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Abstract

Introduction Clinical guidelines can contribute to medication errors but there is no overall understanding of how and where
these occur.

Objectives We aimed to identify guideline-related medication errors reported via a national incident reporting system,
and describe types of error, stages of medication use, guidelines, drugs, specialties and clinical locations most commonly
associated with such errors.

Methods Retrospective analysis of reports to the National Reporting and Learning System for England and Wales. A hier-
archical task analysis (HTA) was developed, describing expected practice when using guidelines. A free-text search was
conducted of medication incident reports (2016-2021) using search terms related to common guidelines. All identified
reports linked to moderate-severe harm or death, and a random sample of 5100 no/low-harm reports were coded to describe
deviations from the HTA. A random sample of 500 cases were independently double-coded.

Results In total, 28,217 reports were identified, with 608 relating to moderate-severe harm or death. Fleiss’ kappa for inter-
rater reliability was 0.46. Of the 5708 reports coded, 642 described an HTA step discrepancy (including four linked to a
death), suggesting over 3200 discrepancies in the entire dataset of 28,217 reports. Discrepancies related to finding guidelines
(n = 300 reports), finding information within guidelines (n = 166) and using information (n = 176). Discrepancies were
most frequently identified for guidelines produced by a local organisation (n = 405), and most occurred during prescribing
(n =277) or medication administration (n = 241).

Conclusion Difficulties finding and using information from clinical guidelines contribute to thousands of prescribing and
medication administration incidents, some of which are associated with substantial patient harm.

1 Introduction
Key Points
Medication errors are common, with an estimated 237

million occurring each year in England alone, costing the Difficulties finding and using information from clinical
National Health Service (NHS) £98 million and causing guidelines (especially those produced by local healthcare
or contributing to an estimated 1708 deaths [1]. Many fac- organisations) contribute to thousands of prescribing and
tors have been identified that can contribute to medication medication administration incidents.

Some of these incidents are associated with substantial
patient harm.
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errors [2], one of which is the plethora and complexity of
medication-related guidelines.

Guidelines can play a key role in ensuring healthcare
professionals provide safe and consistent patient care, and
can also themselves contribute to both prescribing [3-9]
and medication administration errors [10-13]. For exam-
ple, Jones et al. [14] previously analysed video record-
ings of medication preparation and administration in
a simulated paediatric emergency setting to find which
steps of using the NHS Injectable Medicines Guide were
susceptible to misinterpretation and caused clinically sig-
nificant medication errors. The study suggests that 70%
of discrepancies in the guideline use process arose from
steps involved in finding the correct guideline (with using
the incorrect guideline for the patient’s age a significant
issue), contributing to 14 medication errors. As a result of
evidence such as this, written guidance that is contradic-
tory, incomprehensible or otherwise of poor quality [15],
as well as problems with instructions about procedures
[16], have been included in two frameworks describing
factors that contribute to patient safety incidents. Addi-
tionally, the clarity of writing and formatting of guidelines
have been recognised as two of six key domains influenc-
ing their uptake [17].

Given the challenges of interpreting and using guide-
lines, several studies have explored iterative ‘user testing’
and subsequent modification of documents as a structured
approach to improving the usability and utility of health-
related guidelines. While much of this work has studied
information aimed at patients and the public [18], more
recent work has tested this approach with clinical guide-
lines aimed at healthcare staff [19-21]. For example, Jones
et al. [21] found participants understood significantly more
information when interpreting medication administration
guidelines that had been modified following iterative user
testing, and that nurses using the revised guidelines made
fewer errors in an in situ simulation [22]. A cost-effective-
ness analysis concluded that user testing and modifying
this guideline had a 99% chance of being cost effective
[23].

However, no published study has examined guideline-
related errors across a whole health system or even a
whole organisation. Previous studies have focused on spe-
cific scenarios requiring a limited number of guidelines.
We therefore lack an overall picture of how and where
mistakes are made with the use of guidelines, what medi-
cation errors occur as a result, and which guidelines are
most often affected. An understanding of this would allow
the identification and prioritisation of areas in which to
apply user testing or other approaches to the improvement
of guidelines to support patient safety.

We therefore aimed to address this gap in the literature.
Our objectives were to identify guideline-related medication
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errors reported via a national incident reporting database; to
describe the types of error, stages of medication use, types
of guideline, drugs, specialties and clinical locations most
commonly associated with guideline-related medication
errors; and to make recommendations for both practice and
research in this area.

2 Methods

We carried out a retrospective analysis of medication errors
relating to clinical guidelines that had been reported to the
National Reporting and Learning System (NRLS) for Eng-
land and Wales.

2.1 Database and Searches

The NRLS collects data on patient safety incident reports
that are voluntarily and anonymously reported by staff work-
ing in the NHS and other healthcare organisations in Eng-
land and Wales. These reports include incidents and near
misses. The report template allows the input of categorical
data (e.g. incident type and location) as well as free-text
fields that allow staff to describe the incident, its perceived
causes and the actions taken. Incidents within the database
are classified by the reporter as having been linked to death,
severe harm, moderate harm, low harm or no harm.

To identify incident reports relating to guideline use, a
free-text field search was conducted by the national NRLS
team using the following search terms related to medicines
guidelines commonly used in England and Wales: BNF,
British National Formulary, Guideline, NICE, SPC, SmPC,
Summary of Product Characteristics, CKS, Clinical Knowl-
edge Summary/ies, Medusa, Injectable Medicines Guide
and IMG. The search was restricted to incidents reported to
the NRLS between 1 January 2016 and 31 December 2021
(inclusive) that had been classified by the reporter as medi-
cation incidents. The identified incident reports, including
both categorical and free-text data fields, were then supplied
to the research team.

2.2 Hierarchical Task Analysis (HTA)

Hierarchical task analysis (HTA), a method that describes
the workflow of a task or activity [24], was used as the basis
of this study. To develop this HTA, data from the identified
incidents reported to have resulted in moderate harm, severe
harm or death were first inductively coded to identify the
stage of the process of guideline use to which the incident
related. These inductive codes were then used to inform
the adaptation of an HTA from a previous study that was
specific to one guideline [14] to consider the use of guide-
lines in general. The adapted HTA describing the process
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of retrieving information from any medicines guideline is
shown in Fig. 1.

2.3 Coding of Medication Incident Reports

A list of all medication incidents that were linked by the
reporter to moderate or severe harm or death (608 reports),
plus a random sample of 5100 linked to no harm and low
harm, was generated using Microsoft Excel (Microsoft Cor-
poration, Redmond, WA, USA). This sample size was based
on pragmatic considerations and resources available. Each
report was then coded by one of a team of five research-
ers (all final-year Master of Pharmacy students), based on
the free-text descriptions of the incident, its causes and pre-
ventive actions. Any deviations from expected practice (as
described by the HTA) when retrieving information from a
medicines guideline were defined as ‘step discrepancies’.
Each step discrepancy was then further coded using a subset
of error modes (Box 1) adapted from those used in a previ-
ous study [14] that were drawn from a generic human error
taxonomy [25]. To focus on the initial cause of difficulties
using guidelines and to enable clear presentation of results
without ‘double counting’, only the first discrepancy of a
series of step discrepancies was coded. When a step dis-
crepancy was identified, the guideline(s) to which it related
was also coded. Separate codes were assigned to reports that
did not describe a step discrepancy or those for which it was
not clear whether or not a step discrepancy had occurred.
Coding was supported by operational definitions agreed by
the research team before coding commenced (electronic sup-
plementary material [ESM] Tables S1 and S2).

Prior to coding the data, the team of five researchers
each read relevant articles from the research and practice
literature and attended a series of meetings with experienced
medication safety pharmacist-researchers (BDF, SG and
MDJ) to discuss how the operational definitions should be
applied. To evaluate interrater reliability of coding among
the researchers, the team of five researchers, plus a sixth
researcher with specific expertise in this area, first inde-
pendently coded the same 100 randomly selected reports

Fig. 1 The hierarchical task
analysis describing the process
of retrieving information from a
medicines guideline

Box 1 Error modes used to code step discrepancies from expected
practice when retrieving information from a medicines guideline, as
described in the hierarchical task analysis

Error mode code Error mode description

Al Operation took too long

R1 Information not obtained

R2 Wrong information obtained

R3 Incomplete information obtained
R4 Information not sought

RS Information not available

Error modes coded ‘A’ are ‘action errors’ and those coded ‘R’ are
‘retrieval errors’ [25]

as a pilot. These six researchers then discussed cases where
there was disagreement and agreed some amendments to the
operational definitions (ESM Table S2). This revised frame-
work was subsequently used to code the remaining reports.

Following this, the team of five researchers each coded
1000 no-harm and low-harm cases and approximately 120
of the moderate, severe and death cases. After coding was
completed for all the cases, each reviewer double-coded a
further randomly selected 100 cases to further establish the
level of interrater reliability.

2.4 Data Analysis Processes

The coded data were analysed with descriptive statistics
using SPSS (version 27; IBM Corporation, Armonk, NY,
USA). The interrater reliability for the coding of error modes
was calculated using Fleiss’ kappa. The frequencies of dif-
ferent types of step discrepancy, error mode, guideline and
medicine were calculated. The total numbers of no-harm
and low-harm discrepancies in the entire NRLS data extract
were estimated using Eq. 1 (rounded to the nearest integer):

Th
Eh,s = Dh,s X C—h, (])

0
Retrieve information
from a medicines

guideline
Plan 0: do 1, 2, 3 in order

[ |

1 2 3
. . Find all relevant Read and correctly
Find the right . . o

s information within use all relevant

guideline(s)

the guideline(s) information
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)
28,217 incident reports identified
from search of NRLS free text
s fields for terms related to Records randomly removed
= commonly used medicines before screening (n = 22,509):
§ guidelines. These were self- Low harm (n = 3,236)
® reported to be linked to the No harm (n = 19,273)
8 following outcomes:
8 Death (n = 23)
3 Severe harm (n = 69)
Moderate harm (n = 516)
Low harm (n = 3,968)
No harm (n = 23,641)
] I
Reports code_d (n=5,708) Reports not describing an HTA
Death (n = 23) step discrepancy (n = 5,066)
o Severe harm (n = 69) - =
= Moderate harm (n = 516) : Death (n = 19) _
o _ Severe harm (n = 56)
o] Low harm (n = 732) ~
(3] No harm (n = 4,368) Moderate harm (n = 473)
' Low harm (n = 647)
No harm (n = 3,871)
See also Table 1
Reports describing an HTA step
— discrepancy (n = 642)
a2 Death (n =4)
= Severe harm (n = 13)
) Moderate harm (n = 43)
= Low harm (n = 85)
No harm (n = 497)
—

Fig.2 Summary of the incident report search and coding process followed during this study. HTA hierarchical task analysis, NRLS National

Reporting and Leaning System

E, ; = estimated total number of discrepancies from HTA
step ‘s’ in the entire NRLS data extract linked to harm level
g9

D), = number of incidents coded as discrepancies from
HTA step ‘s’ linked to harm level ‘i’

T, = total number of incidents in the entire NRLS data
extract linked to harm level ‘A’

C,, = number of incidents coded linked to harm level ‘A’

h = level of harm linked to an incident, either ‘no harm’
or ‘low harm’

s = HTA step number

This was not necessary for higher levels of harm, as all
the reports extracted from the NRLS were coded. Cross
tabulations of step discrepancies were made against the
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guideline involved, stage in the medicines use process, and
the care setting.

2.5 Ethics

We used exclusively anonymous data and therefore after
review through the University of Bath Ethical Implica-
tions of Research Activity process, no Ethics Committee
review was required. Data-sharing agreements were in place
between NHS England and each data analysis site. Identi-
fiable data were encrypted and were only accessible from
secured university systems.



Contribution of Guidelines to Medication Errors: Analysis of National Patient Safety Incident Data

393

Table 1 Number of incident reports coded as describing or not describing an HTA step discrepancy relating to use of guidelines

Number of reports coded

No harm Low harm Moderate harm Severe harm Death All levels

of harm
Reports describing an HTA step  Step 1 — find the right guideline(s) 238 36 17 6 3 300
discrepancy Step 2 — find all relevant informa- 129 26 7 4 166
tion within the guideline(s)
Step 3 —read and correctly use all 130 23 19 3 1 176
relevant information
Subtotal 497 85 43 13 642
Reports not describing an HTA Guideline not followed for reason 356 52 31 8 3 450
step discrepancy unrelated to the process of
retrieving information from a
guideline
Guideline not followed; reasons 1556 269 180 23 12 2040
unknown
Guideline content incorrect or 62 13 9 3 1 88
out-of-date
Report not related to guideline 1728 292 205 15 3 2243
use
Insufficient information to deter- 168 20 48 7 0 243
mine if guideline followed
Does not relate to a medication 1 1 0 0 0 2

incident

HTA hierarchical task analysis

3 Results

3.1 National Reporting and Learning System (NRLS)
Database Search

Our search strategy identified 28,217 incident reports of a
total of 1,238,649 medication errors reported to the NRLS
over the 6-year study period [26]. Of these 28,217, 23 were
reported to be linked to death, 69 to severe harm, 516 to
moderate harm, 3968 to low harm, and 23,641 to no harm.
All reports linked to death and severe and moderate harm
were coded, along with the random sample of 5100 low-
and no-harm reports, giving a total of 5708 reports coded
(Fig. 2).

3.2 Interrater Reliability

Fleiss’ kappa for interrater reliability during the pilot coding
(100 reports each coded by six researchers) was 0.43. Dur-
ing the main coding, this was 0.46 (random sample of 500
reports, each coded by two researchers).

3.3 HTA Step Discrepancies

A total of 642 reports of the 5708 coded described an HTA
step discrepancy leading to a medication incident (Table 1

and Fig. 2). Finding the right guideline was the HTA step
most often associated with a step discrepancy. The remain-
ing 5066 reports did not describe an HTA step discrepancy,
although in many cases this largely reflected lack of informa-
tion in the incident report. Scaling up using Eq. 1 produced
an estimate of approximately 3200 HTA step discrepancies
described in all 28,217 incident reports (Table 2).

All six error modes (Box 1) were involved in HTA step
discrepancies (Table 3). The most frequent type of discrep-
ancy was misunderstanding the correct guideline (HTA step
3, error mode R2). Other common types of discrepancy
included mistakenly using the wrong guideline (HTA step
1, error mode R2), relying on memory rather than checking
a guideline (HTA step 1, error mode R4), an organisation
not providing an appropriate guideline (HTA step 1, error
mode R5), using information from the wrong section of a
guideline (HTA step 2, error mode R2) and a guideline not
including the required information (HTA step 2, error mode
RS5). These were also the types of discrepancy associated
with reports of death and severe harm (Table 3), along with
an appropriate guideline being provided by the organisation
but not found by staff (HTA step 1, error mode R1).

HTA step discrepancies were associated with five main
types of guideline (Table 4), of which the most frequently
identified were guidelines produced by a specific local
organisation or group of organisations (‘local guidelines’).
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Table 2 Estimated number of incident reports describing or not describing an HTA step discrepancy relating to use of guidelines in the total

NRLS data extract

Estimated total number of
incidents®

Actual number of reports coded®

Estimated total®

No harm Low harm  Moderate harm Severe harm Death
Reports describing an Step 1 — find the right 1288 (85.4%) 195 (12.9%) 17 (1.1%) 6 (0.4%) 3(0.2%) 1509 (100.0%)
HTA step discrepancy guideline(s)?

Step 2 — find all relevant 698 (82.1%) 141 (16.6%) 7 (0.8%) 4(0.5%) 0(0.0%) 850 (100.0%)
information within the
guideline(s)d

Step 3 — read and cor- 704 (82.6%) 125 (14.7%) 19 (2.2%) 3(0.4%) 1(0.1%) 852 (100.0%)
rectly use all relevant
informationd

Subtotal® 2690 (83.8%) 461 (14.4%) 43 (1.3%) 13 (0.4%) 4(0.1%) 3211 (100.0%)

Reports not describing an  Guideline not followed; 1927 282 31 8 3 2251
HTA step discrepancy reason unrelated to HTA

Guideline not followed; 8422 1458 180 23 12 10,095
reasons unknown

Guideline content incor- 336 70 9 3 1 419
rect or out-of-date

Report not related to 9352 1583 205 15 3 11,158
guideline use

Insufficient information to 909 108 48 7 0 1072
determine if guideline
followed

Does not relate to a medi- 5 5 0 0 0 10

cation incident

24368 of a total of 23,641 no-harm incidents and 732 of a total of 3968 low-harm incidents were coded. The total number of no-harm and low-
harm discrepancies in the NRLS data extract was estimated using Eq. 1. This was not necessary for higher levels of harm as all the reports

extracted from the NRLS were coded

YExact counts (rather than estimates) are provided for incidents associated with moderate harm, severe harm and death as all of these incidents

were coded

“The estimated total number of incidents of any level of harm in the NRLS data extract was calculated by summing the estimated total number of
no- and low-harm incidents with the number of reports coded at the moderate, severe and death levels of harm

dPercentages are within each HTA step

HTA hierarchical task analysis, NRLS National Reporting and Learning System

Most reported HTA step discrepancies occurred during
one of two stages of the medicines use process, i.e. prescrib-
ing or administration (Table 5). Similarly, the most com-
mon types of medication error associated with HTA step
discrepancies were wrong or unclear doses, frequencies or
quantities, and the omission of medicines (ESM Table S3).

Fourteen medicines were mentioned in at least 10 inci-
dents that described an HTA step discrepancy (Table 6
ESM Table S4), including four antibiotics and three
anticoagulants.

The vast majority of reported HTA step discrepancies
occurred in acute hospitals (590 reports). Other settings
associated with one or more discrepancies were ambulance
services (19 reports), community services (19 reports), men-
tal health services (9 reports), community pharmacies (3
reports), general practice (1 report) and learning disability
services (1 report). Medical specialties were most frequently

A\ Adis

associated with HTA step discrepancies occurring in acute
hospitals (Table 7).

4 Discussion

A wide variety of difficulties occur in finding and using
information in clinical guidelines, some of which contrib-
ute to patient harm. Difficulty finding the correct guideline
was the most common type of guideline-related incident,
and several deaths were reported in incident reports fol-
lowing guideline-related medication errors. Difficulties
finding and using information were most frequently asso-
ciated with guidelines produced by specific local organisa-
tions (particularly acute hospitals) in relation to either the
prescribing or administration of typical ‘high risk’ paren-
teral drugs, particularly inappropriately omitted medicines
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Table 3 Number of HTA step discrepancies coded with each error mode, and an example of each

Number of reports coded Summary of example incident report (reported degree of harm)

HTA step Error mode*
All levels Death and
of harm severe harm
Step 1 — find the right guideline(s) Al 5 0
R1 30 1
R2 79 3
R3 41 0
R4 73 3
RS 72 2
Step 2 — find all relevant information ~ R1 1 0
within the guideline(s)®
R2 68 1
R3 20 0
RS 77 3
Step 3 — read and correctly use all Al 1 0
relevant information®
R1 33 0
R2 135 4
R3 3 0
R4 4 0

NHS Injectable Medicines Guide website offline, therefore administration of
intravenous metoprolol delayed (No harm)

Local unfractionated heparin intravenous infusion guideline not located on
hospital intranet, and ward’s printed copy lost. Infusion rate should have been
adjusted at 09:30 h, but was not reviewed until 19:00 h (No harm)

Elderly patient with infective exacerbation of bronchiectasis prescribed intrave-
nous tobramycin 10 mg/kg/day instead of 3 mg/kg/day, as the cystic fibrosis
guideline was inappropriately used. Patient developed acute kidney injury and
died (Death)

Intravenous omeprazole infusion administered at 0.6 mg/h instead of 8 mg/h.
Local guideline should have been used to clarify the infusion rate in addition
to the NHS Injectable Medicines Guide (No harm)

Paediatric insulin infusion prescribed without checking local guidelines.
Prescribed infusion rate was 10 times too high and was administered for 1 h,
leading to hypoglycaemia (Severe)

Patient not prescribed venous thromboembolism prophylaxis on discharge for
28 days following cancer-related surgery, as no local guideline for specific
type of surgery. Patient readmitted with deep vein thrombosis after 7 days
(Moderate)

Information on contraindication of morphine in severe headache not found in
the Joint Royal Colleges Ambulance Liaison Committee guideline, therefore
inappropriately administered (No harm)

Prescribed nitrofurantoin to a first-trimester pregnant patient (contraindicated),
as followed ‘non-pregnant’ section of the urinary tract infection guidelines
(No harm)

Intravenous phenytoin infusion administered without an inline filter as this
advice was not noticed in the NHS Injectable Medicines Guide (No harm)

Patient with poor renal function prescribed gentamicin for sepsis. Local guide-
lines advised obtaining advice from a microbiologist in this situation, but this
advice was unavailable at the time (03:00 h). Subsequent gentamicin plasma
levels were high (Low)

Amiodarone infusion administered 2 h late due to discussion between nursing
staff around the meaning of information provided in the NHS Injectable
Medicines Guide (Low)

Labetalol intravenous infusion administered several hours late as nursing staff
could not understand NHS Injectable Medicines Guide advice. Eventually
administered in accordance with colleagues’ advice (No harm)

Child prescribed 150 mg of oral cefalexin instead of 75 mg, due to misreading
of the British National Formulary (No harm)

Psychiatrist recommended increasing a patient’s zuclopenthixol decanoate
depot injection from 600 mg to 1 g every 2 weeks. Pharmacist used British
National Formulary and Summary of Product Characteristics to confirm this
was within the maximum monthly dose, but did not notice that the maximum
single dose should be 600 mg. Error detected after patient discharge, leading
to community review of treatment options (Low)

Morphine and codeine prescribed for a palliative care patient with severe renal
impairment. Online palliative care guideline had been used but prescriber did
not seek relevant information on prescribing these drugs in renal impairment
(No harm)

*Errors modes: Al = operation took too long; R1 = information not obtained; R2 = wrong information obtained; R3 = incomplete information

obtained; R4 = information not sought; RS = information not available

"No HTA step 2 discrepancies were coded with error mode R4
“Error mode R5 was not applicable to HTA step 3
HTA hierarchical task analysis, NHS National Health Service

and incorrect drug doses or frequencies. Approximately
3200 guideline-related incidents are a small proportion of
the more than 1.2 million medication errors reported to

the NRLS during the study period, let alone the 237 mil-
lion medication errors estimated to occur in England each
year [1]. However, this figure is likely to be a significant
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Table 4 Number of HTA step discrepancies associated with specific types of guidelines

HTA step BNF Local guideline NHS Injectable NICE SPC Other Unknown
Medicines Guide guideline guideline® guideline®
Step 1 — find the right guideline(s) 36 193 6 8 36 12
Step 2 — find all relevant information 11 104 2 7 19 13
within the guideline(s)
Step 3 — read and correctly use all 25 108 1 6 19 6
relevant information
Total® 72 405 9 21 74 31

#Other guidelines were typically nationally published guidelines on specialist topics, such paediatrics, mental health or the administration of

medicines to patients with swallowing difficulties

®The type of guideline was unknown when insufficient information was given in the incident report

“Some discrepancies were associated with more than one guideline, therefore the table sums to more than the 642 identified HTA step discrepan-

cies

BNF British National Formulary, HTA hierarchical task analysis, NHS National Health Service, NICE National Institute for Health and Care

Excellence, SPC Summary of Product Characteristics

Table 5 Number of HTA step discrepancies associated with each stage of the medicines use process and the associated types of guideline

Prescribing”  Prepara- Supply Administration® Monitoring® Advice® Other process®
tion or of OTC
dispensing®  medicine*
Total number of HTA step dis- 277 (100.0%) 22 (100.0%) 3 (100.0%) 241 (100.0%)  35(100.0%) 23 (100.0%) 41 (100.0%)

crepancies associated with each
medicines use process

Number of times specific types of guideline were associated with an HTA step discrepancy at each stage of the medicines use process®

BNF 50 (18.1%)  3(13.6%)  1(333%)  13(54%) 2(5.7%)  1(43%)  2(4.9%)
Local guideline 185 (66.8%) 14 (63.6%) 1(333%)  134(55.6%)  27(77.1%) 11 (47.8%) 33 (80.5%)
NHS Injectable Medicines Guide 13@7%)  5227%)  0(0.0%) 56 (23.2%) 0(0.0%)  6(26.1%) 2 (4.9%)
NICE guideline 3(1.1%) 0 (0.0%) 0 (0.0%) 4(1.7%) 00.0%)  143%  1(24%)
SPC 8 (2.9%) 0 (0.0%) 1333%)  8(3.3%) 0(0.0%)  3(13.0%) 1(2.4%)
Other guideline® 28 (10.1%)  0(0.0%) 1(333%)  38(15.8%) 38.6%)  2(87%)  2(4.9%)
Unknown guideline 1969%)  2(9.1%) 0 (0.0%) 7 (2.9%) 2(5.7%) 0(0.0%)  1(2.4%)

“Percentages are within each medicines use stage

®Some discrepancies were associated with more than one guideline and other discrepancies involved failure to consult any guideline (HTA step
1, error mode R4), therefore column totals for both counts and percentages differ to the total number of HTA step discrepancies associated with

each medicines use process

“Other guidelines were typically nationally published guidelines on specialist topics, such as paediatrics, mental health or the administration of

medicines to patients with swallowing difficulties

IThe type of guideline was unknown when insufficient information was given in the incident report

BNF British National Formulary, HTA hierarchical task analysis, NHS National Health Service, NICE National Institute for Health and Care
Excellence, OTC over the counter, SPC Summary of Product Characteristics

underestimate, as 40% of reports contained insufficient
information to determine whether they were linked to dif-
ficulties finding and using information in clinical guide-
lines. In addition, it is likely that the initial search of the
NRLS database did not recover all reports of guideline-
related incidents, especially as awareness of the contribu-
tion to medication errors of difficulties finding and using
information is likely to be low among incident reporters.
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4.1 Comparison with Previous Literature

The present study makes an important contribution to the
literature by providing the first detailed examination of how
difficulties in the use of guidelines contribute to medica-
tion errors in clinical practice. Previous studies of medica-
tion errors have identified that difficulties using guidelines
can contribute to both prescribing [3-9] and administration



Contribution of Guidelines to Medication Errors: Analysis of National Patient Safety Incident Data 397

Table 6 Medicines mentioned in at least 10 incidents that described
an HTA step discrepancy (for a list of all medicines, see ESM
Table S4)

Medicine Number of associated
HTA step discrepancies
Gentamicin 38
Insulins 32
Heparin 19
Vancomycin 19
Paracetamol 18
Dalteparin 17
Enoxaparin 16
Ceftriaxone 14
Amiodarone 13
Morphine 13
Parenteral nutrition 12
Potassium chloride 11
Teicoplanin 11
Glucose 10
Total for this table 233

HTA hierarchical task analysis

errors [10-13]. However, these have not considered the
guidelines use process in sufficient detail to identify that
problems with both finding and using information can
contribute to medication errors. The exception is a study
of simulated rather than actual practice, which identified
21 guidelines-use discrepancies contributing to a medica-
tion error, of which 14 discrepancies related to finding the
guideline and seven discrepancies related to reading it [14].
Similarly, previous user testing studies have identified prob-
lems finding and understanding information in guidelines,
but were not designed to investigate a subsequent contribu-
tion to medication errors [19, 20, 27, 28].

The present study is also the first to quantify the reported
level of harm associated with guideline-related medication
incidents in practice, although a previous in sifu simulation

study that compared the use of ‘standard’ and ‘modified
following iterative user testing’ intravenous administra-
tion guidelines rated the potential clinical significance of
280 guideline-related errors [22]. Six were likely to result
in severe consequences, 214 in moderate consequences and
60 in minor consequences. As this previous study considered
only the high-risk route of intravenous drug administration,
it is unsurprising that the present study (which includes all
routes of drug administration) observed a lower proportion
of harmful incidents.

The contribution of guidelines produced by local organi-
sations to medication errors has not been investigated by
previous studies, although this has been highlighted in rela-
tion to national guidelines such as the British National For-
mulary (particularly dose and frequency errors) [4, 29] and
the NHS Injectable Medicines Guide [14, 22]. The present
study is also the first to investigate all types of guideline-
related medication incident and has thus demonstrated an
approximately equal contribution to both prescribing and
administration errors, whereas previous studies were not
able to draw comparisons between types of medication error.

4.2 Implications for Practice

The results suggest that actions to reduce the contribution of
difficulties finding and using information in clinical guide-
lines to medication errors may reduce medication-related
harm. This especially applies to local guidelines relating to
both the prescribing and administration of high-risk drugs in
acute settings. Such work should focus on how easily acces-
sible guidelines are, as well as the guidelines themselves.
Both simplicity of the message given within guidelines and
the formatting of guidelines may be important to address
[17], and iterative user testing and subsequent modifica-
tion of guidelines may be an effective technique to address
these concerns [19, 20, 22, 27]. While local hospital guide-
lines were the most commonly identified as contributing
to errors, and focusing on these is therefore important, the

Table 7 Number of HTA step discrepancies associated with various acute hospital specialties

HTA step Accident Anaesthesia, Children's Dentistry Diag- Medical  Obstetrics Surgical ~ Other
and emer-  pain and critical  specialties nostic special-  and gynaecol- special-
gency care services  ties ogy ties
Step 1 — find the right 32 17 10 1 3 80 25 30 73
guideline(s)
Step 2 — find all relevant 13 6 5 1 3 52 18 23 34
information within the
guideline(s)
Step 3 —read and correctly 24 7 12 0 2 44 12 21 42
use all relevant information
Total 69 30 27 2 8 176 55 74 149

HTA hierarchical task analysis
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same principles should also be applied to all guidelines. In
addition, those reporting, monitoring and investigating med-
ication-related incidents should be aware of guidelines as a
potential contributing factor and ensure details are reported
and appropriate actions taken.

4.3 Implications for Future Research

The process of iterative user testing and modification
of intravenous drug administration guidelines has been
shown to reduce the frequency of medication administra-
tion errors and is a cost-effective approach [22, 23], but
this has not been investigated for the prescribing errors
linked to local guidelines that were prevalent in the find-
ings of the present study. This question should therefore
be addressed by future research, as user testing and sub-
sequent modification has the potential to improve local
prescribing guideline design and thus prevent medication
errors. Such research should also focus on the develop-
ment of user testing processes that are feasible given the
resources available within individual healthcare providers.
While iterative user testing and subsequent modification
has been shown to make it easier for health profession-
als to find and understand information within one specific
guideline [19, 20, 27], it does not address the process of
finding the correct guideline to use, which contributed to
many of incidents reported in the present study. Future
research should therefore investigate whether techniques
such as iterative usability testing of wider guideline infor-
mation systems [28] are able to prevent further medication
errors. Given the limitations of research based on volun-
tary reporting of medication incidents, future studies uti-
lising prospective qualitative or quantitative data collec-
tion from staff involved in incidents would give greater
certainty about the characteristics and prevalence of guide-
line-related medication errors. This is especially impor-
tant in sectors such as primary care, which are under-
represented in the voluntary incident report data used in
the present study. In addition, all future research into the
causes of medication errors should consider the potential
contribution of difficulties finding and using information
in guidelines.

4.4 Strengths and Limitations

A retrospective analysis of a national database has the
advantage of giving a broad pool of evidence across dif-
ferent locations and settings within England and Wales.
However, incident reports have a number of limitations. The
most significant of these is underreporting, with as few as
0.12% of patient safety incidents reported [30-32], leading
to underestimation of the number of medication errors. In
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particular, rates of reporting are influenced by local organi-
sational culture and awareness, and are much higher from
secondary care. In addition, it is only mandatory for NHS
organisations to report incidents leading to death or severe
harm to the national NRLS system. Reports from patients
and carers are generally not included. Incident reports are
often submitted before completion of a local investigation
and hence there may be missing data, especially on contribu-
tory factors. Therefore, many reports did not contain suf-
ficient information to determine whether or how guidelines
contributed to errors. Furthermore, the level of harm result-
ing from the incident may not have been clear at the time of
report, hence NRLS database reports may relate to actual or
potential harm based only on the judgement of the reporter.

It is likely that the initial database search missed some
relevant reports. An inductive approach to this free-text
field search, with additional search terms identified from
the results of initial searches, might have increased the
sensitivity of this stage. The fact that so many errors were
related to guidelines, despite these limitations, strengthens
our finding that guidelines are an important area to address
in medication safety.

Another limitation was the relatively low interrater reli-
ability for coding to the stages of the HTA process. This
may also have been due to the limited level of informa-
tion in the reports. As a result of this, findings need to be
interpreted with some caution. As only the first of a series
of step discrepancies occurring in one incident was coded,
any chains of discrepancies were not recorded. Finally, the
database relates to England and Wales only, therefore it is
uncertain as to how far the findings are generalisable to
other countries.

5 Conclusion

Difficulties finding and using information in clinical guide-
lines (especially those produced by local healthcare organ-
isations) could contribute to thousands of prescribing and
medication administration incidents, some of which are
associated with substantial patient harm. Further develop-
ment and implementation of techniques that may be effec-
tive in preventing such incidents (such as iterative user
testing and subsequent guideline modification) is required.
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