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Introduction        

Medication errors are avoidable events due

to the inappropriate use of medications. In

England, around 237 million medication

errors occur in England annually and nearly

28% of these have the potential to cause

harm.1 Such medication errors can prolong

hospital stay and lead to significant patient

morbidity and even death.2-4 The estimated

NHS costs of definitely avoidable ADRs

(adverse drug reactions) are £98.5 million

per year, which consumed 181,626 bed-

days and caused 712 deaths (88% in

primary care).5

Medication errors occur at all stages

of medicine use process including

prescribing, dispensing, storing, preparation,

administration and monitoring.  It presents

a major public health burden both

clinically and economically. This is because

it can result in adverse drug reactions

(ADRs), drug-drug interactions, lack of

efficacy, suboptimal patient adherence

and poor patient experience. A recent

review demonstrated that the majority of

errors were potentially significant (53%)

or potentially minor (40%), with less

common potentially serious errors (5%)

and potentially lethal errors at 2%.5

A study showed that significant

errors were more likely to occur at the

point of admission, and failure to

prescribe pre-admission medication was

the most common error.5 The unintended

medications errors rates within hospital

prescriptions on admission are between

30-70% and these can include omission

of usual medicines and incorrect dosage.6-7

Evidence suggests that conducting MR

as soon as possible after admission will

reduce omission of long-term medicines.8

Pharmacists are acknowledged as key

to preventing these medication errors

reaching the patient by clinical

interventions.

Although there is significant evidence

to support pharmacy interventions from

a safety perspective, few attempted to

quantify the economic benefit of this

service provides. This study aims to

estimate the cost avoidance generated by

pharmacist interventions due to the

prevention of adverse drug events (ADE).
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Introduction

Around 237 million medication errors occur in England

annually and around 28% of these have potential to cause

harm. Such errors can prolong hospital stay and lead to

significant patient morbidity and mortality. The estimated NHS

costs of definitely avoidable Adverse Drug Events (ADEs) are

£98.5 million per year. The aim of this study is to quantify the

type of clinical interventions; and identify the potential clinical

significance and associated cost avoidance of preventable

Adverse Drug Events (pADEs) averted by pharmacy

interventions on admission to hospital. 

Method

Retrospective data collection of pharmacy interventions in

acute admission unit from April 2018 to March 2019 which

involved random samples of 10 interventions per month

(n=120). Economic analysis of pADEs was performed using

University of Sheffield School of Health and Related Research

(ScHARR) cost model. 

Abstract

Results

The majority of medications errors were prescribing errors

(82%). Approximately 80% of interventions were made at the

point of admission medicine reconciliation (MR) with 60% of all

interventions related to high risk drugs. The potential

medication errors may have led to significant (63%), serious

(21%) and fatal (3%) ADEs. The economic analysis showed

potential cost avoidance of pADEs at around £237k-£499k

per year based on one pharmacist input.  

Discussion

The results showed that pharmacy interventions during

medicine reconciliation (MR) process reduced unintended

medication discrepancies and prevent ADEs on acute

admission. High risk drugs are important targets for future

pharmacy interventions and ongoing monitoring. Significant

cost avoidance could be achieved by pharmacy interventions. 

Conclusion

Pharmacy intervention on admission has significant clinical, as

well as economic benefits. A range of clinical interventions are

made to ensure safe and effective use of medicines. 
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Aim        

Qualitative

• To describe and quantify the range of

pharmacy interventions conducted on

Emergency Admission Unit (EAU) per

year based on one pharmacist input.  

Quantitative 

• To measure the activity and cost

benefits of clinical interventions on

EAU.

• To identify the potential clinical

significance and associated cost

avoidance of pADEs averted by

pharmacy interventions, according to

the ScHARR (University of Sheffield

School of Health and Related

Research) cost model.9-10

Methods        

Standardised data collection form was

used to collect the number of pharmacy

interventions retrospectively. Random

samples of 10 interventions per month

from April 2018 to March 2019 were

obtained from Ascribe (Trust pharmacy

dispensing system data). 

The clinical significance of pADEs

averted due to pharmacy intervention

and associated cost avoidance were

assessed using the ScHARR model (see

Table 1).9-10 One-year extrapolation of the

cost avoidance was estimated, based on

the assumption that all the unintentional

discrepancies would have led to a pADE if

no intervention was made.  

Result and Discussion        

The retrospective audit identified 1050

interventions were recorded for the 12

months period from April 2018-March

2019. The majority of interventions were

categorised as prescribing error (82%)

(see Figure 1) which was consistent with

the EQUIP study.11 The EQUIP Study

showed that nearly 9% of prescriptions in

a selection of UK hospitals contained an

error when written.11 Errors in dose

selection occur most commonly and

represent 25.8% of all prescribing errors.

This is followed by omitted drugs/dose

(18.3%), wrong drug/choice (17.5%),

wrong frequency/time of administration

(9.2%), duplication of therapy (7.5%)

and drug interactions (5%) (See Figure 2). 

Cost

£0– £6

£65– £150

£713– £1484

£1085– £2120

Event

Minor, no harm medication errors 

Significant pADEs (non-increased length of stay)

Serious pADEs

Severe, life-threatening or fatal pADEs

Table 1 Modelled costs of preventable adverse drug events (pADEs)
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Any steps in the prescribing process

could potentially generate errors. Slips

(action-based errors e.g. prescribing error

due to similarities in drug brand name

and pharmaceutical name), lapses

(memory-based errors e.g. prescribing

penicillin knowing that patient is allergic

but forgetting), or mistakes are sources of

errors, as in unintended omissions in the

transcription of drugs.12 Examples for

different types of errors from this study is

described in Table 2. 

Approximately 80% of interventions

were made at the point of admission with

the rest made during patient’s stay and

at the point of discharge. This may be

because EAU is an acute admission ward

with high patient turnover. Therefore,

most of the pharmacy related clinical

activities focuses on MR to optimise

patient care. This is in line with NICE

Guidelines NG5 which recommends that

patients should receive a MR within 24

hours of admission or sooner if clinically

necessary.13 Pharmacists also ensure the

rational and cost-effective use of

medicines and improve clinical outcomes

by actively engaging in direct patient care

and collaborating with many healthcare

disciplines.

Around 60% of all interventions were

made on known high risk drugs with 17%

on antibiotics, followed by analgesics,

which are mainly opioids and non-steroidal

anti-inflammatory drugs (NSAIDs) at 12%,

anticoagulant and antihypertensives at

Figure 1 Error Stage

ERROR STAGE

Figure 2 Types of Error 

TYPES OF ERROR 

“Approximately 80% of interventions were made at the 
point of admission with the rest made during 
patient’s stay and at the point of discharge.”

http://www.pharman.co.uk
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Examples

Levetiracetam 1500mg BD but prescribed incorrectly as 500mg TDS

IV Aciclovir not prescribed based on Ideal Body Weight (IBW) 

Pabrinex prescribed as 1 pair TDS (should be 2 pairs TDS for hepatic encephalopathy)

Tinzaparin dose prescribed as 10,500 units- changed to 11,000 units

IV Co-Amoxiclav prescribed as 1.2 g TDS in renal impairment (recommended dose is 600mg
BD as patient's eGFR-20ml/min)

Levothyroxine dose is 100micrograms but prescribed as 10micrograms daily

Sodium Valproate 400mg TDS (patient’s preadmission dose) but prescribed as 200mg TDS

Patient takes Zomorph (Morphine sulphate)130mg BD but only 30mg BD prescribed

Patient takes Finasteride and NOT Tamsulosin, but both were prescribed

Nitrofurantoin prescribed for a patient with eGFR-10ml/min (avoid if <45ml/min as per BNF)

A Patient with CKD Stage 4 prescribed with prophylactic Tinzaparin- changed to Enoxaparin
20mg daily

Trust guidelines recommends Amoxicillin 500-1000mg TDS for Community Acquired Pneumonia
(CAP) CURB-1 but patient prescribed with Amoxicillin 1g TDS and Clarithromycin 500mg BD.

IV Co-amoxiclav and Metronidazole prescribed for anaerobic infection (duplication of
treatment as both drugs covers anaerobes)

Oramorph not recommended in nursing mother - risk of respiratory depression in infant

Rivastigmine prescribed instead of Rotigotine patch for Parkinson Disease

Changed Amitriptyline time of administration from morning to night

Amend time of administration of Co-beneldopa to 7am, 1pm, 5pm and 9pm (as per
preadmission dosing time and frequency)

Morphine sulphate MR BD dosing prescribed as morning and evening (changed to morning
and night as MR dosing is every 12 hours)

Isosorbide mononitrate 10mg BD annotated as morning and evening on the chart
(recommend 8am and 2pm-irregular dosing to avoid nitrate tolerance). 

Latanoprost eye drops prescribed as mane –  changed to nighttime dose 

Cyclizine 50mg SC prescribed hourly as anticipatory meds (max 150mg/day)

Paracetamol prescribed as both IV and PO on the chart (risk of overdose)

Penicillin V 250mg BD (for asplenia) and Co-amoxiclav 625mg TDS prescribed concurrently

Query use of both MST (Morphine sulphate) 100mg BD and Fentanyl patch?

Query Omeprazole and Ranitidine prescribed together (no clear indication)

Tolterodine 4mg Xl and Tolterodine 2mg BD prescribed concurrently

Thiamine not withheld whilst patient on Pabrinex infusion

Metoclopramide and Cyclizine prescribed concurrently (counteracts the effects of each other)

Tiotropium inhaler not withheld whilst patient on nebulised Ipratropium (increased risk of
side effects)

Interaction between Ciprofloxacin and Duloxetine (ciprofloxacin increases the exposure to
duloxetine- avoid using concomitantly). 

Tramadol and Citalopram-increased risk of serotonin syndrome

Simvastatin not withheld whilst patient on Clarithromycin (increase the blood level of
simvastatin and hence risk of rhabdomyolysis)

Lansoprazole interacts with antibiotics (increase the risk of C. Difficile infection)

Types of errors

Wrong Dose

Wrong Drug or Choice

Wrong Frequency or Time

Duplication of Therapy 

Drug Interactions

Table 2 Types of Errors and Examples 
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9% respectively, antiepileptics at 8% and

both Anti-Parkinson’s medications and

insulin at 3% (see Figure 3).

The finding is consistent with the

national review of reported medication

related harms where anticoagulant and

NSAIDs were identified as the medicines

most commonly involved in hospital

admissions as a result of medicines harm.14

This audit showed that interventions that

were classified as serious and major often

involved high risk drugs that are known

to be associated with increased harm and

some of these drugs have already been

highlighted in the National Patient Safety

Alerts (NPSA).15-17

These findings present important

targets for future interventions and

highlight the importance of review of

high-risk drugs as a continuous process

that requires monitoring and follow up. It

also indicated that robust guidelines and

procedures need to be in place to reduce

the risk associated with these drugs.

Where access to a pharmacist is limited,

consideration should be given to targeting

those patients on high risk medications. 

The audit showed that safety (67%) is

the most important reason for pharmacy

intervention. Efficacy (23%), cost-effectiveness

(6%), concordance (3%) and reduced

length of stay (LOS) (1%) accounted for the

remainder (see Figure 4). 

Patient safety is the utmost priority for

pharmacy interventions. The importance

of the medicine safety in the wider context

of patient safety was confirmed in the

‘NHS Long Term Plan’, which committed

to ‘improving patient safety will reduce

Figure 4 Reasons for Interventions

REASONS FOR INTERVENTION

Figure 3 Intervention by drug class

INTERVENTION BY DRUG CLASS

Table 3. Clinical significance of pADEs averted due to pharmacy intervention and associated cost avoidance

Events

Potentially fatal

Potentially serious

Potentially
significant

Minor

Sheffield
(value £)

1,085

2,120

713

1,484

65

150

0

6

Intervention no
(n=120 in total)

4

4

25

25

76

76

15

15

Lower value

Upper value

Value £

£4,340

£8,480

£17,825

£37,100

£4,940

£11,400

0

£90

£27,105

£57,070

Extrapolation 
(per annum)

£37,975

£74,200

£156,147

£324,996

£43,225

£99,750

0

£786

£237,347

£499,732

http://www.pharman.co.uk
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patient harm and the substantial costs

associated with it through a new ten-year

national strategy’.18

Efficacy interventions in this study

aimed at reducing or rectifying sub

therapeutic dose of medications especially

narrow therapeutic index drugs such

as antiepileptics and antibiotics like

Gentamicin. It also includes ensuring

appropriate choice of treatment in

accordance with the national guidelines.

As for cost effectiveness intervention, it

encompassed recommending cost-

effective inhaler (e.g. Symbicort or Fostair

inhaler instead of Seretide inhaler) or

avoid unnecessary duplication of therapy

e.g. withhold thiamine whilst on Pabrinex. 

It is essential to ensure compliance or

patient adherence to treatment. Appropriate

patient assessment, patient counselling and

changing the timing of medications as per

preadmission all help to improve patient

adherence. 

Table 3 showed the clinical significance

of pADEs averted due to pharmacy

intervention and associated cost avoidance.

Cost avoidance refers to an intervention

that reduces potential future spending that

may have occurred without the

intervention. The audit showed that if

medication errors were left undetected,

will have led to potentially significant

(63%), serious (21%) and fatal (3%) ADEs. 

The cost avoidance value was initially

calculated using the random samples of

120 interventions. The value was then

extrapolated based on the 1050

interventions carried out from April 2018

–  March 2019. The economic analysis by

using ScHARR model showed that the

potential cost avoidance of pADEs ranged

from £237k - £499k per annum (based on

one pharmacist input). This would suggest

that pharmacy interventions on EAU has

the potential to prevent significant costs

that may be incurred if the medication

risks remained undetected. 

Medicines reconciliation on

admission also leads to avoidance of

adverse drug reactions (ADRs). Dodds

estimated preventable error rate of

2.8/1000 at a cost of £1461 per ADR.19

A hospital study demonstrated that for

every £1 spent on pharmacy staff

conducting MR, approximately £12 is

saved through preventing medication

related ADE.20 Pharmacist interventions

in the care of patients in acute hospital

not only reduce the risk associated with

medicines but the cost benefits of this

service provides can also be quantified

by contribution to cost-avoidance of

ADEs.

Recommendations         

• There are significant gaps in safe and

effective use of medicines amongst

clinicians and adequate training and

continuing professional development

should be provided.

iStock.com/demaerre

“Patient safety is the utmost priority for pharmacy interventions.
The importance of the medicine safety in the wider context of 
patient safety was confirmed in the ‘NHS Long Term Plan’. . .”

Patient safety is the utmost priority for pharmacy interventions.
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• Embed adequate training in safe and

effective use medicines use in

undergraduate training.

• Robust guidelines and procedures to

reduce the potential harm associated

with high risk medications.

• Increasing pharmacy staffing level on

hospital admission unit focusing on

MR may further reduce medication

errors which in turn offers significant

cost savings

• Further research should focus on

economic analysis of pharmacy

intervention models on high risk drugs

Conclusion         

Pharmacist interventions on admission

have significant clinical as well as

economic benefits. A range of clinical

interventions are made to ensure safe

and effective use of medicines.

Pharmacist also contributes significantly

to the safe use of medicines by

developing and implementing medicines

related guidelines, addressing medicines

management issues, educating

prescribers, and playing an important role

in promoting patient safety. 
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