frequency with which it is to be administered etc.  These are termed the component parts of the instruction, and they themselves may have attributes, or sub-types, within them.
A single “dose instruction” may be complex, and therefore may be split into a number of separate Dosage Instruction Clauses: each clause can then be split into its Dose Instruction Components parts for further structuring.  The structured clauses can be concatenated together again, using a mechanism to put the clauses and their component structures together in the right order, to reproduce accurately the totality of the information of the be a mechanism to put the clauses and their components together in the right order instructions.  
Dose Instructions Clause
A Dose Instructions Clause is a single statement that stands “on its own” to describe a single set of dosage instruction information; it will contain a number of component parts.  A single Dose Instructions Clause may form the complete Dose Instruction, or two or more Dose Instruction Clauses may be concatenated together to give the complete Dose Instruction, using Sequence Indication to ensure that the Clauses are brought together in the correct order.
A Dose Instructions Clause that has a relationship to another Dose Instructions Clause will have a Conjunction (“or”, “then” or “and”) and, if it is part of a sequence (“then”) it will have an indication of where in that sequence it occurs.
Dose Instructions Components 
Within any Dose Instructions Clause, the information contained within the Clause can be divided into Component parts.  These Component parts form a finite set of concepts, and are described in the sections below.  Rarely will all the Components be present in even a complex Dose Instruction, but some, such as Dose Quantity, are present in the majority of Dose Instructions.  Some Components have been further sub-divided into sub-components or attributes of the particular component.
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The Dose Quantity in a Dose Instruction or Dose Instruction Clause is the “amount” of the described medication that is to be administered to the patient at a single point in time (i.e. a single dosage administration act, which may itself be a Dose Instructions Clause).  
A Dose Quantity is usually expressed as a numerical value and an explicit unit of measure; however sometimes the unit of measure is implicit (e.g. the “one” in “one to be taken three times a day” is actually “one tablet” [or one capsule etc.]).   Note that the expression of Dose Quantity value may be a range: e.g. “2-6 tablets”, “100-200mg”, “one to two puffs”.  
Note that the expression of some Dose Quantity information is such that it may appear to be a “dose limit”; this should not be confused with the “Quantity Upper Bound” as described below.  For example the statement of “up to three tablets” is actually a Dose Quantity range of “1-3 tablets”; it is describing the acceptable range of the dose quantity for a single administration.
It is vital that the Dose Quantity component has consistency with the description of the medicine to which it relates.  This is discussed in detail below.
Examples of Dose Quantity:
one tablet
two puffs (actuations)
25 - 50mg
one 5mL spoonful
750microgram/kg bodyweight
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The Dose Quantity Upper Bound in a Dose Instruction or Dose Instruction Clause describes the upper limit of the amount of a medicine that may be given in a specified period of time; it is usually used when there is some degree of optionality in how the medicine may be administered.  
A common expression of Dose Instruction information that uses this Component in its type/pattern is: “Take two tablets every 4-6 hours when required, to a maximum of eight per day”.  The “eight tablets per day” is the Dose Quantity Upper Bound.  The Dose Quantity Upper Bound therefore has two distinct parts: the total amount (dose quantity) of medicine that forms the limit or “upper bound” and the time period that the amount can be administered in.  A Dose Instructions Clause may occasionally have more than one Dose Quantity Upper Bound; if this is the case, they will be stating the maximum cumulative dose for different periods of time, for example: “maximum of 20mg in 24 hours, and 100mg in one week”.
Note:  Conceptually it would be possible to specify a “lower bound dose quantity” (for example: take a minimum of 300mg per day), however, in analysis, no actual examples of this type of instruction have yet been found.
Examples of Dose Quantity Upper Bound:
Up to 6 tablets in 24 hours
No more than four sprays in one hour
Maximum of 500mg per day
Maximum of 250mg in one week
To a lifetime limit of 100microgram/kg bodyweight 
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The Dose Timing in a Dose Instruction or Dose Instructions Clause describes “when” the medication is to be administered to the patient.  
Description of “Timing” of medicines administration is possibly the most complex of all the components of Dose Instructions.  In order to be comprehensive of the full range of variables, such that as much information as is possible could be made machine processable if required, it is necessary to analyse and document fully each type of “Timing” description separately, even though these are often concatenated and flow easily in human speech as if they are seamlessly one.  It is likely that, in actual applications, some types of Timing information will be designated as too complex to replicate fully in a machine readable way and therefore should continue to be communicated only through text.  This is a legitimate decision, but it must be made with full understanding of what is being set within any machine readable boundary, and what is outside.  This understanding can only be obtained if the full analysis is documented.
There are three paradigms to be considered in the understanding of the timing of medicines administration: the “what is being timed”, which may be “individual dose timing” or “course of therapy”, the type of “time pattern” – the “when” and “how long” - being described, and the “timing description” being used to describe the actual time information, which may be “measured time” or “circumstantial time”.  
What is being timed: “Course of Therapy” Timing and “Individual Dose” Timing 
When a medicine is used to provide healthcare to a patient, as a “therapy” (a treatment, a patient management intervention), the medicine may be administered once (only), or it may be administered a number of times, which may be either a limited number of times, or it may be ad infinitum.  There is therefore a requirement to describe the Timing of this “Course of Therapy”.
Similarly, there is a requirement to describe the Timing of each time a medicinal product is administered, within a Course of Therapy; with is the Individual Dose Timing; for example, a diuretic given regularly to treat hypertension is given “once daily, in the morning” where the “once daily” is the Timing of each Individual Dose.
A single “one off” administration of a medication (such as an infusion of streptokinase, or a pre-medication), in terms of this analysis, could be considered to have a “course of therapy” component, but, because it is only a single administration, its description is identical to the description of its individual dose timing.
A Note on Vaccination:  Vaccines are usually administered according to an agreed schedule, with the Frequency of Individual Dose Timing being anything from one month to 5-10 years.  It is a matter for national (public health) consideration to determine how to describe each schedule, and it is important to have consistently represented information for public health management.  For example: it is possible to describe the course of therapy for the “triple” of diphtheria, tetanus and pertussis as the initial three doses given at monthly intervals from age 2 months, with the pre-school and school-leaving boosters being described as separate individual doses and courses, or alternatively the full 18 year schedule be considered the course of therapy.
Time Patterns: When and How Long - Frequency and Duration
For each of the Course of Therapy and the Individual Dose, there are two types of Time Patterns that can be used to describe their timing; these may be used separately or together, and are “Timing Frequency” and “Duration”.
Timing Frequency describes when the individual dose or course of therapy occurs, Timing Duration describes for how long the individual dose or course of therapy takes.
Timing Frequency, particularly for a series individual dosage administrations, may be described using a timing pattern; for example, an instruction of “twice a day” describes individual dosage administrations as happening “two times within a 24 hour period”, or “every 8 hours”, or at a specific time or times: “at 2pm and 6pm”.  However, for a single, non-repeating administration, the timing frequency may be a single point in time, for example “at 8am” or “stat” or “2 hours before surgery”.
Timing Duration can be used both for an individual dose and for a course of therapy; for individual doses, it is usually only relevant for infusion or nebulisation, most other administrations are taken to be instantaneous; for example in the Dose Instructions Clause “give 500mg over 15minutes every 6 hours” the “over 15 minutes” is the duration of each individual dose of 500mg given.  Timing Duration is more commonly used in description of Course of Therapy; for example the “for five days” of an instruction “take two daily for 5 days”. 
Timing Description: Measurable Time and Circumstantial Time
The nature of the timing of medicines administration may be described in relation to “measurable time” in some way or another.  This may be described by reference to a distinct point or points in time either within an unspecified day (e.g. at 6pm) or in a partially specified day (e.g. at 6pm tomorrow) or within a fully specified day (e.g. at 6pm on 14.2.2005).  Measurable time may also be specified in terms of patterns of measurable time, as in “three times [within] a day”, in which “a day” is a pattern of measurable time, i.e. 24 hours, or as “every 8 hours”.  Note that, for Dose Instructions, most time patterns involve a 24 hour day, but weekly, monthly and annual patterns are described; indeed, for vaccination, longer patterns (e.g. every 5-10 years) may be described using this same method.
Alternatively, the “when” of medicines administration might be described in relation to conditions or events or circumstances that will, have or do occur, and that form a trigger to start, stop or in some other sense have influence over when a medicine is administered.  For example: “starting one week before travel” – the event is that is the timing trigger for medicines administration is “travelling” and the medicine administration must commence one week before that event occurs.
In any one Dose Instruction or Dose Instructions Clause, the various components of Dose Timing (individual dose or course of therapy; frequency or duration) may be described using measurable time description, using circumstantial time description or using a combination of the two.
Types or Patterns of Circumstantial Time 
There are various types or patterns of Circumstantial Time used in the description of Dose Timing that can be recognised and described.  
Preconditions
A Precondition describes when an event will or will not occur, in relation to the presence of a particular circumstance or event.  There is therefore an absolute dependency on a certain event or activity or clinical condition occurring or taking place to describe the “when” (either Frequency or Duration) of an Individual Dose or Course of Therapy. 
Many of the Individual Dose Frequency statements that use the Circumstantial Time pattern of precondition are descriptions of clinical conditions that the medicines administration is being used therapeutically for.  For example: “take two tablets to relieve fever” implies that the medicine will only be administered if there is the “precondition” of fever being present.  In these cases, the Precondition may “qualify” (that is, be stated in addition to) a Dose Timing described using Measured Time.  For example: “Give one tablet once daily, if the pulse rate is above 80 beats per minute” states that that the medication must only be given at its Measured Time Frequency of “once daily” when the Circumstantial Time clinical precondition of the patient having “a measured pulse with a value of greater than 80 beats per minute” is met.  
A Precondition may have a Measured Time phrase within it, but that Measured Time phrase does not describe either a Frequency or Duration but a “time interval” between the precondition and the administration.  For example “Give two hours before the procedure” is an Individual Dose Frequency described using the Circumstantial Time pattern of precondition, whereby the medicines administration has “the procedure (happening)” as the precondition, and the “time interval” being “two hours before”.
Trigger Conditions
A Trigger describes when an administration may occur, in relation to the presence of a particular circumstance or event.  In contrast to the “Precondition”, which describes how the Dose Timing is controlled by the precondition, the “Trigger” allows some optionality to be present.   Because the condition or event is a trigger that “allows” rather than “requires” the medicine administration, it is often expressed with the words “if” or “when” and therefore includes some very common instructions, such as “Take two tablets every four to six hourly, when required for pain relief” as well as rarer more complex examples.
Comment: There is a considerable element of judgement required to discern whether a particular dosage phrase constitutes a precondition or a trigger.  A precondition is “tighter” in that it “requires” the administration to start/stop/continue if the related observation it is true, whereas the trigger is “allowing” the administration to start/stop/continue if the related observation it is true.  Whether clinicians, patients and systems can or should be able to truly differentiate this difference in clinical practice is as yet unclear for dosage information.
Examples of Dose Timing Components:
Measured Time Examples:
Individual Dose Timing:
Frequency:
every 6 hours [q 6 h]
three times a day [t.d.s] 
daily
twice a week
every 4-6 hours (frequency range)
not less than every 8 hours (minimum value of frequency range only)
up to four times a day (maximum value of frequency range only)
	
Duration:
give 500mg over 30 minutes every 6 hours
30mg via syringe driver over 12 hours
mix into a bath of warm water and immerse body for 30 minutes
Course of Therapy Timing:
	Frequency:
apply twice daily for 1 week; repeat at monthly intervals
one daily for the first 5 days of each month
	Duration:
one to be taken three times a day for 5 days
apply sparingly for 7-10 days
take twice daily for 2 months
Circumstantial Time Examples:
Individual Dose Timing:
	Frequency:
after each loose stool
before each nappy change
before sexual intercourse
when the cytotoxic infusion has been completed
	Duration:
for the duration of each dressing change
Course of Therapy Timing:
Frequency:
		for each acute attack of gout
	Duration:
	from one week before until four weeks after travelling
	during an acute attack of gout
	take one every 4 hours, for up to 10 doses 
                                  (although the Course of Therapy Duration could be calculated as a Measured Time value, using the Measured Time information, but described as it is, the Duration is bounded by “a number of doses having been taken, which constitute the “circumstances” of the duration)
Combinations of Timing Descriptions:
	Give one tablet once daily, if the pulse rate is above 80 beats per minute (precondition on Individual Dose Frequency)
	Inject 5mg subcutaneously every 6 hours when required to relieve migraine
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The Objectives and Goals information in a Dose Instruction or Dose Instruction Clause describes the Objective or Goal of that particular Dose Instruction or Dose Instruction Clause.  The Objective or Goal information may relate to any of the other components of the Dose Instruction Clause, but common patterns relate the Objective or Goal to the Dose Quantity, Rate of Administration and/or the Dose Timing components.
There are two distinct patterns for Objective and Goal information in Dose Instructions; these are Maintenance Objective and Final Objective.
Maintenance Objective
A Maintenance Objective in a Dose Instructions Clause describes a requirement to (achieve and) maintain a particular circumstance or condition.  There will be some optionality in Dose Quantity, Rate of Administration or Dose Timing (usually a range value in one of these components) and the Maintenance Objective gives the criteria that should be used to determine the actual value of the component from within the range.  For example, in the Dose Instructions Clause “Infuse 2-5micrograms/kg/min to maintain systolic blood pressure at greater than 70mmHg” there is a range value for the Rate of Administration component, with a Maintenance Objective stated as “to maintain systolic blood pressure at greater than 70mmHg”; therefore the instruction is to adjust the Rate of Administration within the stated range in order to maintain the systolic blood pressure at a level that is greater than 70mmHg.
Final Objective
A Final Objective describes in a Dose Instructions Clause describes a requirement to achieve a particular circumstance or condition, (at which point the administration may cease).  There will be some optionality in Dose Quantity, Rate of Administration or Dose Timing (usually a range value in one of these components) and the Final Objective gives the criteria that should be used to determine the actual value of the component from within the range.   For example, in the Dose Instructions Clause “Take one tablet every morning until the bleeding stops” there is an implicit statement about the Duration of the Course of Therapy (a Dose Timing component) in that the therapy should continue “until the bleeding stops”; therefore the “Final Objective” is “the bleeding stops”.
Examples of Objectives and Goals: 
Maintenance Objective:
	Dose Quantity:
		Give 1-4mg daily to keep the INR between 3-4
	Rate of Administration:
		 Inhale at a rate of 1.5-4 litres/minute to maintain adequate peripheral oxygenation
	Dose Timing:
Inhale one puff up to six times a day to control the wheezing
Final Objective:
	Dose Quantity:
		Take 10-25mg four times a day until there is no breakthrough pain
	Rate of Administration:
		Infuse 100-250ml/hour until urine output is greater than 50ml/hour
The Route-Site-Method Complex
The “Route-Site-Method Complex” describes the “where” and “how” the prescribed medication is to be administered to the patient.
In order to have its desired therapeutic effect, an allopathic medicine must in some way come into contact with some or all of the body of the patient.  The Route-Site-Method Complex component of a Dose Instruction or Dose Instructions Clause describe the route into the body, where on the body the medicine makes it entry/contact and/or the method of administration to be used.  This allows the prescriber to give specific direction to the patient and/or parent/carer/healthcare professional about “where” or “how” to administer their prescribed medication.
The Route-Site-Method Complex is can be further decomposed into the three separate components of Route of Administration, Site of Administration and Method of Administration; in any one Dose Instructions or Dose Instructions Clause, all, one, two or none of the components may be used dependent on the medication prescribed and the intent of the prescriber.  
Examples of the Route-Site-Method Complex:
One tablet three times daily (none)
Inject (method) 100mg/5mL IV (route = intravenous)
Apply to the affected area (site) with gentle massage (site = “affected area” and method = apply with gentle massage)
Instil (method) two drops into the left eye (site) twice a day
Inhale (method) two puffs four times a day
Route of Administration
The Route of Administration describes which way that the administered medication should take to get into the body or into contact with the body and constitutes part of the “where” (the other part being site – see below).  
There should be no implication that a route of administration is or can be taken as synonymous with a description of the “final destination” for an administered medication; the route of administration can only be a stylised description of the path taken.
For example, an oral antibiotic may be used to treat a severe infection on a toe; the oral route is used to get the medicine to be able to reach and treat the infection in the toe.  For some specific routes of administration, there may be an incidental sense of “final destination”, for example an ocular administration usually occurs when treatment of an eye condition is required.  Note that this can in no sense be taken as definitional: rectal administration of a medicine may be for a local effect (a steroid foam for treatment of colitis) or for a systemic effect (metronidazole for treatment of infection).  The route of administration of a medicine should only be a description of the path taken; the end may or may not be implied.
Examples of routes of administration include: “oral”, “rectal”, “ocular”, “intravenous (IV)”, “subcutaneous (SC)”.
Site of Administration
The Site of Administration describes the specific area of the body “where” the medication is to be administered. The site can be seen as the particular anatomic location where an administration activity happens (or has happened). It can be stated specifically, for example including laterality (e.g. apply to the right eye; inject into the left antecubital fossa vein) or stated more generally (e.g. apply to the affected area(s)).
Site of Administration is a distinct and separate concept to Route of Administration, Route of Administration being the “way in” to the body and the site the specific area in/on the body where the “way in” is located.  In some Dose Instructions or Dose Instructions Clauses, if the Site of Administration has been stated very explicitly, the Route of Administration may be being implied rather than explicitly stated itself.  For example, a Dose Instructions Clause that states “instil one drop into the right eye twice a day” has a Site of Administration of “the right eye” which implicitly indicates an ocular Route of Administration.
Just as the Route of Administration is a description of the “path taken” and carried no implication as to the sense of a description of a “final destination”; so the Site of Administration is a description of where the administration happens, not the site of action of the medication; although as for route, there are some examples where the site of administration is also a description of the site of action (for example, administration to the right ear is likely to imply a site of action in the right ear).
Method of Administration
The Method of Administration gives further information as to “how” the medication should be administered.  A “method” can be defined as “a regular and systematic way of accomplishing something”.  The “Method of Administration” is therefore the particular way of carrying out or accomplishing a substance administration, in that it further defines the process of the medication is to be administered to the patient, whether that is by the patient or by the parent/carer/healthcare professional.  

Method description is often an adjective that directly refines the action giving more specific information as to “how” the prescriber intends that medication to be administered; it can be also have a further qualifying description added to the original method in order to fully define the exact method of administration required; for example: “apply with gentle massage”.
In Secondary Care, standard charted dosage instructions do not usually have the “method” concept made explicit.  However, if a dosage instruction is “written” as opposed to the more common “charting”, there may be a method stated.  For specialist parenteral administration, it is more common to have some “method” information expressed, even if this is written as an annotation to a standard chart.  
Method Qualifiers:  As seen in the descriptions above, the Method of Administration may be described or “qualified” by further information that gives more detail about the administration; a method of administration is “application” (“apply” or “to be applied”); this can be further qualified by various adverbs (liberally, sparingly, gently) as required by the situation.  Due to the limited size of the vocabulary, however, pre-co-ordinated concepts (“apply sparingly”, “inject using piggyback”) are used.
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The Rate of Administration describes information about the “delivery speed” with which a specified amount of a medication should be administered to a patient per unit of time.  It is applicable for “continuous” medications only (e.g. liquids, inhaled gases etc.) since an instantaneous administration does not exist for long enough for it to have a measurable speed at which it is given.
[bookmark: _Toc119125500]Certain medications, most notably parenteral infusions, may be given continuously over an extended period of time.  The rate at which the medication is to be administered may be specified as an alternative to a Dose Quantity and Timing, and is usually used because the exact Dose Quantity to be given and/or duration of the administration is not known.  
Examples of Rate of Administration: 
(to be given at) 2litres/minute
(to be given at) 5micrograms/kg/minute
(to be given at) 50ml/hour
Device Use Instructions
Device Use Instructions describe information about administration of a medicine that involves the use of a device.  
A number of medicines require their administration to the patient to be assisted by the use of some kind of administration device.  This “device use” information is often communicated as part of the Dose Instructions or in a Dose Instructions Clause.  
In secondary care, particular named devices may be described as part of a dosage instruction; for example, administration of a particular medication via one specific lumen of a triple lumen sub-clavian catheter, or administration of an antibiotic through a Hickman line.  
This component must not be used for “recipe” information for extemporaneously prepared medicines.
Examples of Device Use Instructions: 
Via the nebuliser
Using the vaginal applicator
Additional Instructions/Information
The Additional Instructions/Information component of a Dose Instructions Clause describes any other additional instructive information about the administration of the medicine; it is usually non-quantitative in its nature.  It excludes any phrases relating to use of a device in the administration of a medicine, to a “recipe” for extemporaneous preparation of the medicine or to the active method of administration of the medication.  
Additional Information/Instructions may give “negative” instructions or information, for example “do not take at the same time as milk or antacids”.
Some Dose Instructions and Dose Instruction Clauses contain phrases of instructive information, additional to the defined Dose Quantity, Dose Quantity Upper Bound, Dose Timing, Objectives and Goals Information, Route-Site-Method Complex and Device Use Instructions concepts.  
Preparation Instructions form a particular subset of Additional Instructions/Information.   A number of medicines require some form of manipulation prior to their administration to the patient; this may be some form of preparation instruction such as dissolution or shaking/agitation of a mixture.
Preparation Instructions:
Preparation Instructions describe manipulation of the medicine prior to its administration, but the preparation is such that it does not affect the expression of the quantity of the medication administered (for example the “dissolved in water” manipulation does not affect the “two tablets” quantity of a dosage instruction that reads “Take two tablets, dissolved in water, every morning”).
Examples of Additional Instructions/Information: 
“as instructed on the pack”
“titrate according to response”
“with or after meals”
“do not take with milk”
“avoid alcohol while taking this medicine”
“dissolved in water”
“shaken well before use”
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