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How to undertake intravenous (1V) drug calculations

Rationale and key points

Administration of intravenous (V) medicines, fluids and blood products to adults and children and the
dosage and rate calculations required is a fundamental nursing proficiency. Nurses undertaking IV
drug calculations must have the knowledge and skills required to do so safely and must work within

their level of competence.

e Ensure you are familiar with and use the correct medicines calculation for the type of
infusion being administered, such as a gravity giving set or an electronic infusion pump.

e Be familiar with and competent in the use of any electronic systems or apps in the clinical
area that are designed to help with medicine calculations.

e Always follow the local medicines policy, and it is advisable to use a second checker who

calculates independently even if the policy does not require this.

Reflective activity

‘How to’ articles can help to update your practice and ensure it remains evidence based. Apply this

article to your practice. Reflect on and write a short account of:

e How this article might improve your ability to safely undertake IV drug calculations.
e How you could use this information to educate nursing students or colleagues in the

competent calculations of IV medicines.

Keywords: To be drawn from the Nursing Standard conductor

To ensure patient safety and the maximum patient benefit from prescribed IV medicines, fluids and
blood products, medicine dosage and rate calculations are required. It is essential that nurses (and
other healthcare professionals) undertaking these calculations can do so accurately. Nurses must
ensure that they have the requisite skills and knowledge to undertake this activity and recognise when
there are limitations in their level of competence. Errors in IV dose and rate calculations are a
significant factor in medication errors. As medicines administered via the IV route enter the blood

stream directly, they cannot be retrieved, and errors can cause significant harm to patients. Causative



factors in IV dose and rate calculation errors include unfamiliarity with basic mathematical principles,

conceptual errors and unfamiliarity with equipment such as giving sets and infusion pumps.
Preparation and equipment

Due to the complexity associated with preparing and administering IV medicines and fluids, and as
with all medicines calculations, this activity should be undertaken in a quiet environment with
interruptions minimised (Vital et al 2026, Johnson et al. 2017). Nurses must also ensure that they are
conversant with local medicines policies such as when two-person checking is required and ensure

that this occurs.

Although no specific equipment is required to undertake calculations for the safe administration of IV
medicines and fluids, because calculations are often multi-stage, having a pen and paper and an
electronic calculator available may improve accuracy. Nurses must also have knowledge and
understanding of the formulae to be used (see box....) and be able to enter numerical information in
the correct sequence when using an electronic calculator or working out calculations long hand.
However, whilst they are useful, it is important to remember that calculators cannot prevent

calculation and conceptual errors occurring (Fletchall-Wilmes et al. 2018).

Be familiar with and competent in the use of any electronic systems or apps in the clinical area that
are designed to help with medicine calculations. Whatever device you use to calculate medicine

dosage will only do so accurately if you enter the correct figures (Pritchard 2026).

To ensure patient safety and that IV medication and fluids have maximum benefit, nurses must
recognise when they are having difficulty undertaking calculations and ensure that they access support
and education to address any deficits in competence (NMC 2018). Where infusion pumps, syringe
drivers and SMART pumps are used, nurses must have received training in their use and be competent

in programming them.

Procedure

1. Perform hand decontamination in accordance with local policy.

2. Obtain the patient’s prescription record, this can be paper based or more frequently
electronic. Ensure that identification checks are made as per local policy.

3. Identify which IV fluid or medicine is due to be administered.

4. Perform checks to ensure that the fluid/medication packaging is intact and in-date.



5. Obtain the appropriate infusion set and check that the packaging is intact and in-date. Check
the manufacturer information on the infusion set packaging to determine number of drops
per mL (for IV gravity infusions).

6. Where an electronic infusion pump is not used and the intravenous infusion is administered
via an IV gravity giving set, you must calculate the number of drops per minute required to

give an IV infusion over the time prescribed. To do this see box 1.

Box 1. Calculating the drops per minute for an IV gravity giving set

Calculate the number of millilitres (mL) required per hour. This is achieved by dividing the volume of
the infusion by the number of hours. For example, 1000mL to be given over 8 hours would be 1000

(volume to be given) + 8 (duration of infusion) = 125 mL per hour

Look for the number of drops per mL for the giving set. This is printed on the packaging of the giving
set by the manufacturer. There are different types of giving set available including giving sets for
crystalloids, blood products and specialised giving sets with in-line burettes. Usually, a giving set for a

crystalloid solution is 20 drops = 1mL

The number of mL per hour is multiplied by the number of drops per mL to give drops per hour. For

example, 125 mL/hours x 20 = 2500 drops per hour.

Divide the number of drops per hour by 60 to give the drops per minute. For example, 2500 + 60 =
41.66 which is rounded up to 42.

Adjust the roller clamp on the giving set to administer 42 drops per minute in this example.

7. |If the infusion is to be given via an electronic pump, examine the prescription record for
information of the volume of fluid to be administered and the time over which it is to be
given.

8. Perform the calculation to work out the flow rate to be programmed. To do this see box 2.



Box 2. Calculating the flow rate per hour for an electronic pump
Volume to be infused (mL)

= Flow rate (mL/hour)

Number of hours

9. To calculate the rate to be programmed into the electronic pump for medicines prescribed as
infusions in microgrammes per kilogramme per minute, make sure you know the patient’s

weight in kg and use the following steps as used in this example in box 3:

Box 3. Calculating the rate for medicines prescribed as infusions in microgrammes per kilogramme

per minute

Mr Kim Lee has been prescribed noradrenaline 4mg in 50mL to be given at a starting dose of 0.1

microgrammes/kg/minute. He weighs 70 kg.

Work out the number of microgrammes per mL. This will need an Sl unit conversion.

Sl unit conversions

Sl unit conversions

1g = 1000 milligrams

1 milligram = 1000 microgrammes

1 microgram = 1000 nanograms

4 mg x 1000 = 4000 microgrammes.

4000 (microgrammes) + 50 (volume in mL) =80 microgrammes per mL.

Work out the number of microgrammes needed per minute.



70 (kg) x 0.1 (microgrammes) = 7 microgrammes per minute

Work out the microgrammes needed per hour

7 x 60 (minutes) = 420 microgrammes per hour

Work out the pump rate in mL/hour

Dose (in microgrammes per hour) 420

=5.25 mL/hour

Concentration of drug (microgrammes per mL) 80

Therefore, a rate of 5.25 mL per hour will give a dose of 0.1 microgrammes/kg/min.

10.

11.

12.

13.

14.

If a second check is required, the second checker should follow the steps above
independently. Once this has been undertaken and the infusion rate agreed, connect the
infusion set to the patient’s IV access device.

Programme the infusion pump with the rate and commence the infusion.

For gravity infusion sets, the roller clamp will be adjusted until the desired drops per minute
rate is achieved.

If there is any doubt about the accuracy of the calculations carried out, advice must be
sought from the prescriber or pharmacist.

During the infusion, regular checks must be made on the rate to ensure it delivering
correctly. This is particularly important with gravity infusion sets, because patient position
and the height of the bag of fluid/blood above the site of IV access device can impact the

rate of delivery.

Evidence base

Administration of intravenous medicines, fluids and blood products is a common activity undertaken

by nurses and midwives, with a significant amount of time being spent on this activity (Walsby et al



2024). In the UK, the regulatory Nursing and Midwifery Council (NMC 2018a) requires that nurses (and
midwives) are competent in administering IV medicines, fluids and blood products using a range of
devices. As with the administration of oral medicines, it is vital that nurses can demonstrate their
competence in undertaking the calculations required to perform this task safely (RCN and RPS 2019,
NMC 2018, NICE 2017). Inaccurate dosage and rate calculations are a major factor in reported
medication errors (Kuitunen et al 2024, WHO 2023, Mulac 2022, Cavell and Mandaliya 2021,
Sutherland etal. 2020). Most employers (NHS and private sector) require nurses who are administering
IV medicines to undergo further training and assessment, a key component of this being calculating

dose and rate.

Nurses are accountable for their practice, and they need to ensure that their knowledge and skills are
up to date and that they recognise, reflect on and seek support to address any limitations in their

professional practice (NMC 2018a).
Risks associated with IV dose calculation errors

Administration of IV medicines by nurses using a range of devices is a fundamental proficiency required
by the NMC (NMC 2018a, NMC 2023). Nurses must be able to perform several stages accurately in
order to ensure patient safety when preparing, administering and monitoring a medicine, infusion or
blood product been given by the IV route. Administration of medicines and fluids intravenously has
several advantages over the oral route. When the medicine or fluid enters the patient’s blood stream
directly it often has a faster onset of action as therapeutic levels are more rapidly attained and avoids
issues which can affect absorption via the gastrointestinal tract such as gastroparesis (Hill et al 2022).
However, because of the rapid onset of action and that there is no way to retrieve the medicine or
fluid given by the IV route, there is an increased risk of adverse effects if errors in calculation of dosage

or rate of administration are made (Rajakumar et al 2025).
Number and type of errors related to IV medicine administration.

Drug dosage calculation errors are a major source of patient harm worldwide (WHO 2023). In the UK,
it was found that approximately 237 million medication errors occurred annually in England (Elliott et
al 2021) with most of these occurring at the administration stage. For IV medications, it has been
estimated that errors occur with up to 10.1% of all administrations (Sutherland et al 2020). Wrong
dose and wrong rate errors were reported to be the most frequent type of error involving intravenous
drugs in a large-scale review of medication errors in Norway (Mulac et al 2021). In the UK, Cavill and
Mandaliya (2021) reported that 81.8% of medication errors involving intravenously administered

medicines were due to wrong dose and 9.3% were due to wrong rate. In systematic reviews undertaken



by Sutherland et al (2020) and Rajakumar et al (2025) wrong rate errors accounted for approximately
57.9% of errors, and wrong dose errors were also widely reported. Worryingly, Tuthill and Tse (2021)
and Mulac et al (2021) reported that errors in calculating dose could result in 10 and 100-fold under

or overdoses which can have a significant impact on patient safety.

Extensive research (Weeks 2013, 2015, Elonen 2021) Wennberg-Capellades et al 2022) has been
undertaken to explore nurses and nursing students’ competence in performing medication calculations
in the UK and more widely. This research has highlighted that nurses and nursing students experience
difficulties in calculating infusion rates and concentration over time and in contextualising their
answers to real world situations. Wennberg-Capellades etal (2022) undertook a retrospective study
examining 285 calculation test papers completed by nursing students in all three years of an
undergraduate nursing programme. They found that students struggle with undertaking multistage
calculations required for IV administration of medicines and fluids, including infusion rate and infusion

time calculations.
Strategies to reduce IV medication calculation and rate of delivery errors

A time and motion study undertaken by MacDonald et al (2024), found that administration of IV
antibiotics took approximately six times longer to prepare than the oral equivalent. They also found
that whilst preparing the medicine for administration, nurses faced multiple interruptions. Vital et al
(2026) evaluated the effect of interruptions in IV medication administration via smart pump in an ICU
setting. Results showed that nurses were interrupted in 44 out of 100 activities involving programming
intravenous smart pumps observed. Both Vital et al (2026) and MacDonald et al (2024) concluded that
due to the point of care nature of administering IV medicines and fluids, limiting the number of
interruptions not only reduces the time spent on performing this complex task, but also enhances

patient safety through the potential reduction in calculation and programming errors.



Example one:
Mrs Anisha Patel has been prescribed 1000mL 0.9% saline to be given over 12 hours

Step 1: The number of mL per hour is calculated: 1000 (volume to be given) + 12 (duration of

infusion) = 83.33 (rounded to 83) mL per hour
Step 2: The nurse reads the information on the fluid giving set which states that 20 drops = 1mL

Step 3: The drops per hour are calculated: 83 (volume per hour) x 20 (drops per mL) = 1660 drops per

hour

Step 4: Calculate the drops per minute: 1660 + 60 = 27.66 drops per minute. This is rounded to 28

drops per minute. The nurse adjusts the roller clamp on the giving set to give 28 drops per minute.

Example two:

Mr Dewi Jones requires a blood transfusion. He is prescribed a unit of packed red cells over four

hours. The bag of packed red cells contains 284 mL of blood.

Step 1: The number of mL per hour is calculated: 284 mL+ 4 =71 mL per hour

Step 2: The nurse reads the information on the blood giving set which states that 15 drops = 1mL
Step 3: The drops per hour are calculated: 71 x 15 = 1065 drops per hour

Step 4: Calculate the drops per minute: 1065 + 60 = 17.75 drops per minute. This is rounded to 18

drops per minute. The nurse adjusts the roller clamp on the giving set to give 18 drops per minute.

In some settings (e.g. paediatrics and critical care), an infusion set with an in-line burette and micro
drops is used. These sets allow for precise control over rate of administration (Joint Formulary

Committee 2026).

Example three:

To work out infusion rates to set on syringe drivers, the nurse needs to undertake the following

calculations:

Volume + number of hours = rate



Mr David Smith is prescribed an infusion of amiodarone 1.2 g in 50mL to be administered over 24

hours.
50+24=2.08

The rate 2.08 mL per hour is set on the syringe driver.

Example 4:

Nurses also need to be able to calculate the dose being given whilst an infusion is in progress- e.g. at

shift handover.

The nurse checks the syringe label and prescription record and confirms that the syringe contains

8mg of adrenaline in 50mL and it is infusing at 5.4 mL/hour. The patient Mrs Patel weighs 80kg.
Step one: an Sl unit conversion is calculated: 8 x 1000 = 8000 microgrammes in 50 mL
8000 + 50 (volume in mL) =160 microgrammes per mL
Step two: microgrammes per hour is calculated 5.4 mL (rate) x 160 = 864
Step three: microgrammes per kg per minute is calculated 864 (microgrammes per hour)
-------- =0.18
80 (kg) x 60 (minutes)

0.18 microgramme/kg/minute of adrenaline is being given.
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