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Abstract

Objectives: We examined the magnitude of transcription
errors in lipid variables in the VIPVIZA study and assessed
whether education among the research personnel reduced
the error frequency at follow-up. We also examined how the
errors affected the SCORE2 risk prediction algorithm for
cardiovascular disease, which includes lipid parameters, as
this could lead to an incorrect treatment decision.
Methods: The VIPVIZA study includes assessment of lipid
parameters, where results for total cholesterol, triglycerides,
HDL cholesterol, and calculated LDL cholesterol are tran-
scribed into the research database by research nurses.
Transcription errors were identified by recalculating LDL
cholesterol, and a difference>0.15 indicated a transcription
error in any of the four lipid parameters. To assess the
presence of risk category misclassification, we compared the
individual’s SCORE2 risk category based on incorrect lipid
levels to the SCORE2 categories based on the correct lipid
levels.

Results: The transcription error frequency was 0.55% in
the 2019 VIPVIZA research database and halved after
the educational intervention to 0.25% in 2023. Of the 39
individuals who had a transcription error in total or HDL
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cholesterol (with the possibility of affecting the SCORE2 risk
category based on non-HDL cholesterol), six individuals
(15 %) received an incorrect risk category due to the error.
Conclusions: Transcription errors persist despite digital-
isation improvements. It is essential to minimise transcrip-
tions in fields outside the laboratory environment, as
we observed that critical decisions also rely on accurate
information such as the SCORE2-risk algorithm, which is
dependent on lab results but not necessarily reported by
the laboratory.
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parameters; post-analytical error; SCORE2; transcription
error

Introduction

Quality in laboratory medicine has previously been defined
as “an unfinished journey”, and it is still a vital quest to
continue the journey, as laboratory information is of
increasing value for physicians for making appropriate
clinical decisions [1]. High-quality laboratory information is
also essential for patient safety, as it has been shown that
19% of laboratory errors lead to further inappropriate
investigation, and 6.4 % of laboratory errors were associated
with improper care [2].

Laboratory errors were previously synonymous with
the test’s analytical performance. However, at present,
the concept of laboratory errors has, hand in hand with
technological developments and increased awareness,
developed into a different meaning. It is now evident that the
total testing process (TTP) should be considered to enhance
the quality of laboratory information [3]. The TTP can be
divided into three phases: pre-analytical, analytical, and
post-analytical. It is estimated that the error frequency in
the pre-analytical phase ranges from 46 to 68.2 %, 7-13.3 % in
the analytical phase, and 18.5-47 % in the post-analytical
phase [4, 5]. Thus, the pre- and post-analytical phases are
more error-prone [6].

The pre-analytical phase and its errors correspond to
all steps, from preparing the patient to collecting and
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transporting the sample to and within the laboratory. This
has previously been described in detail [7]. Analytical errors
originate from within the laboratory. Over the last decades,
extensive work with quality assurance and within the lab-
oratory has already been done. Therefore, there has been an
impressive reduction in analytical errors [8]. This has been
thanks to the widespread use of internal and external con-
trols and the formation of laboratory networks such as the
Cholesterol Reference Method Laboratory Network
(CRMLN) to develop standardisation protocols to ensure the
accuracy of the analytical methods [9]. Additionally, the
implementation of laboratory accreditation has further
improved the development of the quality assurance journey
[10]. Post-analytical errors include, for example, incorrect
transcriptions, reporting and interpretation of lab results.
The literature is sparse in general for the extra-analytical
phases, but for the post-analytical phase, the literature is
exceptionally scarce since it is difficult to establish their
frequency [11]. However, the post-analytical phase is
increasingly recognised as an essential step in maximising
the quality of laboratory information [12].

The extent of errors in the post-analytical phase
varies since the reported error frequencies depend on the
method used to detect them. Even though there have been
improvements in recent years, e.g. by requirements for post-
analytical processes according to the ISO15189 standard [13],
there are not yet any widely accepted standardised methods
to detect the errors in the extra-analytical phases available,
leading to different methods for estimating error frequency
in different studies [14-17]. This further contributes to the
uncertainty of the true error frequency, especially for minor
errors [18].

Whilst transcription errors have been reduced due to
digitalisation in laboratory medicine, they have not been
eliminated, and there are no automated methods to detect
them. Additionally, many transcriptions are still performed
in other areas of clinical practice, e.g. when using different
risk prediction algorithms. SCORE2 is a risk prediction
algorithm for cardiovascular disease (CVD) prevention. It is
based on traditional CVD risk factors such as age, smoking
status, systolic blood pressure, and non-HDL cholesterol [19].
Depending on the level of risk factors, the patient will be
assigned to arisk category (low-moderate, high or very high).
In clinical practice, the physician often transcribes the lab
results and risk factors on a website to calculate the risk
category and recommend a suitable preventive intervention
to the patient.

Hence, we aimed to investigate the post-analytical error
frequency in the VIPVIZA trial, focusing on transcription
errors in lipid parameters at two different time points. We
also aimed to examine how the errors affected the SCORE2
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risk prediction algorithm for cardiovascular disease, which
includes non-HDL cholesterol, as this could lead to an
incorrect treatment decision. Additionally, we wanted to
determine whether education among the research personnel
between the time points decreased the extent of errors.

Materials and methods
Study population

To assess transcription errors, we used data from the
VIPVIZA study (VIzualiZation of asymptomatic Atheroscle-
rotic disease for optimum cardiovascular prevention - a
randomized controlled trial nested in the Vasterbotten
Intervention Program), ClinicalTrials.gov NCT01849575.
The VIPVIZA study involves transcribing laboratory results
into the research database and has previously bheen
described in detail with available study protocols [20]. In
summary, the study aims to improve cardiovascular disease
prevention, including longitudinal risk factor screening,
such as measuring plasma lipid levels assessed as total
cholesterol (TC), HDL cholesterol (HDL-C), LDL cholesterol
(LDL-C), and triglycerides (TG) at several time points.

The lipid parameters were analysed using standard clin-
ical practice methods at the Department of Laboratory Medi-
cine, Clinical Chemistry, University Hospital Umed, accredited
to ISO 15189:2012 and Swedac accreditation no. 1397. TC, HDL-C
and TG were analysed with enzymatic colourimetric methods.
LDL-C was calculated according to the Friedewald formula [21].
The research nurses then transcribed the results into the
VIPVIZA database. This was studied within the VIPVIZA study
at the 3rd and 6th year follow-up.

The study was approved by the Swedish Ethical Re-
view Authority, DNR 2011-445-31 M (2019-04691). The study
adhered to the ethical guidelines of the Declaration of -
Helsinki, which included obtaining informed written
consent from the participants before inclusion.

Identification of transcription errors and
affected covariates

To identify the transcription errors, LDL-C levels were recal-
culated according to the same Friedewalds formula as the
laboratory (LDL-C=TC — HDL-C - (0.45 x TG), and the difference
between our newly calculated LDL-C and the reported LDL-C
in the research database was evaluated. A difference>0.15
was used as a cut-off value and indicated the presence of a
transcription error in any of the four lipid parameters.
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The cut-off value of 0.15 was chosen as differences <0.15
were caused by the number of decimals used, as the labo-
ratory system uses two decimals for calculations, but reports
test results for these analytes with one decimal. Conse-
quently, differences between 0 and 0.15 corresponded to
differences caused by rounded numbers. To establish that no
transcription errors were missed with this cut-off level, all
LDL-C differences between 0.12 and 0.15 were also assessed,
and the cut-off value of 0.12 identified no further presence of
errors.

To identify which of the four lipid parameters were
erroneously transcribed, all lipid parameters for the indi-
vidual with an identified cut-off value>0.15 were validated
in the laboratory database, and the transcription errors
were corrected. This made it possible to find transcription
errors in all four lipid parameters (TC, HDL-C, LDL-C, and
TG), including minor errors that are otherwise impossible
to identify by using methods based on searching for
improbable results.

To assess how the transcription errors in lipid parame-
ters affected the individual’s SCORE2 risk category, the num-
ber of individuals assigned the wrong risk category, i.e. risk
category misclassification, was identified. Category misclas-
sification was determined by evaluating individuals with a
transcription error in total or HDL cholesterol, as non-HDL
cholesterol (=total — HDL cholesterol) is included in SCORE2.
The individuals with identified transcription errors were first
risk assessed according to the SCORE2 algorithm using the
incorrect lipid parameters (present in the research database
from the start), and later risk assessed with the correct lipid
variables. Thereafter, the two risk categories for the same
individual were compared, establishing how many of the in-
dividuals would have been misclassified if the transcription
errors in lipid parameters had not been discovered.

Intervention among the research personnel

The lipid variables were corrected for the first time after
completing the VIPVIZA baseline survey in 2016 as part of the
quality assurance of the variables in the research database.
The quality work was continued after the third-year fol-
low-up of the VIPVIZA study (2019) and after the 6th year
follow-up (2023). The results from the quality assurance in
2019 were also announced to the VIPVIZA personnel during
multiple conferences as part of the quality work, i.e., an
educational intervention was conducted. The assessment of
the quality of the lipid variables in the database was then
repeated in 2023 at the sixth-year follow-up in VIPVIZA.
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Results

The number of transcription errors identified in VIPVIZA
2019 and VIPVIZA 2023 study can be seen in Table 1. As four
lipid parameters were assessed (TC, LDL-C, HDL-C, and TG)
for every individual, there were 12,460 transcriptions in
VIPVIZA 2019 and 10,576 in VIPVIZA 2023. Some individuals
had more than one error in the lipid parameters. Conse-
quently, in VIPVIZA 2019, there were 69 transcription
errors, affecting 56 individuals. This error frequency
corresponds to 1.80%, and when converted into parts
per million (ppm) to 18,000. In 2023, the corresponding
number of transcription errors was 26, and the number
of individuals with errors was 25, corresponding to 0.95 %
(9,500 ppm). The frequency of errors approximately halved
from 0.55% (5,500 ppm) in 2019 to 0.25% (2,500 ppm) in
2023.

The number of individuals that were misclassified
according to the SCORE2 risk prediction algorithm are
visualised in Figure 1 for VIPVIZA 2019. As non-HDL
cholesterol is the sole lipid parameter included in
SCORE2, individuals with transcription errors in total
and/or HDL cholesterol were the only ones affected,
corresponding to 39 individuals. In total, we identified six
individuals that would have been risk misclassified,
ie. 15% of the transcription errors resulted in risk
misclassification. Of these six individuals, three were
assigned a lower risk category after correction, and three
were assigned a higher risk category. The distribution of
individuals in different risk categories can be further
seen in Figure 1. In the 2023 VIPVIZA survey, none of the
individuals had a transcription error in total or HDL
cholesterol. Consequently, no risk misclassifications were
identified at this time point.

Table 1: The extent of transcription errors in lipid parameters in the
VIPVIZA study at two different time points, with an educational inter-
vention in between.

VIPVIZA 2019 VIPVIZA 2023

Total individuals, n 3,115 2,644
Individuals with an error in any of the lipid 56 25
parameters, n

Frequency of individuals with transcription 1.80 (18,000)  0.95 (9,500)
errors, %, ppm*
Total transcriptions, n 12,460 10,576

Total transcription errors, n 69 26
Frequency of transcription errors, % (ppm)®  0.55 (5,500) 0.25 (2,500)

?Parts per million.



1558 —— Mickelsson et al.: The frequency of transcription errors - an intervention within VIPVIZA

Risk category based on
incorrect lipid values

6 individuals
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Risk category based on
correct lipid values

Very high-risk
individuals

n=8

12 individuals

Very high-risk
individuals
n=7

15 individuals )

Figure 1: The extent of transcription errors leading to risk reclassification based on the SCORE2 category in VIPVIZA 2019.

Discussion

We found that the frequency of transcription errors was
0.55 % (5,500 when converted to ppm) in the 2019 VIPVIZA
research database, with 1.80 % (18,000 ppm) of individuals
having one or more errors. The extent of these errors halved
after the educational intervention, resulting in a transcrip-
tion error frequency of 0.25% (2,500 ppm) and 0.95%
(9,500 ppm) of individuals in 2023. Thus, it was observed that
this type of intervention was effective in a controlled envi-
ronment, such as among research personnel. We also
discovered that the transcription errors led to SCORE2 risk
misclassification in 15% of cases, potentially resulting in
patients receiving an incorrect risk assessment or physicians
making incorrect treatment decisions.

This study is an example of a simple, applicable method
for data quality assurance in research databases, which is an
essential aspect of publishing high-quality research with
generalisability. To our knowledge, this error identification
method of lipid parameters has not been previously pub-
lished. A strength is that the method is easily reproduced
and identifies post-analytical errors of a smaller magni-
tude. Errors of smaller magnitude have been a challenge to
identify in the research field, but also a well-known prob-
lem in the extra-analytical phase within the laboratory
community, concluding that the actual error frequency is
under-detected [4, 18, 22]. For instance, a previous study
found that the true incidence of errors was at least four
times the actual events detected [18].

The true error frequency is highly dependent on the
method for error detection, and currently, no uniform

method for managing errors exists for the post-analytical
phase. For example, the error frequency previously reported
was based on the clinicians being asked to pay extra atten-
tion to suspected laboratory errors and discuss them with a
laboratory physician daily [2, 15]. Other described methods
are that the laboratory personnel double-check the results
[16] or identify an edit in the computerised system [17].
Additionally, many previous studies reporting post-
analytical error frequencies are old since laboratories
report digitalised results and are currently not dependent on
transcription. This makes it a challenge to find studies with
updated frequencies of the true error frequency that rep-
resents the current situation, where most transcription
occur outside the laboratory environment, e.g. in point-of-
care-systems, The reported error frequency in the post-
analytical phase has been estimated to be 18.5-47 % and thus
varies greatly depending on the method [4]. Of the studies
that have explicitly reported transcription errors, the error
frequency is estimated to be 11.7 % in one study [16] and 1.1 %
in a study from a transfusion laboratory [17]. However,
many studies on post-analytical errors have not assessed
transcription errors explicitly and, therefore, not reported
the extent. Similar studies in fields other than the laboratory
community have, however, assessed transcription errors,
such as when administering pharmaceuticals. The reported
transcription error frequency in a study assessing medical
errors in cancer patients was estimated to be 11.54 % [23] and
2.21-8.11% in an intensive care unit with transcriptions of
blood glucose levels [24]. Thus, the errors are considerably
more common in clinical practice compared to our study,
estimated to be 0.25-0.55 %.
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In our case, the extent of errors was assessed as part of a
pragmatic trial, and it is not unreasonable to hypothesise
that the error frequency is higher in clinical practice because
of the high number of staff involved, the need to cut
expenses, and work under stress, compared to the research
environment. However, our reported error frequency is
quite similar in magnitude to the one reported in a trans-
fusion laboratory, which also reported a reduction of errors
after educational intervention among the personnel,
consistent with our results [17]. This may indicate that the
laboratory community’s extensive quality journey has
increased the awareness of potential sources of errors and,
therefore, reduced their error frequencies compared to other
medical fields. Still, many transcriptions are conducted in
clinical practice daily, such as entering laboratory results into
risk motors or results from point-of-care systems.

Despite our relatively small error frequency, we still
estimated that 15 % of the individuals with an error in total
and/or HDL cholesterol would have been risk misclassified
according to SCORE2. If the same magnitude of transcription
errors are assumed to be present in clinical practice, this
would lead to several patients receiving incorrect pharma-
cological treatment and risk assessments. Moreover, tran-
scribing all laboratory variables and other risk factors into a
risk motor is common, further yielding a potential for more
transcription errors than indicated by this study. In addition,
we also noticed that in the VIPVIZA 2019, there were eight
transcription errors in LDL-C, and three of these participants
would have missed out on receiving lipid-lowering therapy
according to CVD prevention guidelines because the tran-
scription error presented a falsely low LDL-C value. Thus, the
post-analytical quality of laboratory results is an essential
aspect of patient safety.

Regarding the SCORE2 risk misclassification, there are
some crucial aspects to consider associated with the known
limitations of the risk algorithm [25]. Because the risk algo-
rithm assesses the absolute risk for a cardiovascular event in
the next 10 years, younger individuals with a high burden of
risk factors will still be assessed as low risk, as long as the
risk factor burden is not extreme, i.e. an underestimation of
the actual CVD risk is common in young individuals. In this
study, this means that participants could have a significant
transcription error in lipid variables (>1 mmol/L). However,
despite this, the participant is still not classified into a higher
or lower risk category if the other risk factors are normal,
and the individual is young. Nevertheless, the transcription
error could have been clinically relevant in other aspects.

There are some limitations to this study. For example,
there is still a possibility that our method for error identifi-
cation does not identify particularly small errors < 0.1 mmol/L;
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consequently, there is a chance that the true error frequency
is, in fact, higher than reported in this study. However, these
minor errors correspond to a magnitude similar to the
analytical uncertainty and would not affect the clinical
assessment. There is also the possibility that minor errors are
present in other variables in our research database, as these
(e.g. blood pressure) are also transcribed by the research
nurses, but we had no standardised method to detect them.
Consequently, we did not account for the fact that other risk
factors included in the SCORE2 algorithm (blood pressure or
smoking status) probably have transcription errors, leading to
an underestimation of the risk misclassification frequency
reported in this study. Additionally, as this study only assessed
the error frequency within the research database, it was not
possible to assess whether the errors led to actual clinical
events, i.e. if the participants received incorrect treatment or
not, as previously presented in other studies investigating the
consequences of laboratory errors [1].

Nevertheless, this study sheds light on the importance of
evaluating the quality of laboratory information in research
databases and adds further updated information regarding
the true frequency of transcription errors. Additionally, we
illustrate the potentially harmful effects of entering incor-
rect lipid values into a risk motor such as SCORE2. The
reported error frequency might be modest, but we still
highlight the detrimental effects of transcription errors that
might lead to incorrect risk assessments and treatment
decisions in individual cases, especially as we hypothesise
that the error frequency is higher in clinical practice. We
therefore emphasise the further need for digitalisation to
assure patient safety.

Acknowledgments: We want to acknowledge Wolfgang
Lohr for his valuable contributions as a database manager
and the research nurses of the VIPVIZA study, which made
this project feasible. We want to express our special thanks
to the VIPVIZA participants for taking the time to participate.
Research ethics: The study was approved by the Swedish
Ethical Review Authority, DNR 2011-445-31 M (2019-04691).
The study adhered to the ethical guidelines of the Declara-
tion of Helsinki.

Informed consent: Informed consent was obtained from all
individuals included in this study.

Author contributions: M.M. and J.H. contributed to the
conceptualisation of the work. U.N. contributed through the
acquisition of data from VIPVIZA. M.M., U.N. and J.H. vali-
dated the data in the research database. M.M. and J.H. were
the main contributors to drafting the manuscript. M.M., K.E,,
KS., AS., UN, and ]J.H. contributed to the study design,



1560 —— Mickelsson et al.: The frequency of transcription errors - an intervention within VIPVIZA

critically reviewed the manuscript, interpreted the data, and
provided important intellectual content. All authors have
accepted responsibility for the entire content of this manu-
script and approved its submission.

Use of Large Language Models, AI and Machine Learning
Tools: None Declared.

Conflict of interest: The authors state no conflict of interest
Research funding: VIPVIZA was supported by Region Vést-
erbotten (Central ALF, Dnr ALFVLL-298001 and
ALFVLL-643391), the Swedish Research Council (Dnr 521-
2013-2,708, 2016-01891), the Heart and Lung Foundation (Dnr
20150369, 20170481, Visare Norr (the four Northern Regions)
(Dnr 981146), Strokeforskning Norrland, SKANDIA Risk &
Health, the Swedish Society of Medicine, the Heart Founda-
tion in Northern Sweden, STROKE - the national association,
The Swedish Insurance Society, the Vasterbotten Heart and
Lung Association and an unconditional donation from Carl
Bennett Ltd., Sweden. Support for this study was also pro-
vided by agreement regarding the research and education of
doctors at Umed University. The study’s funders had no role
in the study design, data collection, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final responsibility
for the decision to submit for publication.

Data availability: The data that support the findings of
this study are available on reasonable request from
the corresponding author, [M.M.]. The data are not pub-
licly available due to ethical restrictions.

References

1. Plebani M. Quality in laboratory medicine and the journal: walking
together. Clin Chem Lab Med 2023;61:713-20.

2. Plebani M, Carraro P. Mistakes in a stat laboratory: types and
frequency. Clin Chem 1997;43:1348-51.

3. Plebani M. Quality in laboratory medicine: 50years on. Clin Biochem
2017;50:101-4.

4. Kalra ). Medical errors: impact on clinical laboratories and other critical
areas. Clin Biochem 2004;37:1052-62.

5. De La Salle B. Pre- and postanalytical errors in haematology. Int ] Lab
Hematol 2019;41:170-6.

6. Plebani M. The detection and prevention of errors in laboratory
medicine. Ann Clin Biochem 2010;47:101-10.

7. Lippi G, Banfi G, Church S, Cornes M, De Carli G, Grankvist K, et al.
Preanalytical quality improvement. In pursuit of harmony, on behalf of
European federation for clinical Chemistry and laboratory medicine
(EFLM) working group for preanalytical phase (WG-PRE). Clin Chem Lab
Med 2015;53:357-70.

8. Plebani M. The CCLM contribution to improvements in quality and
patient safety. Clin Chem Lab Med 2013;51:39-46.

9. Myers GL, Kimberly MM, Waymack PP, Smith S), Cooper GR,
Sampson EJ. A reference method laboratory network for cholesterol: a

10.

1.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

DE GRUYTER

model for standardization and improvement of clinical laboratory
measurements. Clin Chem 2000;46:1762-72.

Simundic AM, Bilic-Zulle L, Nikolac N, Supak-Smolcic V, Honovic L,
Avram S, et al. The quality of the extra-analytical phase of laboratory
practice in some developing European countries and Mexico - a
multicentric study. Clin Chem Lab Med 2011;49:215-28.

Nevalainen D, Berte L, Kraft C, Leigh E, Picaso L, Morgan T. Evaluating
laboratory performance on quality indicators with the six sigma scale.
Arch Pathol Lab Med 2000;124:516-9.

. Plebani M. Harmonizing the post-analytical phase: focus on the

laboratory report. Clin Chem Lab Med 2024;62:1053-62.

L6pez Yeste ML, Pons Mas AR, Guifién Mufioz L, Izquierdo Alvarez S,
Garcia FM, Blanco Font A, et al. Management of post-analytical
processes in the clinical laboratory according to ISO 15189:2012.
Considerations about the management of clinical samples, ensuring
quality of post-analytical processes, and laboratory information
management. Adv Lab Med 2021;2:373-89.

Sciacovelli L, Panteghini M, Lippi G, Sumarac Z, Cadamuro J,

Galoro CAO, et al. Defining a roadmap for harmonizing quality
indicators in laboratory medicine: a consensus statement on behalf of
the IFCC working group “laboratory error and patient safety” and EFLM
task and finish group “performance specifications for the extra-
analytical phases”. Clin Chem Lab Med 2017;55:1478-88.

Carraro P, Plebani M. Errors in a stat laboratory: types and frequencies
10 years later. Clin Chem 2007;53:1338-42.

Goswami B, Singh B, Chawla R, Mallika V. Evaluation of errors in a
clinical laboratory: a one-year experience. Clin Chem Lab Med 2010;48:
63-6.

Moiz B, Siddiqui AK, Sana N, Sadiqg MW, Karim F, Ali N. Documentation
errors in transfusion chain: challenges and interventions. Transfus
Apher Sci 2020;59:102812.

Ibojie ], Urbaniak S). Comparing near misses with actual mistransfusion
events: a more accurate reflection of transfusion errors. Br | Haematol
2000;108:458-60.

Hageman S, Pennells L, Ojeda F, Kaptoge S, Kuulasmaa K, de Vries T,
et al. SCORE2 risk prediction algorithms: new models to estimate 10-
year risk of cardiovascular disease in Europe. Eur Heart | 2021;42:
2439-54.

Néslund U, Ng N, Lundgren A, Fharm E, Grénlund C, Johansson H, et al.
Visualization of asymptomatic atherosclerotic disease for optimum
cardiovascular prevention (VIPVIZA): a pragmatic, open-label,
randomised controlled trial. Lancet 2019;393:133-42.

Friedewald WT, Levy R, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;18:
499-502.

Plebani M. Errors in clinical laboratories or errors in laboratory
medicine? Clin Chem Lab Med 2006;44:750-9.

Dorothy A, Yadesa TM, Atukunda E. Prevalence of medication errors
and the associated factors: a prospective observational study among
cancer patients at mbarara regional referral hospital. Cancer Manag
Res 2021;13:3739-48.

Sowan AK, Vera A, Malshe A, Reed C. Transcription errors of blood
glucose values and insulin errors in an intensive care unit: secondary
data analysis toward electronic medical record-glucometer
interoperability. JMIR Med Inform 2019;7:e11873.

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M,
et al. 2021 ESC Guidelines on cardiovascular disease prevention in
clinical practice. Eur Heart | 2021;42:3227-337.



	Exploring the extent of post-analytical errors, with a focus on transcription errors – an intervention within the VIPVIZA study
	Introduction
	Materials and methods
	Study population
	Identification of transcription errors and affected covariates
	Intervention among the research personnel

	Results
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


