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VERSION 1 - REVIEW 

REVIEWER Robin Ferner 
West Midlands Centre for Adverse Drug Reactions  
Birmingham  
UK 

REVIEW RETURNED 06-Sep-2015 

 

GENERAL COMMENTS The authors set out the protocol for a study of administration errors 
arising during intravenous infusion practice in the NHS. The study of 
administration errors is clearly important, and I applaud the 
publication of the protocol of a major trial in this area. There is little 
discussion of the practical limitations of the study as it is set out, and 
it is not clear whether the aim is to invite discussion of the protocol.  
 
I have the following comments (page/line), some of which relate to 
the protocol and some to the way in which it is described.  
 
2/24 'Intravenous (IV) medication is essential for many hospital in-
patients.' This may be true, but a major difficulty in reducing 
medication errors overall is that, as the authors point out, they are 
more frequent with intravenous than oral administration. Therefore, 
whatever the burden of IV errors, it could be reduced by ensuring 
that IVs were only given to patients in whom they were 'essential.'  
 
3/27 'gold standard method of structured observation' This 
overstates the authors' case. While direct observation (especially if 
unobtrusive - Taxis BMJ 2003; 326:684) gives more accurate results 
than incident reporting, there are other methods that are arguably 
more accurate (Allen EM, Van Boerum DH, Olsen AF, Dean JM. 
Difference between the measured and ordered dose of 
catecholamine infusions. Ann Pharmacother. 1995;29:1095–100; 
Ferner et al. Br J Clin Pharmacol. 2001 Nov; 52(5): 573–7.)  
 
4/27 'qualitative methods help to understand why errors occur and 
why technologies designed to deliver safer practices do not always 
do so.' The qualitative methods may also distort the understanding 
of the problem, by emphasizing rare event or those that had 
dramatic consequences.  
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4/49 'No previous research has brought together the perspectives of 
quantitative observational studies with qualitative interviews and 
observations.' Mixed-methods research has been used in examining 
medication errors before. (Int J Med Inform. 2009 Apr; 78(Suppl 1): 
S69–S76; Mixed Methods Analysis of Medical Error Event Reports: 
A Report from the ASIPS Collaborative. Daniel M. Harris)  
 
5/14: The three phases of the ECLIPSE study are set out. They 
suggest that it is an audit with feedback but no attempt to see 
whether the feedback reduces error (thus 'closing of the audit loop'). 
See also 13/24.  
 
5/43 '3. explore… how smart pumps may relate to the prevalence of 
medication administration errors.' This is not a controlled trial, and 
the use of smart pumps will not be a matter of chance. The authors 
do not say what steps will be taken to reduce this distortion.  
 
6/29 'a maximum variation sample' seems to be chosen by eye, 
rather than systematically, and perhaps the authors should say this.  
 
6/54 '10% error rate [7,10] of 8.7 to 11.3%.' This seems adequate, 
but - as with other similar studies - the really harmful errors will be 
rare. There is no evidence that the Heinrich ratio, that is, the ratio 
between errors causing serious harm and all errors, will guide 
researchers in this field. [Drug Saf. 2008;31(8):637-42.]  
 
7/14 and 8/31 'the patient had a documented allergy or sensitivity' 
This introduces a difficulty in analysis, since there will be patients 
with documented allergy that has been ignored or missed by the 
prescriber. Failure to adhere to the prescription constitutes an 
administration error, but protects the patient. On a broader front, 
serious prescribing errors - for example, ten-fold dosage errors - will 
not be classed administration errors when ten times too much drug 
is infused, if I have understood the protocol. Also, the cost-
effectiveness of smart pumps will be a function of the extent to which 
they reduce harm from medication errors overall. This means that 
the authors should clarify the 'boundary problem,' both with respect 
to administration errors altogether and, particularly, with respect to 
the potential benefits of smart infusion pumps.  
 
8/23 'refers to weight-based rates calculated incorrectly including 
using the wrong patient weight.' This needs clarifying. Do the 
authors mean a weight different from that recorded in the medical 
notes? Or a weight different from the patient's actual weight, as 
measured with scales at the bedside?  
 
8/41 'Procedural and documentation discrepancies.' These errors 
are rather different in character from administration errors, although 
they may generate administration errors (for example, if a dose is 
administered twice because of failure to record the first 
administration).  
 
9/54 'Data will be recorded on a standardized paper form (Figure 1) 
and subsequently uploaded to a secure web-based data REDCap 
collection tool.[21]' This sounds labourious and error-prone. Why not 
have direct data entry, for example via a tablet?  
 
11/41 'severity' in adverse drug reaction terminology means 
'intensity' (a severe fit of the giggles) while 'seriousness' means 
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'harmfulness.' It might be best to retain the adverse drug reaction 
terminology.  
 
13/11 'Appropriate theory will be used deductively if it provides 
leverage to explore the findings more deeply.' It is unclear what this 
means. It is also unclear whether the authors are referring to the 
cybernetic concept of 'appropriate theory.'  
 
13/ 31 'discuss the study with patients and their visitors' - is 
discussion with visitors permissible without patient consent?  
 
13/44 'If an error with potential to cause harm is identified during the 
point prevalence study, the local data collectors will unobtrusively 
inform the relevant nursing staff caring for the patient so that 
remedial action can be taken in line with local procedures.' The 
essential is to prevent patient harm. Unobtrusive action is only 
appropriate if more forceful action to prevent patient harm is not 
needed.  
 
13/57 'The most immediate beneficiaries of our research will be the 
patients and staff of participating hospitals.' See comments about 
the audit cycle at 5/14 above. No-one will benefit if 
recommendations arising from this study fail to reduce error rates.  
 
14/11 'translation of our findings into practice' comes after the 
findings (which will be based on qualitative research) have been 
demonstrated to be robust.  
 
Minor points:  
‘none were from the UK where systems for prescribing’ → none was 
from the UK  
 
‘administering medication differ to those in the US’ → administering 
medication differ from those in the US  
 
'Intravenous (IV) medication errors are unacceptably common' 
leaves unanswered the question of what would be an acceptable 
rate of medication errors. A more accurate statement would be that 
the rate of medication errors should be reduced as far as possible.  
 
'all orders have to be documented.' The US usage 'order' for 
prescription has some currency in the medication error literature, but 
not outside it.  
 
'Nvivo' → NVivo 

 

REVIEWER Patricia Trbovich 
Research Scientist, University Health Network, Canada 

REVIEW RETURNED 01-Oct-2015 

 

GENERAL COMMENTS This proposal outlines a very important and much needed line of 
work. The authors should be commended on taking on such a large 
and complex study. The findings will represent an important 
contribution to our knowledge about landscape of IV medication 
infusion practices and errors in English hospitals and the role that 
smart pumps may play in the prevalence of medication 
administration errors. 
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In my view, the key strengths of the study are (1) the use of a mixed 
method design, (2) the breadth of clinical units and hospitals being 
studied, and (3) the impact that the findings can potentially have on 
helping healthcare institutions, particularly English hospitals, 
understand how the value (or lack thereof) of smart pump 
technology in reducing medication errors.   
 
Of course, there are always questions and suggestions that arise 
from any body of research. In what follows I have some comments 
and suggestions.  
 
Background 
The authors mention that medication practices in the UK differ to 
those in the US. It would be helpful to provide a detailed description 
of how medication administration differs and provide some 
hypotheses about how these differences may impact the results of 
the US/UK comparison.  
 
The authors state the following: “Despite the drive towards 
standardising devices within institutions, not all clinical areas require 
the same functionality”. The authors appear to be implying that 
standardization may be problematic because different units require 
different functionality. I believe this argument should be balanced 
with a statement about the potential negative impacts of using 
different pumps across clinical units (e.g., hand-offs between units).  
 
Methods 
 
Objectives of the first phase 
 
The authors state that the first objective is “1. describe how IV 
infusions are administered in a sample of English hospitals, focusing 
on differences in practices, equipment, policies and processes, both 
within and between hospitals”. 
 
It’s not clear how this objective will be met. Currently, the method 
section identifies that the point prevalence study, using 
observational methods, will document the prevalence, types and 
clinical importance of errors associated with the infusion of IV 
medication. I would recommend also having the observers map out, 
in detail, the steps involved in setting-up and programming the 
infusion pumps. It is recommended that a standardized form be used 
for this purpose to ensure that all observers document the same 
items. Perhaps this was already the plan given this first objective, 
but it wasn’t explicitly mentioned in the Methods Section so I thought 
I’d point it out. I recognize that Table 2 outlines procedural errors 
that will be documented, which is great. However, I also see value in 
documenting the practices, even if no procedural error is identified, 
as it could be very insightful to compare nurses’ practices in general.  
Sample Size Calculation 
 
The authors mention that they used nQuery Advisor (Statistical 
solutions, version7.0) to determine the sample size. Although they 
determined that this would allow for a give a confidence interval 
around a 10% error rate of 8.7 to 11.3%, it is unclear whether they 
considered the number of hospitals and clinical units in this 
calculation. I raise this point to ensure that the sample size is 
sufficiently large to detect differences between hospitals and 
between units if such differences exist. It would be a shame to 
conduct all this work and then realize that the sample wasn’t 
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sufficiently powered.  
 
Definitions 
 
The authors state: “Bolus doses of intravenous medication will be 
excluded”. It is unclear whether this means that bolus doses 
administered via the infusion pumps will also be excluded. If so, I 
would recommend considering including bolus doses. One of the 
main benefits of smart infusion pumps is that they allow for more 
controlled and therefore safer bolus deliveries. 
 
Definitions of error and discrepancy types 
 
The authors define a medication administration error is defined as 
any deviation in the administration of an intravenous infusion from a 
doctor’s written medication order, the hospital’s intravenous policy 
and guidelines, or the manufacturer’s instructions. Is this definition 
perhaps a little too conservative? Will discrepancies that are found 
to be clinically negligible be removed? How will hospital policies and 
guidelines and manufacturers instructions be assessed and who will 
conduct such assessments? These details are not provided.  
 
Data Collection 
 
Point Prevalence 
 
The authors mention that the data collectors will be trained. 
However, they do not mention whether a method will be employed to 
ensure inter-rater reliability. I believe that inter-rater reliability is a 
critical factor to consider as it will be important for the researchers to 
be able to demonstrate that all data collectors were consistent in 
how they understood the error and discrepancy definitions as well as 
how they carried out the actual observations. I understand that pairs 
of observers will work together to agree on what they observe. 
However, I think it’s also important to demonstrate that there is inter-
rater reliability across observation sites.  
 
There is no mention of the “Hawthorne Effect”, or the idea that 
participants in research studies may modify their behaviour in 
response to being studied. This is a factor for consideration in this 
research because nurses’ medication administration performance is 
under investigation. Although there is some debate on the impact of 
the Hawthorne effect on human behaviour, steps should be taken to 
ensure observers’ presence is as unobtrusive as possible to the 
nurses to minimize the possibility of its influence on the results. It will 
be impossible to guarantee that nurses’ behaviour remains 
unchanged as a result of being observed. However, the authors 
should consider ways of making observers’ presence as unobtrusive 
as possible to the nurses. I also raise this point because reviewers 
will undoubtedly ask that researchers comment on considerations 
around the “Hawthorne Effect” in future publication.  
 
Contextual interviews 
 
The contextual interviews are scheduled to occur after the point 
prevalence observations have been conducted. I wonder if there 
would be some value in conducting some contextual interviews prior 
to the point prevalence study? That is, it might be valuable for the 
data collectors to understand the current practices and hospital 
policies prior to conducting the observations, as they will have a 
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better sense of what to look for. Given that interviews will be 
conducted over two days, perhaps consideration could be given to 
conducting one interview prior to the point prevalence, and the 
second interview after the point prevalence.  
 
Data management and analysis 
 
Point prevalence study 
 
The authors do not describe in detail the statistical analyses that will 
be performed. As per my earlier comment regarding sample size, it 
is recommended that the authors identify which specific statistical 
analyses will be conducted (even though no complex multivariate 
analyses are planned) to ensure that the sample size is adequate, 
especially given that discrepancy rates will be analyzed as a function 
of hospital site, clinical area and type of pump.  
 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer #1:  

 

The authors set out the protocol for a study of administration errors arising during intravenous infusion 

practice in the NHS. The study of administration errors is clearly important, and I applaud the 

publication of the protocol of a major trial in this area. There is little discussion of the practical 

limitations of the study as it is set out, and it is not clear whether the aim is to invite discussion of the 

protocol.  

We’re glad the reviewer considered the paper to be on an important topic.  

We have now added a section in the discussion addressing the limitations of the study.  

 

2/24 ‘Intravenous (IV) medication is essential for many hospital in-patients.’ This may be true, but a 

major difficulty in reducing medication errors overall is that, as the authors point out, they are more 

frequent with intravenous than oral administration. Therefore, whatever the burden of IV errors, it 

could be reduced by ensuring that IVs were only given to patients in whom they were ‘essential’.  

This is an important point, and there is a substantial body of literature on this, especially within the 

infection management literature. However, this is out of scope for our study. We have added a 

limitations section in the discussion which explains that we are not assessing the appropriateness of 

the IV medication prescribed.  

 

3/27 ‘gold standard method of structured observation’ This overstates the authors’ case. While direct 

observation (especially if unobtrusive – Taxis BMJ 2003; 326:684) gives more accurate reports than 

incident reporting, there are other methods that are arguably more accurate (Allen EM, Van Boerum, 

Olsen AF, Dean JM. Difference between the measured and ordered dose of catecholamine infusions. 

Ann Pharmacother. 1995;29:1095-100; Ferner et al. Br J Clin Pharmacol. 2001 Nov; 52(5) 573-7.)  

The methods in the citations suggested by the reviewer are very specific to certain types of drugs, the 

first on catecholamines, the second on paracetamol, both of which have routine assays available. 

This is not the case for the vast majority of medication and so would not be appropriate, possible, 

practical or affordable for a study across a wide range of medication such as ours.  

We are also interested in a wider range of discrepancies which would not be picked up by measuring 

the concentration in the bag. An observational approach is better suited to identify the full range of 

administration errors and deviations from policy or procedure.[1] We have edited the text to state that 

observation is generally accepted to be the gold standard method for assessing medication 

administration errors.  

1 Keers, R.N., Williams, S.D., Cooke, J., & Ashcroft, D.M. (2013). Prevalence and nature of 
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medication administration errors in health care settings: A systematic review of direct observational 

evidence. Ann Pharmacother, 47(2), 237-256.  

 

4/27 'qualitative methods help to understand why errors occur and why technologies designed to 

deliver safer practices do not always do so.' The qualitative methods may also distort the 

understanding of the problem, by emphasizing rare event or those that had dramatic consequences.  

Our interviews will not be focussing on rare events or those that have dramatic consequences. The 

qualitative methods in this study are designed to add contextual understanding to complement the 

quantitative findings. The emphasis of the interviews and focus group discussions will therefore be 

guided by the point prevalence data. As we are combining our qualitative findings with quantitative 

data we don’t feel that this is likely to be a relevant concern. We have clarified this in the text.  

 

4/49 ‘No previous research has brought together the perspectives of quantitative observational 

studies with qualitative interviews and observations.’ Mixed-methods research has been used in 

examining medication errors before. (Int J Med Inform. 2009 Apr; 78 (Suppl 1):S69-S76; Mixed 

methods Analysis of Medical Error Event Reports: A report from the ASIPS Collaborative. Daniel M. 

Harris)  

We thank the reviewer for the suggestion. However, the paper to which the reviewer refers describes 

diagnostic testing errors rather than medication errors, and involves both a quantitative and qualitative 

analysis of incident reports constituting one dataset.  

We believed this to be the first of this particular combination of a prospective prevalence study 

together with qualitative methods. However, we have subsequently identified one paper1 that uses a 

similar mixed-methods approach to that which we describe in our paper. We have now edited the 

manuscript to read ‘few’ rather than ‘no’ but since that paper is on a very different topic it would be a 

distraction to cite it .  

1 Ramsay, A.I.G., Turner, S., Cavell, G., Oborne, C.A., Thomas, R.E., Cookson, G., & Fulop, N.J. 

(2013). Governing patient safety: Lessons learned from a mixed methods evaluation of implementing 

a ward-level medication safety scorecard in two English NHS hospitals. BMJ Qual Saf, 

10.1136/bmjqs-2012-001730.  

 

5/14 The three phases of the ECLIPSE study are set out. They suggest that it is an audit with 

feedback but no attempt to see whether the feedback reduces error (thus ‘closing of the audit loop’). 

See also 13/24  

Although the point prevalence study uses an audit methodology, this is an exploratory research study 

rather than a clinical audit. We consider it premature to plan interventions and evaluation at this stage. 

Through this study we will identify priority areas that need to be addressed, identify appropriate 

interventions and make recommendations in consultation with key stakeholders. As the nature of any 

intervention will be dependent on our findings, in phase 3 we may assess the feasibility of formally 

evaluating the impact of our recommendations as future work. This has been clarified in the text.  

 

5/43’3.explore…..how smart pumps may relate to the prevalence of medication administration errors.’ 

This is not a controlled trial, and the use of smart pumps will not be a matter of chance. The authors 

do not say what steps will be taken to reduce this distortion.  

As the reviewer has alluded, the adoption of smart pump technology will depend on many factors and 

has widespread implications for infusion practices. Furthermore, research to date has shown that it is 

not just the availability of smart pumps that is important but also the way in which they are 

implemented and used that is important1, and this is likely to vary between sites. However, the costs 

and practicalities of a controlled trial of this nature would be prohibitive. We cannot control for these 

sorts of differences in our study and acknowledge this limitation in determining the causation, 

however, we may be able to identify trends in different types or patterns of error. Through our 

qualitative methods we also aim to better understand what these differences are and how they may 

impact on the prevalence of medication administration errors. We have now explicitly acknowledged 
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this limitation in the discussion.  

1 Trbovich, P.L., Cafazzo, J.A., & Easty, A.C. (2013). Implementation and optimization of smart 

infusion systems: Are we reaping the safety benefits? Journal for Healthcare Quality, 35(2), 33-40.  

 

6/29 ‘a maximum variation sample’ seems to be chosen by eye, rather than systematically, and 

perhaps the authors should say this.  

The sampling is purposive: as systematic as possible with the aim of achieving as much variation as 

possible. We have clarified this in the text.  

 

6/54 ‘10% error rate [7,10] of 8.7 to 11.3%.’ This seems adequate, but – as with similar studies – the 

really harmful errors will be rare. There is no evidence that the Heinrich ratio, that is, the ratio between 

errors causing serious harm and all errors, will guide researchers in this field. [Drug 

Saf.2008;31(8):637-42.]  

We agree – harmful errors are likely to be rare. We also agree that there is no evidence for a Heinrich 

ratio for medication errors as our previous paper, cited by the reviewer, shows. For these reasons we 

are conducting an exploratory study to describe the wider picture of the types of errors and deviations 

that occur in relation to the infusion of intravenous medication.  

 

7/14 and 8/31 ‘the patient has a documented allergy or sensitivity’ This introduces a difficulty in 

analysis, since there will be patients with documented allergy that has been ignored or missed by the 

prescriber. Failure to adhere to the prescription constitutes an administration error, but protects the 

patient. On a broader font, serious prescribing errors, for example, ten-fold dosage errors – will not be 

classed administration errors when ten times too much drug is infused, if I have understood the 

protocol. Also, the cost-effectiveness of smart pumps will be a function of the extent to which they 

reduce harm from medication errors overall. This means that the authors should clarify the ‘boundary 

problem’, both with respect to administration errors altogether and, particularly, with respect to the 

potential benefits of smart infusion pumps.  

In line with the US studies on which this study was based, the focus of the study is on medication 

administration errors; we are not studying prescribing errors. We have now explicitly stated this in a 

new section of the discussion on limitations.  

Where the data collectors have access to allergy information and are therefore able to detect a 

prescribing error, that will be noted as such. If the medication administered has been altered without 

the prescription having been changed accordingly then that would appear as a wrong medication, but 

data gatherers are trained to note the likely cause of such a discrepancy.  

This is one of many situations where two “errors” may counteract each other. Another such example 

encountered in our pilot data gathering was a case where the medication was prepared at double the 

prescribed strength but was then administered at half the rate so that the patient actually received the 

correct medication rate. It is likely that other such compensatory strategies will emerge as the data is 

gathered. Data gatherers are being trained to make a note of such situations so that they can all be 

systematically reviewed. This is noted in the revised manuscript.  

 

8/23 ‘refers to weight-based rates calculated incorrectly including the wrong patient weight.’ This 

needs clarifying. Do the authors mean a weight different from that recorded in the medical notes? Or 

a weight different from the patient’s actual weight, as measured with scales at the bedside?  

We have now edited this to clarify that we mean a weight different from that recorded in the patient’s 

notes.  

 

8/41 ‘Procedural and documentation discrepancies.’ These errors are rather different in character 

from administration errors, although they may generate administration errors (for example, if a dose is 

administered twice because of failure to record the first administration).  

We agree with the point made by the reviewer, which is why we are recording procedural and 

documentation discrepancies but classifying and documenting them separately to medication 
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administration errors.  

 

9/54 ‘Data will be recorded on a standardised paper form (Figure 1) and subsequently uploaded to a 

secure web-based data REDCap Collection tool.[21]’ This sounds laborious and error-prone. Why not 

have direct data entries, for example via a tablet?  

We did explore the feasibility of direct data entry, however, not all English hospitals have the 

infrastructure and facilities required for this. For example, many hospitals informed us that they have 

patchy, if any, Wi-Fi available on wards, and many do not have access to tablet computers. As noted 

in the manuscript, a small number of sites do plan to enter the data directly into the web-based 

database using a tablet or laptop.  

Arguably transcription errors are less likely where they are entered directly into REDCap as it reduces 

the data entry steps, however electronic data can be checked against paper forms where they are 

used. To reduce the risk of errors in transcribing we advise data collectors to enter the data soon after 

gathering it so that the observations are still fresh in their minds. We also advise data collectors to 

enter the data together so that the involvement of two data collectors may serve to reduce the 

likelihood of error. Entering the data subsequently also allows additional time for reflection and 

discussion regarding the likely severity of errors, which may not be possible at the patients’ bedside. 

We have edited the text to acknowledge this issue and the mitigating strategies we are employing.  

 

11/41 ‘severity’ in adverse drug reaction terminology means ‘intensity’ (a severe fit of the giggles) 

while ‘seriousness’ means ‘harmfulness.’ It might be best to retain the adverse drug reaction 

terminology.  

This paper focuses on medication administration errors and not adverse drug reactions (ADR). While 

we are aware of the different terminology used in the ADR literature, we wish to use the terminology 

that is widely used within the medication error literature. 1  

‘Severity’ is the term used in both of the methods we intend to use to assess the potential 

harmfulness of any errors or discrepancies identified. It is also the term used in the previous US work 

using this methodology, with which we plan to compare our findings and therefore we think it is 

important to use the same terminology.  

1Keers, R.N., Williams, S.D., Cooke, J., & Ashcroft, D.M. (2013). Prevalence and nature of medication 

administration errors in health care settings: A systematic review of direct observational evidence. 

Ann Pharmacother, 47(2), 237-256.  

 

13/11 ‘Appropriate theory will be used deductively if it provides leverage to explore the feedings more 

deeply.’ It is unclear what this means. It is also unclear whether the authors are referring to the 

cybernetic concept of ‘appropriate theory.’  

We are not familiar with the cybernetic concept of 'appropriate theory' and were not intending to 

reference this. We have edited the manuscript to clarify that we will apply theory where it is relevant 

and helpful to deepen our understanding of the data and facilitate analysis.  

 

13/31 ‘discuss the study with patients and their visitors’ – is discussion with visitors permissible 

without patient consent?  

We have clarified this. The data collectors will inform patients and visitors about the study. These 

discussions are not part of our data collection.  

 

13/44 ‘If an error with potential to cause harm is identified during the point prevalence study, the local 

data collectors will unobtrusively inform the relevant nursing staff caring for the patient so that 

remedial action can be taken in line with local procedures.’ The essential is to prevent patient harm. 

Unobtrusive action is only appropriate if more forceful action to prevent patient harm is not needed.  

We believe that it is important to inform nursing staff in a discreet manner where possible so as not to 

alarm patients, family members or other staff. However, we agree that patient safety is the priority and 

any necessary action must be taken. Data collectors are provided with a more detailed protocol on 
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responding to suspected errors, and as local employees are expected to follow any procedures that 

would normally be expected. We have amended the paper to clarify our approach.  

 

13/57 ‘The most immediate beneficiaries of our research will be the patients and staff of participating 

hospitals.’  

See comments about the audit cycles at 5.14 above. No-one will benefit if recommendations arising 

from this study fail to reduce error rates.  

Please see 5/14 above  

 

14/11 ‘translation of our findings into practice’ comes after the findings (which will be based on 

qualitative research) have been demonstrated to be robust.  

We are not sure of the point being made by the reviewer, but would like to highlight that our findings 

will be based on the triangulation of qualitative and quantitative methods. We have also amended the 

paper to indicate that we refer to the translation of the implications of our findings into practice.  

 

Minor points  

‘none were from the UK where systems for prescribing’ → none was from the UK  

We have edited the text to read ‘none was from the UK’.  

 

‘administering medication differ to those in the US’ → administering medication differ from those in the 

US  

We have edited the text to read ‘administering medication differ from those in the US  

 

‘Intravenous (IV) medication errors are unacceptably common’ leaves unanswered the question of 

what would be an acceptable rate of medication errors. A more accurate statement would be that the 

rate of medication errors should be reduced as far as possible.  

We have removed the word ‘unacceptably’ in both the abstract and the strengths and limitations bullet 

points, and added that efforts are required to reduce the occurrence of errors.  

 

‘all orders have to be documented’. The US usage ‘order’ for prescription has some currency in the 

medication error literature, but not outside it.  

While UK healthcare professionals often refer to inpatient medication as being written as a 

“prescription”, legally under the Human Medicines Regulations 2012 these are not prescriptions (an 

instruction to supply) but a patient specific direction (“order”) to the nurse to administer the 

medication. The term “medication order” is widely used internationally and so we prefer to use this 

term, rather than “patient specific direction”, for international applicability.  

 

‘Nvivo’ → NVivo  

We have edited the text to read ‘NVivo’  

 

 

Reviewer #2:  

This proposal outlines a very important and much needed line of work. The authors should be 

commended on taking on such a large and complex study. The findings will represent an important 

contribution to our knowledge about landscape of IV medication infusion practices and errors in 

English hospitals and the role that smart pumps may play in the prevalence of medication 

administration errors.  

In my view, the key strengths of the study are (1) the use of a mixed methods design, (2) the breadth 

of clinical units and hospitals being studied, and (3) the impact that the findings can potentially have 

on helping healthcare institutions, particularly English hospitals, understand how the value (or lack 

thereof) of smart pump technology in reducing medication errors  

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-009777 on 3 M

arch 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


Background  

The authors mention that medication practices in the UK differ to those in the US. It would be helpful 

to provide a detailed description of how medication administration differs and provide some 

hypotheses about how these differences may impact the results of the UK/US comparison  

We have provided some examples of differences in administration practices between the US and the 

UK, and reference a paper that gives a more detailed discussion of some key differences. We feel 

that a more detailed description of differences in the paper would be anecdotal, distract from the 

purpose of the study and potentially pre-empt the work planned in this study to identify and describe 

current practices.  

 

The authors state the following: “Despite the drive towards standardising devices within institutions, 

not all clinical areas require the same functionality”. The authors appear to be implying that 

standardisation may be problematic because different units require different functionality. I believe this 

argument should be balanced with a statement about the potential negative impacts of using different 

pumps across clinical units (e.g., hand-offs between units).  

We have added text in this paragraph to acknowledge the important rationale for standardization of 

pumps across clinical areas.  

 

Methods  

Objectives of the first phase  

The authors state that the first objective is “1. Describe how IV infusions are administered in a sample 

of English hospitals, focusing on differences in practices, equipment, policies and processes, both 

within and between hospitals”.  

It is not clear how this objective will be met. Currently the method section identifies that the point 

prevalence study, using observational methods, will document the prevalence, types and clinical 

importance of errors associated with the infusion of IV medication. I would recommend also having 

the observers map out, in detail, the steps involved in setting-up and programming the infusion pump. 

It is recommended that a standardised form be used for this purpose to ensure that all observers 

document the same items.  

Perhaps this was already the plan given this first objective, but it wasn’t explicitly mentioned in the 

methods section so I thought I’d point it out. I recognise that Table 2 outlines procedural errors that 

will be documented, which is great. However, I also see value in documenting the practices, even if 

no procedural error is identified, as it could be very insightful to compare nurses’ practices in general.  

The first objective will be addressed using qualitative methods in the contextual interviews. We have 

moved this down the list of objectives and have added that this will be based on interviews with 

hospital staff.  

We agree that it would be interesting and useful to map out the steps involved in administering 

intravenous infusions. However, the point prevalence methodology employed in this study is not well 

suited to this type of observation. Observers will gather data on all infusions that are currently running 

at a point in time. These observations are unlikely to be able to capture the setting up and 

programming of the pump. We have added this to a new limitations section in the discussion section 

of the paper.  

Phase 2 of ECLIPSE will involve more detailed observational study which will be better suited to 

observing and mapping out the practices in detail.  

 

Sample Size Calculation  

The authors mention that they used nQuery Advisor (Statistical solutions, version 7.0) to determine 

the sample size. Although they determined that this would allow for a give a confidence interval 

around a 10% error rate of 8.7 to 11.3%, it is unclear whether they considered the number of hospitals 

and clinical units in this calculation. I raise this point to ensure that the sample size is sufficiently large 

to detect differences between hospitals and between units if such differences exist. It would be a 

shame to conduct all of this work and then realize that the sample wasn’t sufficiently powered.  
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The power calculation was designed to detect an average overall error rate across observed clinical 

areas in the participating hospitals, based on estimates from the limited available published literature. 

Comparisons of error rates between hospitals and clinical areas will be exploratory. We have edited 

the text to clarify that the sample size calculation was based on an estimate of overall rate and not of 

a difference in rate between hospitals or clinical areas.  

 

Definitions  

The authors state: “Bolus doses of intravenous medication will be excluded”. It is unclear whether this 

means that bolus doses administered via infusion pumps will also be excluded. If so, I would 

recommend including bolus doses. One of the main benefits of smart infusion pumps is that they 

allow for more controlled and therefore safer bolus deliveries.  

Where bolus doses are anomalous (e.g. in the medication order as a bolus but being given as an 

infusion, or vice versa), they will be noted; in many other situations, it will not be possible to identify 

discrepancies in bolus doses, due to the nature of a point prevalence study (that only measures 

infusion at a point in time). We have removed the explicit exclusion of bolus doses to accommodate 

gathering of data about them when possible.  

 

Definitions of error and discrepancy types  

The authors define a medication administration error is defined as any deviation in the administration 

of an intravenous infusion from a doctor’s written medication order, the hospital’s intravenous policy 

and guidelines, or the manufacturer’s instructions. Is this definition perhaps a little too conservative? 

Will discrepancies that are fond to be clinically negligible be removed? How will hospital policies and 

guidelines and manufacturer’s instructions be assessed and who will conduct such assessments? 

These details are not provided.  

This is a widely used definition of a medication administration error. [1]  

We agree that it is important to distinguish between administration errors that could potentially harm 

the patient and procedural or documentation errors that are unlikely to cause harm in and of 

themselves but may increase the likelihood of administration errors occurring. These types of 

discrepancies will be recorded but will be reported separately.  

Local data collectors are expected to have familiarised themselves with their hospital’s policies and 

are encouraged to check guidelines and manufacturers instructions for themselves when in doubt. 

The responsibility of data collectors to assess whether an error has occurred is detailed in the data 

collection section of the paper and we have added some additional clarification here.  

1Keers, R.N., Williams, S.D., Cooke, J., & Ashcroft, D.M. (2013). Prevalence and nature of medication 

administration errors in health care settings: A systematic review of direct observational evidence. 

Ann Pharmacother, 47(2), 237-256.  

 

Data Collection  

Point prevalence  

The authors mention that the data collectors will be trained. However, they do not mention whether a 

method will be employed to ensure inter-rater reliability. I believe that inter-rater reliability is a critical 

factor to consider as it will be important for the researchers to be able to demonstrate that all data 

collectors were consistent in how they carried out the actual observations. I understand that pairs of 

observers will work together to agree on what they observe. However, I think it’s also important to 

demonstrate that there is inter-rater reliability across observation sites.  

We do not intend to measure inter-rater reliability directly. This is a limitation, but there are practical 

and resource constraints that make this unfeasible. In order to determine consistency in how well the 

data collectors carried out the observations, there would need to be a second pair of data collectors 

available at the same point in time to collect data on the same infusion, this would be costly. 

Furthermore, if data collectors from different sites were used this would compromise the anonymity of 

participating hospitals. Even just having different observers review each others’ collected data may be 

problematic as determination of some errors and discrepancies depends on local policies.  
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We are taking steps to minimise the variation between the observers by providing comprehensive 

training, including conducting some observations in the presence of the research team, and using 

sample cases to facilitate discussions about error definitions and severity rating. We have 

emphasised to the data collectors “if in doubt, record it” and that we will be reviewing all data at the 

end of the study and will exclude / reclassify any that are outwith the definitions used in our study. 

This will give some degree of consistency in the data collected. This has been noted in the revised 

manuscript.  

Furthermore, by using a second method for assessing the potential severity of errors that will involve 

four experienced healthcare professionals, we will have some indication of how consistent the 

observers’ assessments are at each site.  

 

There is no mention of the “Hawthorne Effect”, or the idea that participants in research studies may 

modify their behaviour in response to being studied. This is a factor for consideration in this research 

because nurses’ medication administration performance is under investigation. Although there is 

some debate on the impact of the Hawthorne effect on human behaviour, steps should be taken to 

ensure observers’ presence is as unobtrusive as possible to the nurses to minimize the possibility of 

its influence on the results. It will be impossible to guarantee that nurses’ behaviour remains 

unchanged as a result of being observed. However, the authors should consider ways of making 

observers’ presence as unobtrusive as possible to the nurses. I also raise this point because 

reviewers will undoubtedly ask that researchers comment on considerations around the “Hawthorne 

Effect” in future publication.  

As we are using a point prevalence methodology, the data collectors will be observing only the 

infusion pumps that are running, rather than observing nurses during the setting up of administrations, 

and therefore we think the impact of observation will be more limited than if the nurses themselves 

were being directly observed.  

In addition, although consent will be sought from ward managers to conduct observations, we ask that 

the data collection is not discussed more widely amongst ward staff, and in particular, that staff are 

not aware of the specific times for data collection in advance to reduce the likelihood that their 

behaviour will be affected. This has been clarified in the text.  

Furthermore, literature suggests that tactful observation has no impact on medication administration 

error rates.[1]  

1 Dean, B. & Barber, N. (2001). The validity and reliability of observational methods for studying 

medication administration errors. American Journal of Health-System Pharmacy 57, 57-62.  

 

Contextual interviews  

The contextual interviews are scheduled to occur after the point prevalence observations have been 

conducted. I wonder if there would be some value in conducting some contextual interviews prior to 

the point prevalence study? That is, it might be valuable for the data collectors to understand the 

current practices and hospital policies prior to conducting the observations, as they will have a better 

sense of what to look for. Given that interviews will be conducted over two days, perhaps 

consideration could be given to conducting one interview prior to the pint prevalence and the second 

interview after the point prevalence.  

Data will be collected by locally employed clinicians who can be expected to have a good 

understanding of current local practices and hospital policies. We have edited the text to clarify that 

the observers are employees of the participating sites. In addition observers are asked in training to 

identify and familiarize or reacquaint themselves with any relevant policies prior to beginning data 

collection. Therefore, we believe that the time available for qualitative methods will be more effectively 

used, and the data more informative, after the prevalence data has been collected, allowing 

participants an opportunity to reflect on and discuss the findings.  

 

Data management and analysis  

Point prevalence study  
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The authors do not describe in detail the statistical analyses that will be performed. As per my earlier 

comment regarding sample size, it is recommended that the authors identify, which specific statistical 

analyses will be conducted (even though no complex multivariate analyses are planned) to ensure 

that the sample size is adequate, especially given that discrepancy rates will be analysed as a 

function of hospital site, clinical area and type of pump.  

We have added some further detail to the manuscript to describe the point prevalence analysis. As 

described above the sample size is based on an overall error rate. Any analyses comparing error 

rates between hospital, clinical area or type of pump will be exploratory. 

VERSION 2 – REVIEW 

REVIEWER Robin Ferner 
West Midlands Centre for Adverse Drug Reactions  
UK 

REVIEW RETURNED 19-Dec-2015 

 

GENERAL COMMENTS The authors have worked hard to take into account the points raised 
in the original review. It is hoped that the manuscript is improved in 
consequence, and will soon be suitable for publication.  
 
I have one remaining concern.  
At 4/36 line 30 the authors still insist on describing this method as 
'widely accepted to be the gold standard method.' Yet a gold 
standard method cannot be bettered. The authors here state at 
15/36 21 that 'The point prevalence methodology described has a 
number of inherent limitations. Firstly, the study focuses on 
medication administration and the clinical appropriateness of the IV 
medication prescribed is not assessed. Data collection will capture 
infusions at one point in time and it is unlikely that errors in the 
reparation of a drug will be picked up.'  
 
My worry is that, with such distinguished advocates as David Bates 
and Briony Dean-Franklin endorsing the view that the trial method 
represents a gold standard, others will be led to believe it cannot be 
improved upon.  
 
Incidentally, the authors' view in their reply regarding drug assay is 
outdated: the advent of LC-MS-MS means that a huge range of 
medicines can now be assayed in biological fluids with unparalleled 
accuracy; and the analysis of infusates is even easier.  

 

REVIEWER Patricia Trbovich 
University Health Network and University of Toronto, Canada 

REVIEW RETURNED 06-Jan-2016 

 

GENERAL COMMENTS Thank you for sending me the revision of the manuscript. The 
authors have satisfactorily responded to all of my concern. From my 
point of view, the paper is now acceptable for publication.  

 

VERSION 2 – AUTHOR RESPONSE 

We have now revised the manuscript as requested, removing the description of structured 

observation as 'widely accepted to be the gold standard method'. We hope that this will address the 

one remaining concern of reviewer 1. 
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VERSION 3 - REVIEW 

REVIEWER Robin Ferner 
West Midlands Centre for Adverse Drug Reactions 

REVIEW RETURNED 20-Jan-2016 

 

GENERAL COMMENTS All necessary changes now made.  

 

REVIEWER Patricia Trbovich 
University Health Network, Canada 

REVIEW RETURNED 08-Feb-2016 

 

GENERAL COMMENTS I believe the authors have done a good job of addressing the 
comments and that the manuscript is ready for publication.   
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