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Abstract

Objective

Limited evidence concerning the burden and predictors of omitted medication doses within

mental health hospitals could severely limit improvement efforts in this specialist setting.

This study aimed to determine the prevalence, nature and predictors of omitted medication

doses affecting hospital inpatients in two English National Health Service (NHS) mental

health trusts.

Methods

Over 6 data collection days trained pharmacy teams screened inpatient prescription charts

for scheduled and omitted medication doses within 27 adult and elderly wards across 9 psy-

chiatric hospitals. Data were collected for inpatients admitted up to two weeks prior to each

data collection day. Omitted doses were classified as ‘time critical’ and ‘preventable’ based

on established criteria. Omitted dose frequencies were presented with 95% confidence

intervals (CI). Multilevel logistic regression analyses determined the predictors of omitted

dose occurrence, with omission risks presented as adjusted odds ratios (OR) with 95% CI.

Results

18,664 scheduled medication doses were screened for 444 inpatients and 2,717 omissions

were identified, resulting in a rate of 14.6% (95% CI 14.1–15.1). The rate of ‘time critical’

omitted doses was 19.3% (95% CI 16.3–22.6%). ‘Preventable’ omitted doses comprised

one third of all omissions (34.5%, 930/2694). Logistic regression analysis revealed that

medicines affecting the central nervous system were 55% less likely to be omitted compared
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to all other medication classes (9.9% vs. 18.8%, OR 0.45 (0.40–0.52)) and that scheduled

doses administered using non-oral routes were more likely to be omitted compared the oral

route (inhaled OR 3.47 (2.64–4.57), topical 2.71 (2.11–3.46), ‘other’ 2.15 (1.19–3.90)). ‘Pre-

ventable’ dose omissions were more than twice as likely to occur for ‘time critical’ medica-

tions than non-time critical medications (50.4% vs. 33.8%, OR 2.24 (1.22–4.11)).

Conclusions

Omitted medication doses occur commonly in mental health hospitals with ‘preventable’

omissions a key contributor to this burden. Important targets for remedial intervention have

been identified.

Introduction

Ensuring that medicines are managed appropriately is essential to facilitate the ongoing treat-

ment and recovery for many patients with mental health problems [1]. Within the mental

health hospital setting, there are a number of unique factors which could influence the quality

and safety of medicines management processes including the health care system (e.g. presence

of medicines reconciliation [2], mental health legislation [3], and drug administration prac-

tices [4, 5]), medicines used (e.g. high risk drug monitoring [6, 7], high dose/combination psy-

chotropic prescribing [8]) and patient population (e.g. high physical health co-morbidity [9],

limited insight into illness and disturbed/withdrawn behaviours [10]).

Unsafe use of medicines has recently been highlighted as a chief cause of preventable harm

in health care worldwide [11], with the World Health Organisation (WHO) making under-

standing and improving medication-related harm a global priority in 2017 [12]. Within psy-

chiatric hospitals, international evidence suggests that patients are frequently placed at risk

from medication errors and their adverse consequences [13], with medication administration

errors (MAE) one of the most common error types [13–16]. The origins of many MAEs are

multifactorial, with important differences to general hospitals [10, 17].

Studies investigating the burden of MAEs in mental health hospitals consistently highlight

omitted medication doses as among the most frequently observed or reported MAEs [17–19].

Omitted doses are those that are prescribed but not administered and the risk they pose to

patient safety was highlighted in a patient safety alert issued in 2010 which described 183 cases

of harm resulting from delayed or omitted dose incidents (n = 21,383) reported across England

and Wales between September 2006 –June 2009. However, only 6.3% of the total reports origi-

nated from psychiatric settings [20].

Whilst more general studies of MAEs across mental health and general hospitals may pro-

vide data concerning the overall frequency of omitted doses, they do not contain sufficient

detail to understand their nature (e.g. medications involved and underlying reasons especially

unavailable drugs or ‘blank boxes’ not signed for administration which may be preventable) or

predicting factors [13, 21]. More in-depth investigations focusing on omitted doses have

helped address these needs in general hospitals including highlighting the a significant propor-

tion of potentially ‘preventable’ omissions [22–24], but this data may not be generalizable to

mental health hospitals and the evidence base in psychiatry is largely absent except for two sin-

gle site UK studies restricted to reported missing signatures for medicines administration [25]

and overall omitted dose rates within elderly care [26]. This highlights a need for further

research across multiple mental health hospitals that explores in detail the type, preventability

Burden and predictors of omitted doses in psychiatric hospitals
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and predictors of omissions to guide development of remedial interventions. This study there-

fore aimed to determine the prevalence, nature and predictors of omitted medication doses

affecting inpatients in two English mental health NHS trusts.

Methods

Definitions

We defined an omitted medication dose as ‘a dose of prescribed medication that is not admin-

istered before the next dose is due’ [23]. ‘Preventable’ omitted doses were defined as those

without a reason for omission specified on the patient’s medication chart, or with a reason due

to unavailability of medication at the time of administration [27]. The remaining categories of

dose omission considered to be ‘non-preventable’ were patient refusal, omission for a clinical

reason/prescriber direction, patient asleep or ‘other’. ‘Time critical’ doses were defined as

those which carry an increased risk of patient harm if a single dose is omitted, and included

any of the following based on established criteria [20]: insulin, Parkinson’s disease medica-

tions, anti-infective medications (excluding topical formulations), and anti-coagulants.

Setting

This study was conducted across 9 hospitals containing 27 acute adult and elderly wards within

two English mental health NHS trusts. Specialist wards such as long-stay forensics, intensive

care and child and adolescent care were excluded. A total of 11 hospitals were managed by the

trusts, with 1 excluded from the study as it contained long stay forensic units and the other

due to local resource constraints. Both trusts utilised inpatient paper prescription and medica-

tion administration charts. The study sites each employed pharmacy teams to perform ward

duties including medicines supply, medicines reconciliation and medication related advice.

Medication supplies were co-ordinated utilising on-site or off-site dispensary services. Nursing

staff administered medications to patients during 4 scheduled rounds (morning, lunchtime,

early evening, night time). With the exception of elderly units, patients were required to attend

the ward clinic/treatment room to receive their medications. Across all wards and particularly

on the elderly units, ‘runners’ (usually trained health care assistants or nurses) were frequently

utilised to bring patients to the clinic room or to take medications directly to patients for

administration [4]. In order to record drug administration activity, nurses initialled a box on

the prescription chart specific for particular doses, and the date/time they successfully admin-

istered it; if the dose was omitted for any reason the nurse was instructed to enter a code per-

taining to the reason for the dose omission.

Data collection

Data were collected on 6 pre-arranged data collection days between September–December

2015. The number of data collection days was chosen based on local NHS trust capacity and

were scheduled to ensure data were collected over a 3 month period to better reflect usual

working practices. Data collection days took place on weekdays separated by at least 2 weeks to

ensure no duplication of data. Both pharmacists and pharmacy technicians could collect data.

Paper inpatient prescription charts were screened for all patients on the eligible wards who

were prescribed at least one regular medication and were admitted up to 14 days prior to each

data collection day. This meant that a maximum of 14 days’ worth of scheduled doses could be

collected per patient. Patients transferred from other NHS organisations were considered new

admissions, whereas internal NHS trust patient transfers were considered continuous

admissions.

Burden and predictors of omitted doses in psychiatric hospitals
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Data collection included all scheduled and omitted doses due at any time of day or any day

of the week during each patient’s screening period. Eligible medications were any listed in the

British National Formulary (BNF) [28]. Information recorded included ward type (adult/

elderly), patient age/gender, medication names/forms/routes, weekend or weekday, medica-

tion round, and reason for any dose omissions. As required (pro re nata) medication doses

were excluded, as were any medication doses scheduled when the patient was temporarily off

the ward (e.g. periods of leave). Only regular and ‘stat’ once only prescriptions active on the

day of data collection were considered eligible for inclusion in the study; previously cancelled

prescription items were excluded. Pharmacy teams examined re-written prescription charts to

confirm patient eligibility and screen 14 days’ worth of data.

Standardised training for pharmacist and pharmacy technician data collectors employed by

the study sites involved a face-to-face seminar including an introduction to the study and guid-

ance with completing the data collection forms. A data collection guidebook was also made

available throughout the study and teams could contact the researchers with queries.

Data analysis

Data were collated and entered into a Microsoft Excel1 database by RNK, KB and GHA. Data

analysis proceeded using STATA v151. Descriptive statistics were employed to determine the

point prevalence and nature of omitted doses. Rates of total omitted dose, ‘preventable’ omit-

ted doses, and total/’preventable’ omitted doses involving ‘time critical’ medications were cal-

culated by dividing the total number of relevant omitted doses by the total number of eligible

scheduled doses and were presented using frequencies and 95% confidence intervals (CI).

Adjusted outcome rates were also presented for total and ‘time critical’ doses based on the

hierarchical structure of the data.

Mixed effects logistic regression modelling was conducted to determine potential associa-

tions between total and ‘preventable’ omitted dose outcomes and covariates. The analyses

accounted for the multi-level data structure, with doses nested within patients and patients

nested within wards. Individual hospitals and NHS trusts were treated as fixed effects in the

model. Given the complexity of the data structure, each potential covariate was considered, in

turn, in a series of univariable models. Co-variates included ward type, day of week, medica-

tion round, administration route, medication class, ‘time critical’ medication, patient age and

gender. Covariates with a p-value of<0.2 were included in a multivariable model. Non-signifi-

cant (p>0.05) covariates were then removed, one at a time, leaving the most parsimonious

model. Adjusted odds ratios (ORs) and 95% confidence intervals are presented to give context

to the findings, with p<0.05 used to express statistical significance.

Ethical approval

The study was approved by The University of Manchester Research Ethics Committee 5 (sub-

mission 15326) and by the audit departments at each participating NHS trust. Data were fully

pseudonymised by data collectors before being sent to the research team; no patient identifi-

able data was accessible during analysis. Individual patient consent was not required by the

research ethics committee for this retrospective service evaluation study.

Results

A total of 18,664 scheduled medication doses were screened across 6 data collection days.

These doses were intended for 444 inpatients residing on 27 wards, with the range of individ-

ual scheduled doses per ward and per patient reported as 134–1474 (mean 691) and 1–298

(mean 42), respectively.

Burden and predictors of omitted doses in psychiatric hospitals
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Total omitted doses

Pharmacy teams identified 2,717 omissions with a resulting crude omission rate of 14.6%

(95% CI 14.1–15.1) of scheduled doses. After adjusting for clustering of dose omissions within

individual patients, the omitted dose rate was 8.7% (95% CI 6.41–11.77%). Variability in omit-

ted dose rates was observed across patient age, route of administration, medication round and

therapeutic drug groups, with ‘skin’ having the highest omission rate (BNF Chapter 13, 120/

314, 38.2%) and ‘central nervous system’ having a lower rate (9.9%, 890/8,951). There was also

a large difference in omission rate between the lunchtime and night time medication rounds

(20.0%, (313/1,562) vs. 12.5% (719/5,769)). The oral route of administration had the largest

proportion of scheduled doses (92%) but the lowest omitted dose rate (13.3%, 2,287/17,160),

with inhaled route more than double this (28.9%, 200/691). The rate of overall omissions

including various subcategories is summarised in Table 1.

‘Time critical’ total omissions. Of the 18,664 scheduled doses, 637 were considered to be

‘time critical’. A total of 123 of these were identified as omissions, giving a crude ‘time critical’

omission rate of 19.3% (95% CI 16.3–22.6%); the corresponding adjusted rate was 13.6% (95%

CI 4.8–33.3%). The majority of administrations in this category were for oral medication (528/

637, omission rate 21.8%; ‘other’ route 8/109, 7.3%). Male patients had an omission rate more

than twice that of females (28.7% (86/300) vs. 11.0% (37/337)). Please see Table 2 for more

details.

‘Preventable’ omitted doses

Of the 2,717 omitted doses recorded, 23 did not have a ‘reason’ specified leaving 2,694 which

could be considered ‘preventable’ or ‘non-preventable’. Following categorisation, a total of

34.5% (930/2694) were considered to be ‘preventable’. Of these, the majority (58.1%, 540/930)

were classified as ‘unavailable drug’. The remaining ‘non-preventable’ omitted doses were

most commonly patient refusal (1550/1764, 87.9%). Preventable doses are summarised in

Tables 1, 2 and 3.

The topical and inhaled routes of drug administration had ‘preventable’ omitted dose rates

more than triple that of the oral route (topical 14.7% (96/652); inhaled 15.5% (106/683); oral

4.2% (722/17,148)). The night time medication round was associated with an omission rate

nearly half that of the early evening round (3.8% (219/5,764) vs. 6.9% (157/2,271)). The rate of

‘time critical’ ‘preventable’ dose omissions was twice that of ‘non-time critical’ omissions

(9.7% (62/637) vs. 4.8% (868/18,004)). See Table 1 for more details.

‘Time critical’ preventable omissions. Half of all ‘time critical’ dose omissions were

recorded as ‘preventable’ (62/123, 50.4%). Of these, the vast majority (64.5%, 40/62) were

‘unavailable drug’. See Tables 2 and 3.

Predictors of omitted doses

Multivariate analysis–total omitted doses. Multivariate analysis revealed that, compared

to the morning medication administration round, the lunchtime (OR 1.58 (1.33, 1.88)) and

early evening rounds (OR 1.24 (1.06, 1.45), both p<0.001) were associated with a statistically

significant higher risk of any dose omission (there was no difference for night time rounds

(OR 0.92 (0.81, 1.04)). In respect to administration route; compared to oral the topical (OR

2.71 (2.11, 3.46)), inhaled (OR 3.47 (2.64, 4.57)) and ‘other’ (including injectable, OR 2.15

(1.19, 3.90)) routes were all significantly associated with increased dose omission risk (all

p<0.001). In contrast, the ‘central nervous system’ BNF chapter was associated with a 55%

lower risk of omitted doses than all other chapters combined (OR 0.45 (0.40, 0.52), p<0.001).

No significant associations were identified in univariate analysis for ward type, day of the

Burden and predictors of omitted doses in psychiatric hospitals
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Table 1. Crude rate of total and ‘preventable’ omitted doses across subcategories.

Category Percentage (%) crude rate for total omitted doses (numerator

/ denominator)

Percentage (%) crude rate for ‘preventable’ omitted doses

(numerator / denominator)

BNF1: Gastrointestinal

System

15.8% (267/1,688) 3.9% (65/1,686)

BNF2: Cardiovascular

System

15.8% (347/2,198) 6.6% (144/2,195)

BNF3: Respiratory System 22.3% (197/883) 12.9% (113/875)

BNF4: Central Nervous

System

9.9% (890/8,951) 2.8% (248/8,950)

BNF5: Infection 27.2% (108/397) 14.7% (58/395)

BNF6: Endocrine System 17.4% (158/910) 5.5% (50/910)

BNF7: Genito-urinary

System

19.5% (30/154) 10.4% (16/154)

BNF8: Immune /

Malignancy

3.3% (1/30) 3.3% (1/30)

BNF9: Blood and Nutrition 18.7% (513/2,744) 5.2% (143/2,738)

BNF10: Musculoskeletal 8.3% (8/97) 5.2% (5/97)

BNF11: Eye 25.9% (42/162) 9.3% (15/162)

BNF12: Ear, Nose,

Oropharynx

26.5% (36/136) 17.8% (24/135)

BNF13: Skin 38.2% (120/314) 15.3% (48/314)

Total 18,664 18,641�

Oral route 13.3% (2,287/17,160) 4.2% (722/17,148)

Topical route 28.5% (224/786) 14.7% (96/652)

Inhaled route 28.9% (200/691) 15.5% (106/683)

Other route�� 22.2% (6/27) 3.8% (6/158)

Total 18,664 18,641�

Morning round 14.5% (1,315/9,058) 5.0% (452/9,045)

Lunchtime round 20.0% (313/1,562) 6.5% (102/1,561)

Early evening round 16.3% (370/2,275) 6.9% (157/2,271)

Bedtime round 12.5% (719/5,769) 3.8% (219/5,764)

Total 18,664 18,641�

Adult ward 13.9% (1,935/13,931) 5.2% (719/13,913)

Elderly ward 16.5% (782/4,733) 4.5% (211/4,728)

Total 18,664 18,641�

Male patients 11.5% (955/8,290) 4.0% (335/8,277)

Female patients 17.0% (1,762/10,374) 5.7% (595/10,364)

Total 18,664 18,641�

Patient age between 18–34 14.8% (489/3,316) 5.6% (184/3,312)

Patient age between 35–44 9.8% (387/3,935) 3.7% (145/3,933)

Patient age between 45–54 15.3% (487/3,175) 5.7% (181/3,169)

Patient age between 55–64 13.3% (265/1,987) 6.2% (124/1,987)

Patient age between 65–74 15.4% (520/3,369) 3.6% (121/3,361)

Patient age between 75–94 19.7% (569/2,882) 6.1% (175/2,879)

Total 18,664 18,641�

Weekday doses 14.7% (2,125/14,436) 4.8% (698/14,421)

Weekend doses 14.0% (592/4,228) 5.5% (232/4,220)

Total 18,664 18,641�

‘Time critical’ dose 19.3% (123/637) 9.7% (62/637)

‘Non time critical’ dose 14.3% (2,571/18,027) 4.8% (868/18,004)

(Continued)
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week, patient age, patient gender and ‘time critical’ medications were not taken forward to

multi-variate analysis. Details of the predictor analysis for total omitted doses are presented in

Table 4.

Multivariate analysis–‘preventable’ omitted doses. Compared with ‘non-preventable’

omissions, ‘preventable’ omitted doses were reported to be twice as likely to occur with ‘time

critical’ doses than ‘non-time critical’ doses (OR 2.24 (1.22–4.11), p = 0.01). ‘Preventable’ dose

omissions were 46% more likely to occur than ‘non-preventable’ omissions for the early even-

ing medication round (OR 1.46 (1.01–2.12), p<0.001, compared to morning) and were 37%

Table 1. (Continued)

Category Percentage (%) crude rate for total omitted doses (numerator

/ denominator)

Percentage (%) crude rate for ‘preventable’ omitted doses

(numerator / denominator)

Total 18,664 18,641�

BNF: British National Formulary [28] � Excludes 23 doses without reason for omission specified �� Includes injections

https://doi.org/10.1371/journal.pone.0228868.t001

Table 2. Crude rate of ‘time critical’ medication omissions across subcategories.

Category Percentage (%) crude rate (numerator & denominator)

Total omitted doses ‘Preventable’ omitted doses

Oral route 21.8% (115/528) 50.4% (58/115)

Topical route 0% (0/0) 0% (0/0)

Inhaled route 0% (0/0) 0% (0/0)

Other route� 7.3% (8/109) 50.0% (4/8)

Total 637 123��

Morning round 20.2% (58/287) 51.7% (30/58)

Lunchtime round 31.0% (22/71) 63.6% (14/22)

Early evening round 12.1% (17/141) 47.1% (8/17)

Bedtime round 18.8% (26/138) 38.5% (10/26)

Total 637 123��

Adult ward 19.1% (82/430) 68.3% (56/82)

Elderly ward 19.8% (41/207) 14.6% (6/41)

Total 637 123��

Male patients 28.7% (86/300) 50.0% (43/86)

Female patients 11.0% (37/337) 51.4% (19/37)

Total 637 123��

Patient age between 18–34 31.6% (43/136) 67.4% (29/43)

Patient age between 35–44 3.5% (6/171) 100% (6/6)

Patient age between 45–54 46.4% (26/56) 76.9% (20/26)

Patient age between 55–64 4.8% (1/21) 0% (0/1)

Patient age between 65–74 16.9% (20/118) 10.0% (2/20)

Patient age between 75–94 20.0% (27/135) 18.5% (5/27)

Total 637 123��

Weekday doses 20.8% (104/499) 51.9% (54/104)

Weekend doses 13.8% (19/138) 42.1% (8/19)

Total 637 123��

� Includes: injectable medication

�� Excludes doses without a reason specified

https://doi.org/10.1371/journal.pone.0228868.t002
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less likely for the night time medication round (OR 0.63 (0.46–0.86), p<0.001). The inhaled

route of administration (OR 1.83 (1.06–3.16), compared to oral) was found to be more likely

to be associated with ‘preventable’ rather than ‘non-preventable’ dose omissions (p<0.01),

with the ‘other’ administration route 85% less likely to be associated with ‘preventable’ than

‘non-preventable’ omissions (OR 0.15 (0.04–0.58), p = 0.006). Patients residing on elderly

wards were 74% less likely to experience a ‘preventable’ omission compared to a ‘non-prevent-

able’ omission compared to those on adult wards (OR 0.26 (0.08–0.79), p = 0.018), and ‘pre-

ventable’ omissions were more than three times more likely on weekends compared to

Table 3. Frequency of omitted dose reasons by category.

Category Frequency (%)

‘Non-preventable’ omitted doses ‘Preventable’ omitted doses Total

Clinical reason Patient refusal Patient asleep Other Unavailable drug Not signed

All omitted doses 100 (3.7) 1550 (57.5) 70 (2.6) 44 (1.6) 540 (20.0) 390 (14.5) 2694 (100)

‘Time critical’ omitted doses 2 (1.6) 55 (44.7) 3 (2.4) 1 (0.8) 40 (32.5) 22 (17.9) 123 (100)

https://doi.org/10.1371/journal.pone.0228868.t003

Table 4. Univariable and Multivariable Associations from Logistic Regression Analyses of Total Omitted Doses on Patient-, Drug/ Dose- and Ward-Specific

Covariates.

Covariate Category Odds Ratios for Associations between Omitted Dose and Covariates

Univariable Multivariable

Coefficient

(95% C.I.)

p-value Coefficient

(95% C.I.)

p-value

Ward Type Adult Reference 0.025 NS

Elderly 2.01 (1.09, 3.71)

Day of the Week Weekday Reference 0.215 NS

Weekend 1.08 (0.96, 1.22)

Medicines Administration Round Morning Reference <0.001 Reference <0.001

Lunchtime 1.49 (1.26, 1.77) 1.58 (1.33, 1.88)

Early Evening 1.24 (1.06, 1.45) 1.24 (1.06, 1.45)

Night Time 0.82 (0.72, 0.92) 0.92 (0.81, 1.04)

Administration Route Oral Reference <0.001 Reference <0.001

Inhaled 4.60 (3.53, 5.99) 3.47 (2.64, 4.57)

Topical 3.77 (2.97, 4.79) 2.71 (2.11, 3.46)

Other 2.71 (1.52, 4.85) 2.15 (1.19, 3.90)

Medication Class Non-Central Nervous System Reference <0.001 Reference <0.001

Central Nervous System 0.38 (0.33, 0.42) 0.45 (0.40, 0.52)

Time Critical Medication Not Time Critical Reference 0.005 NS

Time Critical 1.56 (1.14, 2.13)

Patient Age-Group 18–34 Reference 0.001 NS

35–44 0.78 (0.42, 1.44)

45–54 1.41 (0.74, 2.69)

55–64 1.71 (0.82, 3.57)

65–74 1.87 (0.91, 3.85)

75–94 4.04 (1.93, 8.44)

Patient Gender Male Reference 0.116 NS

Female 0.71 (0.46, 1.09)

NS. Covariate was not statistically significant at the 5% level (i.e. p>0.05).

https://doi.org/10.1371/journal.pone.0228868.t004
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weekdays (OR 3.44 (2.51–4.72), p<0.001). The topical route and lunchtime medication rounds

showed no significant association in multivariate analysis, and patient age, gender and medica-

tion class did not progress from univariate modelling. For full details of predictor analysis

please see Table 5.

Discussion

This is the first study to explore the prevalence, nature and predictors of omitted doses of med-

ication across multiple mental health hospitals. Our findings suggest that omitted doses are

common in this setting with a third considered to be ‘preventable’. We found evidence that

doses for medications designed to treat conditions outside the central nervous system (CNS)

appeared more likely to be omitted than those for CNS drugs. ‘Preventable’ omissions were

twice as likely to affect ‘time critical’ than non-‘time critical’ doses, affected patients residing

on elderly wards less frequently and were three times as likely to occur on weekends. Non-oral

routes of administration also emerged as an important predictor for omitted doses across both

overall and ‘preventable’ omitted doses.

Table 5. Univariable and Multivariable Associations from Logistic Regression Analyses of ‘Preventable’ Omitted Doses on Patient-, Drug/ Dose- and Ward-Specific

Covariates.

Covariate Category Odds Ratios for Associations between ‘Preventable’ Omitted Dose and

Covariates

Univariable Multivariable

Coefficient

(95% C.I.)

p-value Coefficient

(95% C.I.)

p-value

Ward Type Adult Reference 0.028 Reference 0.018

Elderly 0.30 (0.10, 0.88) 0.26 (0.08, 0.79)

Day of the Week Weekday Reference <0.001 Reference <0.001

Weekend 3.47 (2.53, 4.74) 3.44 (2.51, 4.72)

Medicines Administration Round Morning Reference <0.001 Reference <0.001

Lunchtime 1.10 (0.75, 1.63) 1.05 (0.71, 1.57)

Early Evening 1.48 (1.03, 2.13) 1.46 (1.01, 2.12)

Night Time 0.65 (0.48, 0.88) 0.63 (0.46, 0.86)

Administration Route Oral Reference 0.057 Reference 0.006

Inhaled 1.51 (0.90, 2.55) 1.83 (1.06, 3.16)

Topical 1.06 (0.63, 1.77) 1.03 (0.60, 1.76)

Other 0.26 (0.08, 0.88) 0.15 (0.04, 0.58)

Medication Class Non-Central Nervous System Reference 0.111 NS

Central Nervous System 0.78 (0.58, 1.06)

Time Critical Medication Not Time Critical Reference 0.065 Reference 0.010

Time Critical 1.69 (0.97, 2.96) 2.24 (1.22, 4.11)

Patient Age-Group 18–34 Reference 0.981 NS

35–44 0.88 (0.25, 3.02)

45–54 0.65 (0.18, 2.34)

55–64 0.84 (0.21, 3.38)

65–74 0.68 (0.17, 2.65)

75–94 0.65 (0.17, 2.48)

Patient Gender Male Reference 0.377 NS

Female

NS. Covariate was not statistically significant at the 5% level (i.e. p>0.05).

https://doi.org/10.1371/journal.pone.0228868.t005
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Implications of findings

Medication errors are currently of global interest, with recent evidence highlighting their

major role in causing preventable harm in health care [11]. Our findings help respond to the

WHO Global Patient Safety Challenge ‘Medication Without Harm’ agenda by identifying

medication, patient and system factors associated with omitted dose and in particular ‘prevent-

able’ omitted dose risk, which informs targeted interventions under the ‘high-risk situations’

priority for action [12].

Limited progress has been made in mental health settings to routinely monitor omitted

doses, openly share and benchmark data, and then work towards reducing their burden as

part of quality improvement efforts [26, 29]. Our study findings support recommendations

[30, 31] for increased attention to using meaningful, routinely collected and accessible data

such as this as part of quality improvement efforts, with a focus on ‘preventable’ omissions to

drive local improvement efforts.

‘Preventable’ dose omissions have emerged as an important target for remedial intervention

in this research. The ratio of ‘preventable’ to ‘non-preventable’ omissions that we observed

appears broadly similar to data from general hospital studies [23, 24, 27]. Available evidence

for the causes of unavailable drug related ‘preventable’ omitted doses from mental health hos-

pitals [14–16] identifies causative factors such as medicines logistics, but detail is often limited

to codes on prescription charts or brief descriptions in incident reports. Further in-depth

investigation is therefore required as seen elsewhere for general MAEs [10] to help inform

interventions tailored to the mental health setting.

Our finding that medications within the CNS class (containing all psychotropic drugs) had

a lower risk of being omitted than those from other classes was perhaps not surprising given

the specialist psychiatric setting for this study. Indeed, a greater proportion of non-psychotro-

pic drugs were found to be affected by MAEs than psychotropics in one UK based MAE study

on two long stay older person psychiatric wards [18]. However, this relationship was not pres-

ent for ‘preventable’ omissions compared to ‘non-preventable’ and indicates that health pro-

viders could focus attention on supporting patients and staff to reduce refusal of medication in

clinical practice as this was the most common reason for ‘non-preventable’ omissions. A nar-

rative literature review study published in 2011 helps to identify the implications and factors

associated with inpatient medication refusal in psychiatry to guide local improvement efforts,

but further research is required to explore the aetiology of dose refusals to inform this activity

[32].

Medication doses administered using non-oral routes were consistently associated with at

least two fold risk of overall (and ‘preventable’ for inhaled doses) omissions compared to the

oral administration route. One other published study of MAEs in mental health hospitals con-

ducted a similar comparison, finding that a greater proportion of errors involved non-oral

administration routes on two elderly units [18]. Targeted investigation into the causes of this

observation could include exploration of variable practices of medication storage (noted to be

a causative factor in some types of MAE in psychiatry [9]) and awareness and training of spe-

cialist mental health staff in physical health illnesses which has been previously highlighted as

an area for development for nurses, for example [33, 34].

Our finding that the rate of omissions of ‘time critical’ medication doses was higher than

overall scheduled doses, and that these omissions were twice as likely to affect ‘preventable’

omitted doses compared to non-time critical doses is concerning in light of the high risk of

patient harm these medications are known to pose, with a UK national alert issued 10 years

ago [20]. This should instigate renewed and prompt action within wider mental health care

organisations to thoroughly and routinely investigate the burden and causes of this issue in
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order to develop effective and sustainable solutions. In one example, researchers from Austra-

lia described the successful development and implementation of a ‘time-critical’ medication

identification and audit tool in 11 hospitals, with staff finding the tool useful to inform

improvement efforts [35]. When considered alongside our finding that ‘preventable’ omissions

were three times more likely to occur at weekends than weekdays compared to ‘non-prevent-

able’ omissions, this highlights the need for health providers to review medicines supply proce-

dures at weekends such as provision of emergency drug cupboards and input of pharmacy

services. In recent years, general hospitals in the UK have seen the introduction of twenty-four

hour pharmacy services in order to improve safety including dose omissions [36, 37].

As one of the most commonly occurring MAEs, omitted doses have been the subject of

improvement interventions in general hospitals targeting pharmacy staff/systems [27, 38],

nursing education, information technology and error reporting schemes [39], some with

mixed results. The evidence base in psychiatry requires expansion as it is limited to a national

UK benchmarking initiative [29], and two positive single site studies of awareness/benchmark-

ing [26] and automated dispensing cabinets [40]. The introduction of electronic prescribing

and medication administration (EPMA) systems may be expected to reduce certain omitted

doses (e.g. prescription not signed for administration), and the two participating mental health

trusts in this study are currently working towards implementation. However, evidence from

general hospitals indicates that ‘preventable’ omissions may persist despite the use of EPMA

[41, 42].

Strengths and limitations

Important strengths of this study include data collection taking place across 9 hospitals within

two large NHS trusts, the use of standardised training across participating sites, adoption of a

design which minimised double counting of scheduled/omitted doses and the exploration of a

number of risk factors for both overall and ‘preventable’ omitted doses. However, it is impossi-

ble to rule out variations in data collection between pharmacy teams, and our study sites were

confined to one geographical region in England which could limit generalisability.

Our data collection process was designed to balance the retrieval of optimal omitted dose

data against limited pharmacy team capacity. As such, we were not able to collect data beyond

2 weeks’ hospital stay for each eligible patient, nor were we able to collect data on any medica-

tions that may have been prescribed during this period but were not ‘active’ on the data collec-

tion day. In order to maximise generalisability of our findings, we excluded specialist wards

such as intensive care and child/adolescent care and future work should determine if omitted

dose rates differ on these units. Whilst we could not determine the actual/potential severity of

recorded omitted doses, by including ‘time critical’ medications we were able to assign clinical

meaning to our findings. Whilst some may not include certain types of omissions such as

doses refused/omitted for clinical reasons as omitted doses [43], they were included in this

study and we separated data for ‘preventable’ omitted doses. It is also theoretically possible for

some omitted doses considered to be ‘non-preventable’ to actually be ‘preventable’ (e.g. patient

refuses due to correctable lack of understanding of medication). However, confirmation

would require extensive investigation in the clinical setting and was beyond the resource capa-

bilities for many data collection teams.

Conclusion

This is the first in-depth exploration of the prevalence, nature and predictors of omitted doses

in mental health hospitals. Omissions were recorded for approximately 1 in 7 scheduled doses,

with similar numbers of ‘time critical’ doses affected. ‘Preventable’ omitted doses emerged as
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an important target for remedial intervention, accounting for more than one third of overall

omitted doses and being twice as likely to affect ‘time critical’ doses than ‘non-time critical’

doses. The findings of this study should be used to inform the development of future research

and quality improvement interventions designed to reduce the burden of omitted doses in psy-

chiatric hospitals.

Supporting information

S1 File. Final Data Set—Omitted Dose Study (RKeers).

(XLS)

Acknowledgments

We would like to thank all the pharmacy teams at each participating NHS trust site for their

role in data collection, and particularly the site leads for delivering study training and for help-

ing to manage the data collection process.

Author Contributions

Conceptualization: Richard N. Keers, Darren M. Ashcroft.

Data curation: Richard N. Keers, Mark Hann, Ghadah H. Alshehri, Karen Bennett.

Formal analysis: Mark Hann.

Methodology: Richard N. Keers, Darren M. Ashcroft.

Project administration: Richard N. Keers, Karen Bennett, Joan Miller, Lorraine Prescott,

Petra Brown, Darren M. Ashcroft.

Supervision: Richard N. Keers, Karen Bennett, Joan Miller, Lorraine Prescott, Petra Brown,

Darren M. Ashcroft.

Validation: Richard N. Keers, Ghadah H. Alshehri, Karen Bennett.

Writing – original draft: Richard N. Keers.

Writing – review & editing: Richard N. Keers, Mark Hann, Ghadah H. Alshehri, Karen Ben-

nett, Joan Miller, Lorraine Prescott, Petra Brown, Darren M. Ashcroft.

References
1. Maidment ID, Parmentier H. Medication error in mental health: implications for primary care. Ment

Health Fam Med. 2009; 6(4):203–207. PMID: 22477911

2. Kothari M, Maidment I, Lyon R, Haygarth L. Medicines reconciliation in comparison with NICE guide-

lines across secondary care mental health organisations. Int J Clin Pharm. 2016; 38(2):289–295.

https://doi.org/10.1007/s11096-015-0236-7 PMID: 26739128

3. Mutsatsa S. Medicines management in mental health nursing. 2nd Ed. Thousand Oaks, US: SAGE

Publications; 2017.

4. Dickens G, Stubbs J, Haw C. Delegation of medication administration: an exploratory study. Nurs

Stand. 2008; 22(22):35–40. https://doi.org/10.7748/ns2008.02.22.22.35.c6356 PMID: 18333555

5. Duxbury JA, Wright K, Bradley D, Barnes P. Administration of medication in the acute mental health

ward: perspective of nurses and patients. Int J Ment Health Nurs. 2010; 19(1):53–61. https://doi.org/10.

1111/j.1447-0349.2009.00638.x PMID: 20074204

6. Barnes TRE, Bhatti SF, Adroer R, Paton C. Screening for the metabolic side effects of antipsychotic

medication: findings of a 6-year quality improvement programme in the UK. BMJ Open. 2015; 5(10):

e007633. https://doi.org/10.1136/bmjopen-2015-007633 PMID: 26428329

Burden and predictors of omitted doses in psychiatric hospitals

PLOS ONE | https://doi.org/10.1371/journal.pone.0228868 February 6, 2020 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228868.s001
http://www.ncbi.nlm.nih.gov/pubmed/22477911
https://doi.org/10.1007/s11096-015-0236-7
http://www.ncbi.nlm.nih.gov/pubmed/26739128
https://doi.org/10.7748/ns2008.02.22.22.35.c6356
http://www.ncbi.nlm.nih.gov/pubmed/18333555
https://doi.org/10.1111/j.1447-0349.2009.00638.x
https://doi.org/10.1111/j.1447-0349.2009.00638.x
http://www.ncbi.nlm.nih.gov/pubmed/20074204
https://doi.org/10.1136/bmjopen-2015-007633
http://www.ncbi.nlm.nih.gov/pubmed/26428329
https://doi.org/10.1371/journal.pone.0228868


7. Paton C, Adroer R, Barnes TR. Monitoring lithium therapy: the impact of a quality improvement pro-

gramme in the UK. Bipolar Disord. 2013; 15(8):865–875. https://doi.org/10.1111/bdi.12128 PMID:

24119180

8. Barnes TRE, Paton C. Antipsychotic polypharmacy in schizophrenia: benefits and risks. CNS Drugs.

2011; 25(5):383–399. https://doi.org/10.2165/11587810-000000000-00000 PMID: 21476610

9. Janssen EM, McGinty EE, Azrin ST, Juliano-Bult D, Daumit GL. Review of the evidence: prevalence of

medical conditions in the United States population with serious mental illness. Gen Hosp Psychiatry.

2015; 37(3):199–222. https://doi.org/10.1016/j.genhosppsych.2015.03.004 PMID: 25881768

10. Keers RN, Plácido M, Bennett K, Clayton K, Brown P, Ashcroft DM. What causes medication adminis-

tration errors in a mental health hospital? A qualitative study with nursing staff. PLoS One. 2018; 13(10):

e0206233. https://doi.org/10.1371/journal.pone.0206233 PMID: 30365509

11. Panagioti M, Khan K, Keers RN, Abuzour A, Phipps D, Kontopantelis E, et al. Prevalence, severity, and

nature of preventable patient harm across medical care settings: systematic review and meta-analysis.

BMJ 2019; 366:I4185.

12. Donaldson LJ, Kelley ET, Dhingra-Kumar N, Kieny MP, Sheikh A. Medication Without Harm: WHO’s

Third Global Patient Safety Challenge. Lancet. 2017; 389:1680–1. https://doi.org/10.1016/S0140-6736

(17)31047-4 PMID: 28463129

13. Alshehri GH, Keers RN, Ashcroft DM. Frequency and Nature of Medication Errors and Adverse Drug

Events in Mental Health Hospitals: a Systematic Review. Drug Saf. 2017; 40(10):871–886. https://doi.

org/10.1007/s40264-017-0557-7 PMID: 28776179

14. Haw C, Cahill C. A computerized system for reporting medication events in psychiatry: the first two

years of operation. J Psychiatr Ment Health Nurs. 2011; 18:308–315. https://doi.org/10.1111/j.1365-

2850.2010.01664.x PMID: 21418430

15. Maidment ID, Thorn A. A medication error reporting scheme: analysis of the first 12 months. Psychiatric

Bull. 2005; 29:298–301.

16. Haw CM, Dickens G, Stubbs J. A review of medication administration errors reported in a large psychi-

atric hospital in the United Kingdom. Psychiatr Serv. 2005; 56(12):1610–1613. https://doi.org/10.1176/

appi.ps.56.12.1610 PMID: 16339629

17. Cottney A, Innes J. Medication-administration errors in an urban mental health hospital: a direct obser-

vation study. Int J Mental Health Nurs. 2015; 24(1):65–74.

18. Haw C, Stubbs J, Dickens G. An observational study of medication administration errors in old-age psy-

chiatric inpatients. Int J Qual Health Care. 2007; 19(4):210–216. https://doi.org/10.1093/intqhc/

mzm019 PMID: 17562662

19. Abduldaeem H, Masters K, Patel N, Donyai P. A direct observation study of medication administration

errors in a mental health inpatient setting. IJPP. 2016; 24(Supp.1):4–29.

20. National Patient Safety Agency. Rapid Response Report NPSA/2010/RRR009: Reducing harm from

omitted and delayed medicines in hospital. 2010. Available from: https://www.sps.nhs.uk/articles/npsa-

alert-reducing-harm-from-omitted-and-delayed-medicines-in-hospital-2010/ (Accessed 08/08/2019).

21. Keers RN, Williams SD, Cooke J, Ashcroft DM. Causes of medication administration errors in hospitals:

a systematic review of quantitative and qualitative evidence. Drug Saf. 2013; 36(11):1045–67. https://

doi.org/10.1007/s40264-013-0090-2 PMID: 23975331

22. Coleman JJ, McDowell SE, Ferner RE. Dose omissions in hospitalized patients in a UK hospital: an

analysis of the relative contribution of adverse drug reactions. Drug Saf. 2012; 35(8):677–683. https://

doi.org/10.2165/11630750-000000000-00000 PMID: 22734657

23. Latimer SL, Chaboyer W, Hall T. Non-therapeutic medication omissions: incidence and predictors at an

Australian hospital. J Pharm Pract Res 2011; 41:188–191.

24. Rostami P, Heal C, Harrison A, Parry G, Ashcroft DM, Tully MP. Prevalence, nature and risk factors for

medication administration omissions in English NHS hospital inpatients: a retrospective multicentre

study using Medication Safety Thermometer data. BMJ Open. 2019; 9(6):e028170. https://doi.org/10.

1136/bmjopen-2018-028170 PMID: 31182450

25. Carter S, Cahill C, Haw C. Has that dose been given? An audit of missing administration signatures on

medication charts in a psychiatric hospital. Priory Medical Journals. 2010. Available from: http://www.

priory.com/psychiatry/prescription_errors.htm (Accessed 08/08/2019).

26. Cottney A. Using league tables to reduce missed dose medication errors on mental healthcare of older

people wards. BMJ Qual Improv Rep. 2015; 4(1): pii:u204237.w3567.

27. Baqir W, Jones K, Horsley W, Barrett S, Fisher D, Copeland R, et al. Reducing unacceptable missed

doses: pharmacy assistant-supported medicine administration. Int J Pharm Pract. 2015; 23(5):327–

332. https://doi.org/10.1111/ijpp.12172 PMID: 25628008

Burden and predictors of omitted doses in psychiatric hospitals

PLOS ONE | https://doi.org/10.1371/journal.pone.0228868 February 6, 2020 13 / 14

https://doi.org/10.1111/bdi.12128
http://www.ncbi.nlm.nih.gov/pubmed/24119180
https://doi.org/10.2165/11587810-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21476610
https://doi.org/10.1016/j.genhosppsych.2015.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25881768
https://doi.org/10.1371/journal.pone.0206233
http://www.ncbi.nlm.nih.gov/pubmed/30365509
https://doi.org/10.1016/S0140-6736(17)31047-4
https://doi.org/10.1016/S0140-6736(17)31047-4
http://www.ncbi.nlm.nih.gov/pubmed/28463129
https://doi.org/10.1007/s40264-017-0557-7
https://doi.org/10.1007/s40264-017-0557-7
http://www.ncbi.nlm.nih.gov/pubmed/28776179
https://doi.org/10.1111/j.1365-2850.2010.01664.x
https://doi.org/10.1111/j.1365-2850.2010.01664.x
http://www.ncbi.nlm.nih.gov/pubmed/21418430
https://doi.org/10.1176/appi.ps.56.12.1610
https://doi.org/10.1176/appi.ps.56.12.1610
http://www.ncbi.nlm.nih.gov/pubmed/16339629
https://doi.org/10.1093/intqhc/mzm019
https://doi.org/10.1093/intqhc/mzm019
http://www.ncbi.nlm.nih.gov/pubmed/17562662
https://www.sps.nhs.uk/articles/npsa-alert-reducing-harm-from-omitted-and-delayed-medicines-in-hospital-2010/
https://www.sps.nhs.uk/articles/npsa-alert-reducing-harm-from-omitted-and-delayed-medicines-in-hospital-2010/
https://doi.org/10.1007/s40264-013-0090-2
https://doi.org/10.1007/s40264-013-0090-2
http://www.ncbi.nlm.nih.gov/pubmed/23975331
https://doi.org/10.2165/11630750-000000000-00000
https://doi.org/10.2165/11630750-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22734657
https://doi.org/10.1136/bmjopen-2018-028170
https://doi.org/10.1136/bmjopen-2018-028170
http://www.ncbi.nlm.nih.gov/pubmed/31182450
http://www.priory.com/psychiatry/prescription_errors.htm
http://www.priory.com/psychiatry/prescription_errors.htm
https://doi.org/10.1111/ijpp.12172
http://www.ncbi.nlm.nih.gov/pubmed/25628008
https://doi.org/10.1371/journal.pone.0228868


28. Joint Formulary Committee. British National Formulary. 70th ed. London: BMJ Group and Pharmaceu-

tical Press; 2015.

29. NHS Improvement. Mental Health Safety Thermometer: Mental Health Summary. Available from:

https://www.safetythermometer.nhs.uk/index.php?option=com_dashboard&view=dashboard&id=

1&Itemid=399 (Accessed: 12/08/2019).

30. Vincent C, Burnett S, Carthey J. Safety measurement and monitoring in healthcare: a framework to

guide clinical teams and healthcare organisations in maintaining safety. BMJ Qual Saf. 2014; 23

(8):670–677. https://doi.org/10.1136/bmjqs-2013-002757 PMID: 24764136

31. NHS England and NHS Improvement. The NHS Patient Safety Strategy: Safer culture, safer systems,

safer patients. July 2019. Available from: https://improvement.nhs.uk/resources/patient-safety-

strategy/ (Accessed 12/08/2019).

32. Owiti JA, Bowers L. A narrative review of studies of refusal of psychotropic medication in acute inpatient

psychiatric care. J Psychiatr Ment Health Nurs. 2011; 18(7):637–47. https://doi.org/10.1111/j.1365-

2850.2011.01713.x PMID: 21848599

33. Howard L, Gamble C. Supporting mental health nurses to address the physical health needs of people

with serious mental illness in acute inpatient care settings. J Psychiatr Ment Health Nurs. 2011; 18

(2):105–12. https://doi.org/10.1111/j.1365-2850.2010.01642.x PMID: 21299722

34. Bressington D, Badnapurkar A, Inoue S, Ma HY, Chien WT, Nelson D, et al. Physical Health Care for

People with Severe Mental Illness: the Attitudes, Practices, and Training Needs of Nurses in Three

Asian Countries. Int J Environ Res Public Health. 2018; 15(2):pii:E343.

35. Graudins LV, Ingram C, Smith BT, Ewing WJ, Vandevreede M. Multicentre study to develop a medica-

tion safety package for decreasing inpatient harm from omission of time-critical medications. Int J Qual

Health Care. 2015; 27(1):67–74. https://doi.org/10.1093/intqhc/mzu099 PMID: 25535210

36. Lewis PJ, Forster A, Magowan M, Armstrong D. Exploring the experiences and opinions of hospital

pharmacists working 24/7 shifts. Eur J Hosp Pharm 2019; 26:253–7. https://doi.org/10.1136/ejhpharm-

2017-001401 PMID: 31656611

37. Office of the Chief Pharmaceutical Officer MD. NHS England transformation of 7 day clinical pharmacy

services in acute hospitals. September 2016. Available from: https://www.england.nhs.uk/wp-content/

uploads/2016/09/7ds-clinical-pharmacy-acute-hosp.pdf (Accessed 18/12/2019).

38. Seston EM, Ashcroft DM, Lamerton E, Harper L, Keers RN. Evaluating the implementation and impact

of a pharmacy technician-supported medicines administration service designed to reduce omitted

doses in hospitals: a qualitative study. BMC Health Serv Res. 2019; 19(1):325. https://doi.org/10.1186/

s12913-019-4146-6 PMID: 31118002

39. Morley C, McLeod E, McKenzie D, Ford K, Walsh K, Chalmers L, et al. Reducing dose omission of pre-

scribed medications in the hospital setting: a narrative review. Drugs Ther Perspect. 2016; 32(5):203–

208.

40. Cottney A. Improving the safety and efficiency of nurse medication rounds through the introduction of

an automated dispensing cabinet. BMJ Qual Improv Rep. 2014; 3(1): pii:u204237.w1843.

41. Franklin BD, O’Grady K, Donyai P, Jacklin A, Barber N. The impact of a closed-loop electronic prescrib-

ing and administration system on prescribing errors, administration errors and staff time: a before-and-

after study. Qual Saf Health Care. 2007; 16(4):279–284. https://doi.org/10.1136/qshc.2006.019497

PMID: 17693676

42. Jheeta S, Franklin BD. The impact of a hospital electronic prescribing and medication administration

system on medication administration safety: an observational study. BMC Health Serv Res. 2017; 17

(1):547. https://doi.org/10.1186/s12913-017-2462-2 PMID: 28793906

43. Anon. ASHP Standard definition of a medication error. Am J Hosp Pharm. 1982; 39:321. PMID:

7058812

Burden and predictors of omitted doses in psychiatric hospitals

PLOS ONE | https://doi.org/10.1371/journal.pone.0228868 February 6, 2020 14 / 14

https://www.safetythermometer.nhs.uk/index.php?option=com_dashboard&view=dashboard&id=1&Itemid=399
https://www.safetythermometer.nhs.uk/index.php?option=com_dashboard&view=dashboard&id=1&Itemid=399
https://doi.org/10.1136/bmjqs-2013-002757
http://www.ncbi.nlm.nih.gov/pubmed/24764136
https://improvement.nhs.uk/resources/patient-safety-strategy/
https://improvement.nhs.uk/resources/patient-safety-strategy/
https://doi.org/10.1111/j.1365-2850.2011.01713.x
https://doi.org/10.1111/j.1365-2850.2011.01713.x
http://www.ncbi.nlm.nih.gov/pubmed/21848599
https://doi.org/10.1111/j.1365-2850.2010.01642.x
http://www.ncbi.nlm.nih.gov/pubmed/21299722
https://doi.org/10.1093/intqhc/mzu099
http://www.ncbi.nlm.nih.gov/pubmed/25535210
https://doi.org/10.1136/ejhpharm-2017-001401
https://doi.org/10.1136/ejhpharm-2017-001401
http://www.ncbi.nlm.nih.gov/pubmed/31656611
https://www.england.nhs.uk/wp-content/uploads/2016/09/7ds-clinical-pharmacy-acute-hosp.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/09/7ds-clinical-pharmacy-acute-hosp.pdf
https://doi.org/10.1186/s12913-019-4146-6
https://doi.org/10.1186/s12913-019-4146-6
http://www.ncbi.nlm.nih.gov/pubmed/31118002
https://doi.org/10.1136/qshc.2006.019497
http://www.ncbi.nlm.nih.gov/pubmed/17693676
https://doi.org/10.1186/s12913-017-2462-2
http://www.ncbi.nlm.nih.gov/pubmed/28793906
http://www.ncbi.nlm.nih.gov/pubmed/7058812
https://doi.org/10.1371/journal.pone.0228868

