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ABSTRACT

Objectives. Double checking is used in oncology to detect medication errors before administering 

chemotherapy. The objectives of the study were to determine the frequency of detected potential 

medication errors, i.e., mismatching information, and to better understand the nature of these 

inconsistencies. 

Design. In observing checking procedures, field notes taken of all inconsistencies that nurses 

identified during double checking the prescription against the prepared chemotherapy.

Setting. Oncological wards and ambulatory infusion centers of three Swiss hospitals.

Participants. Nurses’ double checking was observed. 

Outcome measures. In a qualitative analysis, 1) a category system for the inconsistencies was 

developed, and 2) independently applied by two researchers. 

Results. In 22 (3.2%) of 690 observed double checks, 28 chemotherapy-related inconsistencies were 

detected. Half of them related to non-matching information between prescription and drug label, while 

the other half was identified because the nurses used their own knowledge. 75% of the inconsistencies 

could be traced back to inappropriate prescriptions, and the inconsistencies led to 33 subsequent or 

corrective actions.

Conclusions. In double check situations, the plausibility of the medication is often reviewed. 

Additionally, they serve as a correction for errors and that are made much earlier in the medication 

process, during prescription. Both results open up new opportunities for improving the medication 

process.

Strengths and Limitations of this study

 This is the first study to investigate what kind of information double checks actually detect.

 Using an observational approach and assessing a large number of double checks allows for 

insights and conclusions that are relevant for clinical practice.

 If the potential severity of the detected inconsistencies were differentiated, a more precise 

potential value could have been derived in terms of prevention of medication errors that the 

double checks may have had.
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INTRODUCTION

Chemotherapy medication errors can have severe consequences and are prevalent in oncology care 

(Mattson et al. 2015; Schwappach & Wernli, 2009). In order to make sure that a certain patient gets 

the right drug in the right dose at the right time via the right route – in short, to detect potential 

medication errors before a drug is administered, double checking procedures are often introduced in 

the chemotherapy medication process. A survey study in Switzerland has found that oncology nurses 

strongly believed that double checks were an effective means to reduce medication error rates and to 

enhance safety[1]. However, as two systematic reviews reported, the evidence supporting double 

checking as a safety increasing method is weak: the effectiveness of double checking procedures in 

reducing medication error rates and patient harm i.e., in increasing medication safety has not yet been 

demonstrated empirically [2,3], despite positive experiences being reported [4–6]. 

The aim of double checks applied in oncology often is to identify a potential inconsistency of 

information between two references: the prescription (as print-out or on a computer screen) and the 

actual drug (a label on an IV bag or a label on a bag or box of pills). An inconsistency means that for 

example the name, the dose, or the day of administration on the drug label does not match the 

prescription. The idea behind these checks is that identifying and clarifying inconsistencies helps 

detecting medication errors before the nurse takes the medication to the patient to administer it, with 

the ultimate aim to reduce medication errors. 

While prior research has investigated the effectiveness of double checks vs. single checks for 

example[7,8], or the adherence to checking procedures[3,9], no study has assessed what kind of 

inconsistencies are actually identified during double checks. To be able to identify the potential value 

of double checks it is however important to better know what kind of mismatching information double 

checks detect. In order to address this research gap, we observed double checking procedures in 

oncology care. The aims of this study were 1) to determine the frequency with which double checking 

procedures identify an inconsistency, e.g., between prescription and drug (infusion) label; 2) to 

analyze the inconsistencies identified in these situations in order to develop categories in order to 

classify and better understand the inconsistencies. Thus, we did not detect actual administration errors 

but focused on the inconsistencies that were detected before administration in performing double 

checks. 

While checks are applied throughout the chemotherapy medication process from prescription to 

administration[10], we focused in this study on the check that is done by nurses after the medication is 

produced and delivered to the unit and before it is administered to the patient. In many oncology care 

settings, a double check is applied at this point in the process[8,11], probably, because this is the 

moment in which the produced chemotherapy enters the nursing medication preparation and 

administration process. This is the last barrier to intercept any wrong information or error before 

administration.
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METHOD

The study was designed as an observational study. It was part of a larger project on observing double 

checking procedures. 

Setting

We observed medication checking procedures in wards and ambulatory infusion units of three Swiss 

hospitals (2 ambulatory infusion units and the oncological wards of two large university hospitals and 

one regional hospital). In all of them, the hospital pharmacy produced and labelled the infusion bags 

for chemotherapy. The observer was present in the room in which the medication was prepared and 

observed the double checking procedures. As the rooms are small and often busy, the researcher 

sometimes stood by the door of the room in order not to interfere with the work processes until a 

check was performed. Most of the double check procedures were assessed during day-long 

observations in the ambulatory infusion centers or a day clinic. On the wards, we only observed at 

specific times, when the medication was checked for the current shift.

Basically, two different checking procedures were applied: two nurses collaborating simultaneously in 

comparing the prescription to the actual drug produced, e.g., in a read-read back procedure[11], or two 

nurses checking separately with one person conducting a check after the other. 

Study design and procedures

The observers took notes about the inconsistencies identified during the double checking process, e.g., 

upcoming questions or remarks relating the medication. The participating organizational units applied 

two different kinds of procedures: checking procedures in which two nurses collaborated; and 

procedures performed separately. For the collaborating procedures (conducted in all units except one 

ambulatory infusion center), it was easy to assess an identified inconsistency, as the nurses talked to 

each other. During the separated procedures, we therefore observed the eye movement and the 

subsequent actions in order to assess whether during the check, the nurse identified something that 

needed clarification of the checked set of information. As this usually led to subsequent actions like 

looking something up, writing something down, or asking another person a question, it was possible to 

assess the inconsistencies in these situations, too. The observers also asked questions in order to fully 

understand what the issue was that was identified, either right after the nurse(s) finished their task or in 

the evening after the assessment day. As in the observation situation it was not always easy to 

determine what is and is not an inconsistency, all upcoming questions and issues related to the 

medication process of the patient during the check were recorded. Two observers conducted the 

assessments, both were trained in patient safety, one was additionally a trained nurse (CZ) and the 

other a trained psychologist and safety expert (YP). The observation approach was tested in trial 

assessments prior to the actual study assessments. The notes were recorded by the observer and 
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checked by the other observer for understandability after each assessment day, so that any missing 

clarity could be eliminated while the observation was still “fresh” in the mind of the observer. 

Participants 

Each observed nurse was informed about the aims of the study, the measures to assure the anonymity 

of data collection, the expected duration of the study, and that participation in the study was 

completely voluntary and could be waived at any point in time. Their informed consent was 

documented in signing an agreement. The study was considered exempt by the Cantonal ethics 

committee (KEK ZH Nr. 2016–00094), as data assessment was anonymous, and no patient-related 

data was gathered.

Sample 

We observed N=868 checking situations and assessed upcoming inconsistencies. Of those checking 

situations, n=512 were related to double checks performed by two persons collaborating 

simultaneously; n=356 were related to checking situations in which one nurse checked alone as part of 

a double check, thus these checking situations amount to n=178 double checks. The resulting total of 

observed double checks was N=690. 

Data analysis

The field notes from the observations were analyzed qualitatively. Data analysis involved two broad 

steps: in the first step, the category system for analyzing the field notes was developed. In the second 

step, the category system was applied to analyze all notes of inconsistencies. One field note contained 

a description of one observed inconsistency. Three researchers worked in the analysis process, the two 

observers (CZ and YP) worked as coders and one researcher (DS) as advisor in taking decisions. For 

the category development, the two coders first coded independently from each other, then discussed 

and iteratively adjusted the categories developed (CZ) coded the whole data set and YP coded only a 

subset of the data. The final category system was applied and tested. After discussion with the advisor, 

the category system was ‘freezed’. One researcher (CZ) coded all data again applying the final 

category system and after that, the other researcher (YP) coded also the whole data set in three steps, 

with differences between the codings being discussed in the research team until agreement was 

achieved. Thus, at the end of this analysis process, the notes of observed inconsistencies that came up 

during double checking situations and were related to chemotherapy were categorized twice and an 

agreement was reached between the participating researchers. This procedure made sure that a) 

potential misunderstandings and coding errors were identified and b) differing views were openly 

discussed, in order to maximize objectivity. 

Only chemotherapy-related inconsistencies were analyzed. Two inconsistencies involving folinic acid, 

which is used as additive in chemotherapy, were also included. Three inconsistencies related to the 
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determination of flow rates were not included, as the calculation of flow rates was not systematically 

part of the double check procedure.

RESULTS

In 22 of 690 double checks (3.2% of double checks), 28 chemotherapy-related inconsistencies were 

detected; in four checks, several (2-3) inconsistencies were identified. During all double checks 

conducted in a separated procedure, 9 inconsistencies were detected, and 19 were detected during the 

collaborating checking procedures.

Table 1 shows the resulting coding scheme and the frequencies of the categories, along with examples. 

Analyzing the nature of each inconsistency detected, we identified that there were two different kinds 

of inconsistencies depending on the sources of information or knowledge used: 

The nurses identified a) 14 (50%) disconcordant pairs of information between the label of the drug (12 

bag labels for IV-chemotherapy, 2 labels for pill boxes) and the prescription. They also identified b) 

14 (50%) inconsistencies between information on the drug label or the prescription and their 

knowledge. By knowledge, we meant expert knowledge about drugs, and therapies, but also 

situational knowledge about the patient and its condition, the cycle he or she was in, about usual 

prescription inadequacies and handling of information by the pharmacy. 

Furthermore, in focusing on the kind of error within each inconsistency, we found that most related to 

inconsistent infusion durations (12 of the 28). In sum, 21 (75%) inconsistencies could be traced back 

to information that was already inappropriate or wrong on the prescription. 

We also assessed n=33 subsequent or corrective actions of the nurses in response to the inconsistency 

detected. While 4 inconsistencies did not lead to any subsequent action, 17 led to one action and 7 

inconsistencies to two or three actions (per inconsistency, 1.2 actions were carried out, SD: 0.77). 

More than half (n=18, 64%) of inconsistencies were acted upon in correcting the prescription. We also 

recorded eight actions relating to communicating either to other persons, which often meant to do a 

phone call for example, because the persons were not in the room. 

DISCUSSION

This study is the first to explore the immediate inconsistencies detected by double-checking 

medications. Two results of this study are particularly standing out: First, half of the identified 

inconsistencies were not identified in checking two sets of information against each other, but in 

nurses using their own knowledge to evaluate the information on the label or the prescription. Second, 

a majority (75%) of the identified inconsistencies originated from the prescription.

Currently, there is no study quantifying the evidence regarding the relation between double checking 

and actual patient harm[3]. However, the potential of double checks to detect administration errors that 

would have otherwise resulted in actual patient harm is expected to be rather low[3], putting into 
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question the considerable resources and cognitive capacity invested in double checking. The kinds of 

errors that were identified during the checks support this observation, as many of them were related to 

infusion duration, or missing or wrong information on the prescription that was often corrected by the 

nurses. However, the plenty of prescribing errors or problems that needed to be corrected by the nurses 

point to a systemic problem of prescription quality that is fixed by the nurses before administration, 

i.e., at the very front-end of cancer care. Using double checking as a method to assure prescription 

quality is a misplaced use of human resources and also represents an allocation of responsibility to the 

nurses that would not be necessary if the quality of the prescriptions was assured earlier in the 

medication process. In line with the approach proposed by Trbovic and Shojania[12] of addressing 

issues at their root cause, we therefore argue that assuring a high prescription quality would be more 

effective than performing double checks for attaining it. It also would save the time that is involved in 

clarifying inconsistencies, for example of calling a physician to clarify a prescription. Our study has 

shown that each inconsistency entails more than one such action in the mean.

Double checking has been criticized for only catching a part of medication errors due to several 

reasons, e.g., complacency in performing the checks[13], disturbing environmental conditions[11], or 

non-adherence to checking protocols[14,15]. The collaborating checking procedure itself has been 

criticized as a ritualistic chant that reduces attention to detail[8,16]. The results of this study open up a 

completely new perspective on double checking: half of the identified inconsistencies did not result 

from comparing two sources of information, i.e., the prescription and the drug label, but from using 

own knowledge as reference to review information for plausibility[17]. Thus, cognitive activities like 

critical thinking which are different from the mechanistic thought processes applied during the checks, 

e.g., read-read back procedures, were performed during the checks. Consequently, many kinds of 

errors were identified that cannot be found by checking the concordance or disconcordance of pairs of 

information: such as flow rate not adapted to the chemotherapy cycle the patient was in, or the wrong 

ward indicated on an infusion bag. Interestingly, identifying mismatching information in a check goes 

back to a rather mechanistic cognitive activity[18], which is performed best when all other influences 

of sense-making are reduced in order to avoid cognitive biases. In contrast, critical thinking and 

reviewing information using own knowledge works best if all the knowledge that a person may have is 

actualized. In their analysis of checking procedures, White et al.[18] proposed that abstract thinking, 

i.e., critically reviewing a set of drugs that is to be administered, is important for medication safety and 

that this activity should be separated from other mechanistic tasks. Specific research is needed on how 

to support that kind of activity. Our results thus point to a potentially powerful opportunity to detect 

errors before drug administration: new ways of integrating critical thinking into the medication 

process are needed, an argument that Rohde et al. have also brought forward in their review[19]. For 

example, it may be worthwhile to define specific locations and times for the critical review of the 

appropriateness of the drugs for a certain patient. A review for plausibility could be conducted before 

administration and in a space that allows the nurse to distant theirself from the daily business and to 
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very attentively think about the patient and the drugs to be administered at hand. The space may be a 

booth or an area indicated using duct tape on the floor[20]. Moreover, it would be useful to train 

nurses in doing checks and in doing plausibility reviews, so that they could activate the appropriate 

mindset for the activity at hand. Specific descriptions of the behavior expected to be performed within 

checking procedures are often missing in nursing guidelines, although a prior simulation study has 

shown that checklists for conducting double checks increased error detection[18]. Our results thus 

point to the need to specifically describe what kind of behavior is expected to be performed in a check 

and in a plausibility review, respectively, and to distinctly differentiate them within the medication 

process in defining specific locations and times.

Hewitt et al.[21] discussed that double checking also can be regarded as a tool for organizational 

learning as the double checks had an informal part in which the nurses sometimes would bring up best 

practices or an opinion on how to accomplish a task. This is only true for double checks that are 

conducted by two persons working simultaneously. The results of our study show that double checks 

are a potential source of error detection going back to critical thinking. However, this critical thinking 

would better be designed to be a separate activity in the medication process for the above-mentioned 

reasons. Future research should thus not only address the effectiveness of ‘single check’ vs. ‘double 

check’, but also the pair ‘single check plus plausibility review’ and its potential to identify relevant 

medication errors.

Limitations

The inconsistencies detected were not categorized differentiating their severity and probability for 

harming a patient. This would have allowed to better gauge the potential value of double checking for 

avoiding medication errors based on our results. We refrained from attributing severity to the 

identified consistencies, as we could not evaluate how probable it would have been for a specific error 

to be caught after the check, and because we were not able to reliably evaluate the potentially resulting 

harm for a patient. 

It is possible for the separated checking procedures that the observers may not have captured all 

inconsistencies. However, the observers were well-trained and acquainted with the work processes 

before the actual data gathering and they had the possibility to ask questions to understand whether 

there was an inconsistency identified. These measures supported a comprehensive assessment of all 

inconsistencies. 

In order to reduce potential subjectivity in the qualitative date analysis of the notes taken, we applied 

the following means: all the notes were coded twice by two coders working independently from each 

other, supervised by a third researcher that was involved in discussing non-alignments. 
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CONCLUSION

Double checking has long been performed to improve medication safety in catching errors, 

specifically in the preparation and administration of high-risk drugs such as chemotherapy. However, 

evidence of its effectiveness to do so has not been established satisfactorily to date. This study 

analyzed what kind of information is actually detected within double check processes in oncology 

care. Its results point to a function of checks that has not yet been discussed: double checks may work 

as a moment of critical thinking about the appropriateness of the specific drug administration. This 

seems to be an important element of check moments, which is not supported by any checking 

procedure to date. The value of checks considering their costs in terms of human resources has been 

debated[3], we therefore argue based on the results of this study for integrating moments designed 

specifically for plausibility reviewing into the high-risk medication nursing process. This would allow 

nurses to activate an appropriate mindset[17,18] to use their own knowledge for the prevention of 

errors. Additionally, this study showed that errors should be better fixed at their source rather than be 

allowed to migrate through the system and be discussed and potentially fixed by the nurses during a 

double check, as was the case with a large amount of identified inconsistencies that went back to 

prescription quality.
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Table 1: Coding scheme, frequencies, and examples

Coding scheme
Frequency Examples

Type of inconsistency

Disconcordant pair of external information 14 (50%)

a certain drug was prescribed to be diluted in 100ml but was 
delivered by pharmacy in 250ml; the duration of the infusion 
was indicated as being 15min on the prescription but was 
labelled as 30min by the pharmacy

Disconcordance between external 
information and knowledge 14 (50%)

nurses correcting the infusion duration because it was wrongly 
prescribed or wrongly labelled or both; nurses identifying a 
wrong ward indicated on the infusion bag; nurses identifying a 
wrong infusion set;

Total 28 (100%)

Kind of error identified

prescribed infusion duration 12 (43%)

Infusion rate for a first-time administration was prescribed 
although patient was getting second administration; drug was 
prescribed to be administered in 15min, information on drug by 
pharmacy indicated infusion duration of 30min;

wrong quantity of infusion 3 (11%)

the right drug amount was diluted in more solution than 
prescribed, thus the pharmacy had already corrected a 
prescription error; the pharmacy having produced 400mg of a 
chemotherapeutic drug, while only 390mg was prescribed;

wrong date on prescription 2 (7%)

other prescription-related issues 4 (14%)
Prescription not yet cleared by the senior physician; pieces of 
information missing on the prescription that needed to be filled 
in; prescription was changed, but nurses did not know and used 
old prescription in checking the produced chemotherapy; carrier 
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solution was prescribed to be sodium chloride but was corrected 
to dextrose by nurse;

wrong or missing information on the drug 
label 4 (14%)

the wrong organizational unit on an infusion bag; a missing date 
on a pack of pills; a wrong duration for taking chemotherapy 
pills in relation to the number of pills prepared;

other 3 (11%)
nurse took wrong prepared chemotherapy infusion bag from 
refrigerator; two inconsistencies could not be unambiguously 
categorized;

Total 28 (100%)

Subsequent and corrective actions*
correcting the prescription 18 (55%)

communicating with another person about 
the inconsistency 8 (24%) to another nurse (2), to a pharmacist (2); to a physician (4);

correcting the drug label 3 (9%) by a nurse (2); by a pharmacist (1);

calculation repeated 2 (6%) how long one set of pills were to be taken at home; the infusion 
rate of an infusion to be administered over two days;

put back wrong infusion bag in refrigerator 1 (3%)

look something up 
1 (3%)

as the organizational unit name was missing on the infusion bag, 
the nurses looked up in the system whether there were two 
persons with the same name in the same unit;

Total 33 (100%)
No subsequent action 4 (0)

*The number of actions is higher than the total of inconsistencies, as more than one action may have resulted from an inconsistency. 
Percentages relate to total number of actions here.
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ABSTRACT

Objectives. Double checking is used in oncology to detect medication errors before administering 

chemotherapy. The objectives of the study were to determine the frequency of detected potential 

medication errors, i.e., mismatching information, and to better understand the nature of these 

inconsistencies. 

Design. In observing checking procedures, field notes taken of all inconsistencies that nurses 

identified during double checking the order against the prepared chemotherapy.

Setting. Oncological wards and ambulatory infusion centers of three Swiss hospitals.

Participants. Nurses’ double checking was observed. 

Outcome measures. In a qualitative analysis, 1) a category system for the inconsistencies was 

developed, and 2) independently applied by two researchers. 

Results. In 22 (3.2%) of 690 observed double checks, 28 chemotherapy-related inconsistencies were 

detected. Half of them related to non-matching information between order and drug label, while the 

other half was identified because the nurses used their own knowledge. 75% of the inconsistencies 

could be traced back to inappropriate orders, and the inconsistencies led to 33 subsequent or corrective 

actions.

Conclusions. In double check situations, the plausibility of the medication is often reviewed. 

Additionally, they serve as a correction for errors and that are made much earlier in the medication 

process, during order. Both results open up new opportunities for improving the medication process.

Strengths and Limitations of this study

 This is the first study to investigate what kind of information double checks actually detect.

 Using an observational approach and assessing a large number of double checks allows for 

insights and conclusions that are relevant for clinical practice.

 If the potential severity of the detected inconsistencies were differentiated, a more precise 

potential value could have been derived in terms of prevention of medication errors that the 

double checks may have had.

Page 3 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

1 INTRODUCTION

2 Chemotherapy medication errors can have severe consequences and are prevalent in oncology care 

3 [1,2]. In order to make sure that a certain patient gets the right drug in the right dose at the right time 

4 via the right route – in short, to detect potential medication errors before a drug is administered, 

5 double checking procedures are often introduced in the chemotherapy medication process. They are 

6 intended to act as a safety barrier before the administration, as a chemotherapy medication error may 

7 have severe or fatal consequences due to the toxicity of the drugs, their narrow therapeutic range and 

8 the vulnerability of the patients. A survey study in Switzerland has found that oncology nurses 

9 strongly believed that double checks were an effective means to reduce medication error rates and to 

10 enhance safety[3]. However, as two systematic reviews reported, the evidence supporting double 

11 checking as a safety increasing method is weak: the effectiveness of double checking procedures in 

12 reducing medication error rates and patient harm i.e., in increasing medication safety has not yet been 

13 demonstrated empirically [4,5], despite positive experiences being reported [6–8]. 

14 The aim of double checks applied in oncology often is to identify a potential inconsistency of 

15 information between two references: the order (as print-out or on a computer screen) and the actual 

16 drug (a label on an IV bag or a label on a bag or box of pills). An inconsistency means that for 

17 example the name, the dose, or the day of administration on the drug label does not match the order. 

18 The idea behind these checks is that identifying and clarifying inconsistencies helps detecting 

19 medication errors before the nurse takes the medication to the patient to administer it, with the 

20 ultimate aim to reduce medication errors. 

21 While prior research has investigated the effectiveness of double checks vs. single checks for 

22 example[9,10], or the adherence to checking procedures[5,11], no study has assessed what kind of 

23 inconsistencies are actually identified during double checks. To be able to identify the potential value 

24 of double checks it is however important to better know what kind of mismatching information double 

25 checks detect. In order to address this research gap, we observed double checking procedures in 

26 oncology care. The aims of this study were 1) to determine the frequency with which double checking 

27 procedures identify an inconsistency, e.g., between order and drug (infusion) label; 2) to analyze the 

28 inconsistencies identified in these situations in order to develop categories in order to classify and 

29 better understand the inconsistencies. Thus, we did not detect actual administration errors but focused 

30 on the inconsistencies that were detected before administration in performing double checks. 

31 While checks are applied throughout the chemotherapy medication process from order to 

32 administration[12], we focused in this study on the check that is done by nurses after the medication is 

33 produced and delivered to the unit and before it is administered to the patient. In many oncology care 

34 settings, a double check is applied at this point in the process[10,13], probably, because this is the 

35 moment in which the produced chemotherapy enters the nursing medication preparation and 

36 administration process. This is the opportunity to intercept any wrong information or error before 

37 administration.
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38 METHOD

39 The study was designed as a non-participant observational study. It was part of a larger project on 

40 observing double checking procedures. 

41 Setting

42 We observed medication checking procedures in wards and ambulatory infusion units of three Swiss 

43 hospitals (2 ambulatory infusion units and the oncological wards of two large university hospitals and 

44 one regional hospital). In all of them, the hospital pharmacy produced and labelled the infusion bags. 

45 In one hospital, pharmacy also prepared and labelled the oral chemotherapy pills; in another, the 

46 nurses prepared the oral drugs. In the third hospital, no oral drugs were dispensed by the ambulatory 

47 infusion center due to regulative restrictions on canton (state) level. 

48 In all three hospitals, the orders were entered in a computer-based system, however, only in one 

49 hospital the physician order system directly communicated with the pharmacy production system. In 

50 the other systems, pharmacy needed to transfer manually the order into their production system, which 

51 was software CATO® for all three hospitals. The nurses usually had the order in front of them, either 

52 as print-out or on the computer screen. Bar-code scanning was not present in any of the hospitals. 

53 The observer was present in the room in which the medication was prepared and observed the double 

54 checking procedures for chemotherapy - infusion bags as well as pills that were handed to the patients. 

55 As the rooms are small and often busy, the researcher sometimes stood by the door of the room in 

56 order not to interfere with the work processes until a check was performed. Most of the double check 

57 procedures were assessed during day-long observations in the ambulatory infusion centers or a day 

58 clinic. On the wards, we only observed at specific times, when the medication was checked for the 

59 current shift, often in the morning.

60

61 Checking procedures and inconsistencies

62 In the observed units, two different checking procedures were applied: two nurses collaborating 

63 simultaneously in comparing the order to the actual drug produced, e.g., in a read-read back 

64 procedure[13], or two nurses checking separately, e.g., distant in time and/or space from each other. 

65 Due to the ritualistic manner in which the double checks were performed – particularly the 

66 collaborative ones – inconsistencies could well be detected: An inconsistency was defined as a 

67 deviation from the usual checking behavior that may relate to a missing clarity, a question, or a remark 

68 regarding the information to be checked. Thus, during the medication administration process, an 

69 inconsistency is the point at which nurses’ “investigation” is initialized, whether there is an error, or 

70 not. 

71 The nurses checked the name and the birthdate of the patient, the current date, the drug, the dose, and 

72 for infusion bags the kind of solution and the duration of the administration, if already calculated. 

73 Sometimes, they also mentioned the date of expiry and the kind of storage that was needed for the 

74 drug (cooling, light protection), an information which usually was only displayed on the drug and not 
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75 in the order. In some places and times, the nurses also conducted the calculation of the infusion 

76 duration together after checking these items. As calculation is a cognitively different activity from 

77 checking [14], and because it was not a routine part of the checking procedure, we did not integrate 

78 calculations in the study. 

79 Data collection procedure

80 Usually, the nurses conducted a double check right after preparing a set of medication for 

81 administration. During the nurses’ medication preparation process, the observer was on stand-by, 

82 attentively watching in order to detect any upcoming checking situation. When a double check was 

83 conducted, data assessment started. After having observed the complete double check, the observer 

84 took a note when an inconsistency was identified during the double check process. This means, the 

85 observer wrote down on a sheet of paper when the nurse talked about anything else than the 

86 information to check, e.g. questions or remarks relating the medication.that the nurses talked about in 

87 the checking situation.. For the collaborative checking procedures (conducted in all units except one 

88 ambulatory infusion center), it was easy to assess an identified inconsistency, as the nurses talked to 

89 each other. During the separated procedures, we therefore observed the eye movement and the 

90 subsequent actions in order to assess whether during the check, the nurse identified something that 

91 needed clarification of the checked set of information. As this usually led to subsequent actions like 

92 looking something up, writing something down, or asking another person a question, it was possible to 

93 assess the inconsistencies in these situations, too. The observer also asked questions in order to fully 

94 understand what the issue was that was identified, either right after the nurse(s) finished their task or in 

95 the evening after the assessment day. As in the observation situation it was not always easy to 

96 determine what is and is not an inconsistency, all upcoming questions and issues related to the 

97 medication of the patient during the double check were recorded. The notes were transferred into a 

98 digital document by the observer and checked by the other researcher for understandability after each 

99 assessment day, so that any missing clarity could be eliminated while the observation was still “fresh” 

100 in the mind of the observer. Two observers conducted the assessments, both were trained in patient 

101 safety, one was additionally a trained nurse (CZ) and the other a trained psychologist and safety expert 

102 (YP). The observation approach was tested in trial assessments prior to the actual study assessments. 

103 Participants 

104 Each observed nurse was informed about the aims of the study, the measures to assure the anonymity 

105 of data collection, the expected duration of the study, and that participation in the study was 

106 completely voluntary and could be waived at any point in time. Their informed consent was 

107 documented in signing an agreement. The study was considered exempt by the Cantonal ethics 

108 committee (KEK ZH Nr. 2016–00094), as data assessment was anonymous, and no patient-related 

109 data was gathered.

110

111
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112 Sample 

113 We observed N=868 checking situations and assessed upcoming inconsistencies. Of those checking 

114 situations, n=512 were related to double checks performed by two persons collaborating 

115 simultaneously; n=356 were related to checking situations in which one nurse checked alone as part of 

116 a double check, thus these checking situations amount to n=178 double checks. We use the term 

117 checking situation to account for the fact that a double check conducted in a collaborative manner 

118 usually takes place in one situation, while a double check that is performed separately consists in two 

119 checking situations. The resulting total of observed double checks was N=690. 

120

121 Data analysis

122 The field notes from the observations were first analyzed in a qualitative content analysis and 

123 subsequently, the category frequencies were counted. The objective of the analysis process was to 

124 develop categories describing the kinds of inconsistencies that come up in double checking better. 

125 Qualitative data analysis involved two broad steps: in the first step, the category system for analyzing 

126 the field notes was developed. In the second step, the category system was applied to analyze all notes 

127 of inconsistencies. One field note contained a description of one observed inconsistency, which means 

128 that for the four checks in which more than one inconsistency was identified, the according field note 

129 was also split so that one inconsistency was described per note. Three researchers worked in the 

130 analysis process, the two observers (CZ and YP) worked as coders and one researcher (DS) as advisor 

131 in taking decisions. For the category development, the two coders first coded independently from each 

132 other, then discussed and iteratively adjusted the categories developed. CZ coded the whole data set 

133 and YP coded only a subset of the data. The final category system was tested. After discussion with 

134 the advisor, the category system was ‘frozen’. One researcher (CZ) coded all data again applying the 

135 final category system.  After that, the other researcher (YP) also coded the whole data set 

136 independently and blinded to the first researchers codings. After each third of the dataset that was 

137 coded for the second time differences between the researcher’s respective codings were discussed in 

138 the research team until agreement was achieved. Thus, at the end of this analysis process, the notes of 

139 observed inconsistencies that came up during double checking situations and were related to 

140 chemotherapy were categorized twice and an agreement was reached between the participating 

141 researchers. This procedure made sure that a) potential misunderstandings and coding errors were 

142 identified and b) differing views were openly discussed, in order to maximize objectivity. The 

143 software Atlas.ti was used for the analyses.

144 Only chemotherapy-related inconsistencies were analyzed. Two inconsistencies involving folinic acid, 

145 which is used as adjunctive in chemotherapy, were also included. Three inconsistencies related to the 

146 determination of flow rates were not included, as the calculation of flow rates was not systematically 

147 part of the double check procedure.

148
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149 Patient and Public Involvement

150 The idea to do the larger research project in which this study was conducted evolved from the 

151 questions we received from healthcare workers in Switzerland about whether and how to best apply 

152 double checking for high-risk drugs. From the time when the project was funded, the public was 

153 informed on the website of the Patient Safety Foundation, via the newsletter and in talks on double 

154 checking, the research project and its results given at collaborating hospitals and at conferences. We 

155 additionally published a recommendation of how and when to use double checking in hospitals which 

156 is freely available. 

157

158 RESULTS

159 In 22 of 690 double checks (3.2% of double checks), 28 chemotherapy-related inconsistencies were 

160 detected; in four checks, several (2-3) inconsistencies were identified. During all double checks 

161 conducted in a separated procedure, 9 inconsistencies were detected, and 19 were detected during the 

162 collaborating checking procedures.

163 Table 1 shows the resulting coding scheme and the frequencies of the categories, along with examples. 

164 Analyzing the nature of each inconsistency detected, we identified that there were two different kinds 

165 of inconsistencies depending on the sources of information or knowledge used: 

166 The nurses identified a) 14 (50%) disconcordant pairs of information between the label of the drug (12 

167 bag labels for IV-chemotherapy, 2 labels for pill boxes) and the order. They also identified b) 14 

168 (50%) inconsistencies between information on the drug label or the order and their knowledge. By 

169 knowledge, we meant expert knowledge about drugs, and therapies, but also situational knowledge 

170 about the patient and its condition, the cycle he or she was in, about usual order inadequacies and 

171 handling of information by the pharmacy. 

172 Furthermore, in focusing on the origin of the inconsistency, we found that most related to inconsistent 

173 infusion durations (12 of the 28). In sum, 21 (75%) inconsistencies could be traced back to 

174 information that was already inappropriate or wrong on the order. 

175 We also assessed n=33 subsequent or corrective actions of the nurses in response to the inconsistency 

176 detected. While 4 inconsistencies did not lead to any subsequent action, 17 led to one action and 7 

177 inconsistencies to two or three actions (per inconsistency, 1.2 actions were carried out, SD: 0.77). 

178 More than half (n=18, 64%) of inconsistencies were acted upon in correcting the order. We also 

179 recorded eight actions relating to communicating either to other persons, which often meant to do a 

180 phone call for example, because the persons were not in the room. 

181

182 DISCUSSION

183 This study is the first to explore the immediate inconsistencies detected by double-checking 

184 medications. Two results of this study are particularly standing out: First, half of the identified 

185 inconsistencies were not identified in checking two sets of information against each other, but in 
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186 nurses using their own knowledge to evaluate the information on the label or the order. Second, a 

187 majority (75%) of the identified inconsistencies originated from the order.

188 Currently, there is no study quantifying the evidence regarding the relation between nurses’ double 

189 checking and actual patient harm[5]. However, the potential of double checks to detect administration 

190 errors that would have otherwise resulted in actual patient harm is expected to be rather low[5], 

191 putting into question the considerable resources and cognitive capacity invested in double checking. 

192 The kinds of origins of inconsistencies support this observation, as many of them were related to 

193 infusion duration, or missing or wrong information on the order that was often corrected by the nurses. 

194 However, the plenty of physician ordering errors or problems that needed to be corrected by the nurses 

195 or by pharmacy point to a systemic problem of physician order quality that emerges in the nurses’ 

196 double check before administration, i.e., at the very front-end of cancer care. Working on physician 

197 order quality in a double check before administration is a misplaced use of human resources and also 

198 represents an allocation of responsibility to the nurses that would not be necessary if the quality of the 

199 orders was assured earlier in the medication process. Additionally, double checking is known to be a 

200 process vulnerable to factors such as human fallibility[15] reducing its effectiveness. In line with the 

201 approach proposed by Trbovic and Shojania[16] of addressing issues at their root cause, we therefore 

202 argue that assuring a high physician order quality would be more effective than performing double 

203 checks for attaining it. It also would save the time that is involved in clarifying inconsistencies, for 

204 example of calling a physician to clarify an order. Our study has shown that each inconsistency entails 

205 more than one such action in the mean. 

206 Double checking has been criticized for only catching a part of medication errors due to several 

207 reasons, e.g., complacency in performing the checks[17], disturbing environmental conditions[13], or 

208 non-adherence to checking protocols[18,19]. The collaborating checking procedure itself has been 

209 criticized as a ritualistic chant that reduces attention to detail[10,20]. The results of this study open up 

210 a completely new perspective on double checking: half of the identified inconsistencies did not result 

211 from comparing two sources of information, i.e., the order and the drug label, but from using own 

212 knowledge as reference to review information for plausibility[21]. Thus, cognitive activities like 

213 critical thinking which are different from the mechanistic thought processes applied during the checks, 

214 e.g., read-read back procedures, were performed during the checks. Consequently, many 

215 inconsistencies were identified that cannot be found by checking the concordance or disconcordance 

216 of pairs of information: such as flow rate not adapted to the chemotherapy cycle the patient was in, or 

217 the wrong ward indicated on an infusion bag. Interestingly, identifying mismatching information in a 

218 check goes back to a rather mechanistic cognitive activity[22], which is performed best when all other 

219 influences of sense-making are reduced in order to avoid cognitive biases. In contrast, critical thinking 

220 and reviewing information using own knowledge works best if all the knowledge that a person may 

221 have is actualized. In their analysis of checking procedures, White et al.[22] proposed that abstract 
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222 thinking, i.e., critically reviewing a set of drugs that is to be administered, is important for medication 

223 safety and that this activity should be separated from other mechanistic tasks. Specific research is 

224 needed on how to support that kind of activity. Our results thus point to a potentially powerful 

225 opportunity to detect errors before drug administration: new ways of integrating critical thinking into 

226 the medication process are needed, an argument that Rohde et al. have also brought forward in their 

227 review[23]. For example, it may be worthwhile to define specific locations and times for the critical 

228 review of the appropriateness of the drugs for a certain patient. A review for plausibility could be 

229 conducted before administration and in a space that allows the nurse to distant theirself from the daily 

230 business and to very attentively think about the patient and the drugs to be administered at hand. The 

231 space may be a booth or an area indicated using duct tape on the floor[24]. Moreover, it would be 

232 useful to train nurses in doing checks and in doing plausibility reviews, so that they could activate the 

233 appropriate mindset for the activity at hand. Specific descriptions of the behavior expected to be 

234 performed within checking procedures are often missing in nursing guidelines, although a prior 

235 simulation study has shown that checklists for conducting double checks increased error detection[22]. 

236 Our results thus point to the need to specifically describe what kind of behavior is expected to be 

237 performed in a check and in a plausibility review, respectively, and to distinctly differentiate them 

238 within the medication process in defining specific locations and times.

239 Hewitt et al.[25] discussed that double checking also can be regarded as a tool for organizational 

240 learning as the double checks had an informal part in which the nurses sometimes would bring up best 

241 practices or an opinion on how to accomplish a task. This is only true for double checks that are 

242 conducted by two persons working simultaneously. The results of our study show that double checks 

243 are a potential source of error detection going back to critical thinking. However, this critical thinking 

244 would better be designed to be a separate activity in the medication process for the above-mentioned 

245 reasons. Future research should thus not only address the effectiveness of ‘single check’ vs. ‘double 

246 check’, but also the pair ‘single check plus plausibility review’ and its potential to identify relevant 

247 medication errors.

248 Limitations

249 The inconsistencies detected were not categorized differentiating their severity and probability for 

250 harming a patient. This would have allowed to better gauge the potential value of double checking for 

251 avoiding medication errors based on our results. We refrained from attributing severity to the 

252 identified consistencies, as we could not evaluate how probable it would have been for a specific error 

253 to be caught after the check, and because we were not able to reliably evaluate the potentially resulting 

254 harm for a patient. It is also possible that the inconsistencies that surfaced in the double check go back 

255 to appropriate therapeutic interchanges that are not clinically significant. The study did not assess the 

256 clinical significance of the identified inconsistencies. However, if they were not clinically relevant, the 

257 inconsistencies still elicit subsequent actions that produce interruptions, take up resources and could 

Page 10 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10

258 potentially avoided by better process design, i.e. aligning information throughout the medication 

259 process.

260 It is possible for the separated checking procedures that the observers may not have captured all 

261 inconsistencies. However, the observers were well-trained and acquainted with the work processes 

262 before the actual data gathering and they had the possibility to ask questions to understand whether 

263 there was an inconsistency identified. These measures supported a comprehensive assessment of all 

264 inconsistencies. 

265 In order to reduce potential subjectivity in the qualitative date analysis of the notes taken, we applied 

266 the following means: all the notes were coded twice by two coders working independently from each 

267 other, supervised by a third researcher that was involved in discussing non-alignments. 

268 CONCLUSION

269 Double checking has long been performed to improve medication safety in catching errors, 

270 specifically in the preparation and administration of high-risk drugs such as chemotherapy. However, 

271 evidence of its effectiveness to do so has not been established satisfactorily to date. This study 

272 analyzed what kind of information is actually detected within double check processes in oncology 

273 care. Its results point to a function of checks that has not yet been discussed: double checks may work 

274 as a moment of critical thinking about the appropriateness of the specific drug administration. This 

275 seems to be an important element of check moments, which is not supported by any checking 

276 procedure to date. The value of checks considering their costs in terms of human resources has been 

277 debated[5], we therefore argue based on the results of this study for integrating moments designed 

278 specifically for plausibility reviewing into the high-risk medication nursing process. This would allow 

279 nurses to activate an appropriate mindset[21,22] to use their own knowledge for the prevention of 

280 errors. Additionally, this study showed that errors should be better fixed at their source rather than be 

281 allowed to migrate through the system and be discussed and potentially fixed by the nurses during a 

282 double check, as was the case with a large amount of identified inconsistencies that went back to order 

283 quality.

284
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Table 1: Coding scheme, frequencies, and examples

Coding scheme
Frequency Examples

Type of inconsistency

Disconcordant pair of external information 14 (50%)

a certain drug was ordered to be diluted in 100ml but was 
delivered by pharmacy in 250ml; the duration of the infusion 
was indicated as being 15min on the order but was labelled as 
30min by the pharmacy

Disconcordance between external 
information and knowledge 14 (50%)

nurses correcting the infusion duration because it was wrongly 
ordered or wrongly labelled or both; nurses identifying a wrong 
ward indicated on the infusion bag; nurses identifying a wrong 
infusion set;

Total 28 (100%)

Origin of inconsistency

prescribed infusion duration 12 (43%)

Infusion rate for a first-time administration was ordered although 
patient was getting second administration; drug was prescribed 
to be administered in 15min, information on drug by pharmacy 
indicated infusion duration of 30min;

wrong quantity of infusion 3 (11%)

the right drug amount was diluted in more solution than 
prescribed, thus the pharmacy had already corrected an 
ordererror; the pharmacy having produced 400mg of a 
chemotherapeutic drug, while only 390mg was ordered;

wrong date on prescription 2 (7%)

other order-related issues

4 (14%)
Order not yet cleared by the senior physician; pieces of 
information missing on the order that needed to be filled in; 
order was changed, but nurses did not know and used old order 
in checking the produced chemotherapy; carrier solution was 
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ordered to be sodium chloride but was corrected to dextrose by 
nurse;

wrong or missing information on the drug 
label 4 (14%)

the wrong organizational unit on an infusion bag; a missing date 
on a pack of pills; a wrong duration for taking chemotherapy 
pills in relation to the number of pills prepared;

other 3 (11%)
nurse took wrong prepared chemotherapy infusion bag from 
refrigerator; two inconsistencies could not be unambiguously 
categorized;

Total 28 (100%)

Subsequent and corrective actions*
correcting the order 18 (55%)

communicating with another person about 
the inconsistency 8 (24%) to another nurse (2), to a pharmacist (2); to a physician (4);

correcting the drug label 3 (9%) by a nurse (2); by a pharmacist (1);

calculation repeated 2 (6%) how long one set of pills were to be taken at home; the infusion 
rate of an infusion to be administered over two days;

put back wrong infusion bag in refrigerator 1 (3%)

look something up 
1 (3%)

as the organizational unit name was missing on the infusion bag, 
the nurses looked up in the system whether there were two 
persons with the same name in the same unit;

Total 33 (100%)
No subsequent action 4 (0)

*The number of actions is higher than the total of inconsistencies, as more than one action may have resulted from an inconsistency. 
Percentages relate to total number of actions here.

Page 15 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15

FUNDING STATEMENT

This work was supported by a research grant from Krebsforschung Schweiz (Cancer Research 

Switzerland, Grant No. KFS-3496-08-2014) and by an unrestricted research grant from the Hanela-

Stiftung.

ACKNOWLEDGMENTS

We thank the nurses that we observed for their support of the study as well as the facilitators of the 

study in the participating hospitals. 

COMPETING INTERESTS

None declared.

DATA SHARING STATEMENT

The datasets generated and analyzed during the current study are not publicly available due to 

protecting participant confidentiality.

.

AUTHORS’ CONTRIBUTIONS

The study was designed by DS and YP. Data analysis was undertaken by YP and CZ. Data 

interpretation was undertaken by YP and DS. The draft manuscript was written by YP. DS and CZ 

revised the manuscript for important intellectual content. All of the authors have read, revised and 

approved the final manuscript.

Page 16 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract 
->page 1

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found
->page 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

->page 3
Objectives 3 State specific objectives, including any prespecified hypotheses

->page 3

Methods
Study design 4 Present key elements of study design early in the paper

>page 4
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection
>page 4
>page 5
(a) Cohort study—Give the eligibility criteria, and the sources and methods of 
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of 
case ascertainment and control selection. Give the rationale for the choice of cases 
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of 
selection of participants

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of 
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of 
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable
>page 6

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there 
is more than one group
>page 5

Bias 9 Describe any efforts to address potential sources of bias
>page 5

Study size 10 Explain how the study size was arrived at
>page 4

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why
>page 6

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Page 17 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

2

(b) Describe any methods used to examine subgroups and interactions
>page 6
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was 
addressed
Cross-sectional study—If applicable, describe analytical methods taking account of 
sampling strategy
>not applicable
(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 
analysed
>page 5
(b) Give reasons for non-participation at each stage
>n.a.

Participants 13*

(c) Consider use of a flow diagram
>n.a.
(a) Give characteristics of study participants (eg demographic, clinical, social) and information 
on exposures and potential confounders
>assessed unit was double check, this was described on pages 4-5
(b) Indicate number of participants with missing data for each variable of interest
>n.a.

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
>n.a.
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of 
exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures
>page 7
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 
why they were included
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 
time period
 > all not applicable, results on page 6

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses
> none was done

Discussion
Key results 18 Summarise key results with reference to study objectives

>pages 7-8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias

Page 18 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

3

>pages 9-10
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence
>pages 8-9

Generalisability 21 Discuss the generalisability (external validity) of the study results
>page 10

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based
>page 15

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.

Page 19 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039291 on 17 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/

