In this light, the authors’ definition of ME becomes one of
either ME or medical error, which may have contributed to
the broad and in some instances counterintuitive examples
of ME given in this study. For instance, failure to document
intubation or not checking blood pressure before induction,
although clearly errors in and of themselves, would not be
considered by most physicians as MEs. Likewise, the conclu-
sion that the increased incidence of MEs in this study com-
pared to historical observations is due to “provider reluctance
to self-report errors or failure of providers to recognize errors”
is not adequately substantiated based upon this changed, and
in our opinion flawed, definition. Furthermore, there is no
indication that clinical context was considered in these defi-
nitions. For instance, a responsible anesthesiologist not only
considers current state patient conditions, but also anticipates
future stimuli. What an observer may deem a delay in therapy
(i.e., “7-min delay in administration of ephedrine,” table 5)
may in fact be an intentional medical decision based upon
current and anticipated future patient condition. Considering
the broad definition of MEs and the failure to consider clini-
cal context when recording MEs, the authors report a higher
incidence than what would otherwise have been noted with
standardized definitions that we are not convinced are appro-
priate. We should be cautious to accept the reported results as
actionable within this framework.

In addition to the definitions applied, we are also concerned
about the methods used to detect MEs/ADEs. Medical simu-
lation, heralded as an innovative solution promoting patient
safety, teaches that observation of an error alone is insufficient
to spawn effective solutions and behavioral change. Watching
an error occur without asking “why?” and then proposing a
solution is analogous to debriefing without allowing partici-
pants to speak. Unfortunately, the study at hand seems to have
used this methodology to conclude that “point-of-care bar
code-assisted anesthesia documentation systems” can “elimi-
nate” up to 17 and 25% of MEs and ADEs, respectively. We
believe this conclusion to be expansive as the authors over-
looked the impact of frames on decision-making. Such over-
simplifications are attractive but potentially costly. In a Joint
Commission publication, Chassin and Loeb? cited the failure
“to resist the temptation to simplify” as a frequent impedi-
ment to safety efforts in health care.

Well-designed solutions are targeted, people-centric solu-
tions that embrace the complexity of our healthcare system
and behavioral psychology. The authors’ suggested processes
should be created to reduce opportunities for workarounds,
not reinforce old habits. As an example, the authors state
that, “In most instances where the labeling system was not
used, manual sticker labels were available, and the provider
used those instead.” The fact that people chose not to use
the new sticker system should attest to the flaw in adopting
that technology as the solution. Technology and processes
should be so well designed that no workaround is needed.
With the expanding cost of providing quality health care
in America, we should be cautious when recommending
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technology-based interventions. Process-based interventions
like “heavy user training,” as the authors’ suggested, is an
expensive cure when the technology in question does not
work intuitively.

Inan article on Design Thinking in Harvard Business Review,
Brown* stated, “Innovation is powered by a thorough under-
standing, through direct observation, of what people want and
need in their lives and what they like or dislike . . .” With ever-
shrinking resources, solutions should be tailored, nuanced, and
people-centric, taking a “holistic design approach” that begins
by engaging frondine clinicians in dialog. An observational
study like this is important in furthering our understanding
of MEs/ADEs; however, the accurate categorization, reporting,
and deep exploration of each observed error is critical as we
develop sustainable change together.
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In Reply:

We appreciate the opportunity to respond to the questions
raised by Bowdle ez 4/., Ibinson et al., and Chan ez al. about
our manuscript regarding perioperative medication errors
(MEs) and adverse drug events (ADEs)." Our goal was to
assess the rates of perioperative MEs and ADEs as percent-
ages of medication administrations, to evaluate their root
causes, and to suggest targeted solutions that may have
potential to prevent them. We used an observational meth-
odology, combined with a retrospective chart review and
subspecialist consultation by an independent adjudication
committee, to provide additional clinical context for con-
firming and classifying the MEs and ADEs. We found that
5.3% of medication administrations resulted in an ME and/
or an ADE, and we classified each of these by whether they
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involved an ME with ADE (preventable ADE), ME with
potential ADE (near miss), ME with little potential for
harm, or ADE without ME (nonpreventable ADE).

Direct observation appears to be the most accurate method
of detecting MEs.>? Thus, it is not surprising that these ME
and ADE rates are higher than those described in previous
studies using self-report as the primary detection strategy in
anesthesia.*® Notably, the rates reported by us are consistent,
and in many cases, they are on the low end, or lower than,
those reported using direct observation and similar ME defi-
nitions in the perioperative setting (ME rates, 9 to 11%)° and
those reported using our validated and widely used defini-
tion of ME with either chart review or direct observational
methods in other settings, such as the medical emergency/
code setting (ME rates, 4.4 to 50%),'%!" critical care setting
(ME rates, 9 to 20%),'>!? inpatient setting (ME rates, 5 to
19%),'417 outpatient setting (ME rates, 7 to 12%),'32° and
simulation setting (ME rates, 0.5 to 26.5%).%!

While many perioperative ADEs, such as significant
hypotension, are corrected during the perioperative period,
there is evidence that they can have lasting effects postop-
eratively.”? A key step to improving the already outstanding
safety record of anesthesia is to prevent ADEs and potential
ADE:s (near misses) from occurring in the first place and,
when they do occur, ensure that we recognize and correct
them.

Many of the authors’ comments center on questions
about the methodology we used to identify MEs and ADEs.
As described in our manuscript, we iteratively revised an ME
detection framework that has been validated in the critical
care setting” to make it more relevant to the perioperative
setting, using a combination of literature review, expert and
subspecialist consultation. We deliberately widened the
acceptable range of practice so as not to overcall errors. For
example, we widened published, validated, and accepted
dosing ranges for medications by 50 to 100% before flagging
an event as a possible medication dosing error. Our observers
were trained and practicing anesthesiologists and one nurse
anesthetist who all received extensive additional training on
observational methodology and MEs, including a detailed
ME detection handbook, multiple didactic sessions, and
case studies of MEs. They each conducted observations
with an experienced observer for at least 10 operations to
ensure that they were capturing consistent information. The
observers task was to flag possible MEs and/or ADEs based
on our error detection framework. These possible MEs and/
or ADEs were each reviewed by at least two independent
members of our adjudication committee, which consisted of
clinical and ME experts. The adjudication committee’s task
was to exclude events that were not actual MEs or ADEs
and to categorize the events by type, preventability, potential
for harm, and severity of harm. To gain the necessary clini-
cal context, they reviewed the observer notes, clarified events
directly with the observers, reviewed the patient chart, and
consulted with experts where necessary. If a possible error or
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ADE passed this stage, it was included in our study. Interra-
ter reliability between our adjudication committee members
was excellent (K = 0.97 for event classification, K = 0.98 for
preventability, and x = 0.85 for severity).

Bowdle ez al. also raised questions about our definition of
ME. While there are multiple interpretations of what consti-
tutes an ME in anesthesia, in our manuscript we use a defini-
tion of ME that is often used in medication safety research:
“failure to complete a required action in the medication
administration process, or the use of an incorrect plan or
action to achieve a patient care aim.”!*?> The administration
of medication is a small part of the overall medication admin-
istration process, which includes requesting, dispensing, pre-
paring, administering, documenting, and (where applicable)
monitoring during medication administration, as described
in our manuscript.! Examples of when monitoring would
be required during medication administration in our study
include blood pressure monitoring before an induction dose
of propofol and glucose monitoring after insulin is given.
Thus, our study was not one of medication administration
errors only, but of all MEs that occur along the medication
administration process. The National Coordinating Council
on ME Reporting and Prevention similarly defines MEs as
occurring anywhere in the medication process,”* and error
studies in all other settings, including critical care,'*'3?
cardiopulmonary arrest and code situations,'®!! inpatient
14162526 and outpatient clinics'®?° have included
ME:s along the entire medication process, including errors

wards,

of omission.

The authors specifically questioned whether mean arterial
pressure (MAP) less than 55 mmHg that goes untreated for
a prolonged interval is actually an ME, or simply a man-
agement decision. While our profession does not have clear
definitions for intraoperative hypotension, some evidence
shows that MAP less than 55 mmHg even for short dura-
tions (1 to 5min) intraoperatively is associated with acute
kidney injury (1.18 adjusted odds ratio) and myocardial
injury (1.3 adjusted odds ratio) after noncardiac surgery, and
this risk escalates rapidly with longer durations of MAP less
than 55 mmHg.?> While further research should be done
to look at treatment guidelines for hypotension, for this
study we lengthened the time period to more than 6 min
of untreated MAP less than 55 mmHg for the event to be
flagged by our observers as a possible ME (delay in treatment)
for further review by the independent adjudication com-
mittee. Through review of observer findings, patient chart
review, and expert subspecialist consultation as described
above, the adjudication committee ruled out cases where
persistent MAP less than 55 mmHg was part of intended,
appropriate management. The authors also asked why leav-
ing unattended syringes of narcotic was considered an ME;
there were only two incidents of this in the study. While
it can be debated whether or not to count such issues, per
our study definition, they were included as MEs related to
medication preparation and classified in our lowest category
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of severity (“significant”) because they can lead to a variety of
unintended consequences including drug diversion, which is
associated with increased patient risk for blood-born viruses
and undertreated pain.?’-°

‘The authors also questioned how we determined whether
a specific event represented an ADE. We used a standard
definition for ADEs that is widely used in the medication
safety literature. 1271418232531 Eor individual events, the reli-
ability of assessment for the presence of an ADE was excel-
lent (x = 0.97). The authors also specifically asked about
thresholds for treating pain. While there is not a consistent
guideline for this in anesthesia, we obtained consensus from
acute pain medicine subspecialists regarding tolerable pain
thresholds and also looked to the pain literature, which con-
sistently shows that 3 to 4/10 pain is a significant treatment
threshold.?>4 We used a threshold of sustained pain greater
than 4/10 (or greater than or equal to 5/10) to be flagged by
the observers for later review by the adjudication committee
(along with observer notes, chart review, and subspecialist
consultation as described above) to determine whether or
not the incidents were ADEs and whether they were associ-
ated with a failure to treat ME or consistent with standard
practice and patient management goals (ADE without ME).

The authors compared our results to those of published
ME studies that use facilitated incident reporting to iden-
tify MEs.*® We do not believe that these are valid compari-
sons for several reasons. First, evidence shows that incident
reporting vastly underrepresents true error rates.>> Flynn
et al’ performed a study comparing ME detection rates
on hospital wards using three different methods: incident
reporting, retrospective chart review, and direct observa-
tion. Their ME definition was the same for all three meth-
ods. Of 2,557 medication doses administered, they found
456 ME:s (17.8% ME rate) by direct observation, 34 (1.3%
ME rate) by chart review, and only one (0.04% ME rate) by
self-reporting via an incident reporting system.? Second, the
studies referenced by Bowdle ¢t a/. looked at a subcategory of
ME:s that occurred during medication administration, while
our study looked at MEs that occurred during the entire
medication use process. The most validated, established, and
widely used definition of ME across specialties involves the
entire process, as described above. Third, most of the litera-
ture that the authors reference reports MEs per anesthetic
(not per medication administration), which is a different
denominator. The most validated method for measuring
error rates is the number of errors per medication admin-
istered.>*19203135 Measuring MEs per anesthetic represents
another approach, but it can be diflicult to interpret as dif-
ferent anesthetics involve different numbers of medications
administered. Also, it does not provide information on med-
ication administrations that are without error if they occur
during an operation that contained an error.

Our results can more accurately be compared with obser-
vational studies such as those of Merry et al.,’ who con-
ducted a study in five operating rooms in a tertiary academic
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center in New Zealand and found a perioperative ME rate
of 11.6% in a study group that used conventional nonelec-
tronic methods for anesthetic record keeping and 9.1% in a
study group that used a multimodal record-keeping system
that was designed in-house. Merry er al. used a definition
of ME that included errors related to administration, doc-
umentation, and omission or “failure to give an intended
medication,” and they reported MEs per medication admin-
istered. When Bowdle ez al. referred to Merry’s study as hav-
ing a lower ME rate than ours, it was because they subtracted
ME:s from Merry’s study results that were not direct medi-
cation administration errors. However, like us, Merry ez al.
counted errors along the medication administration process,
such as documentation errors, as their primary outcome, and
their reported ME rate was higher than ours.

In their letter, Bowdle ez 4l. also subtract MEs from our
results to arrive at a new ME rate that only includes direct
administration errors and uses the number of anesthetics (or
patients) as a denominator instead of the number of medica-
tions administered. As described above, we disagree with this
definition of ME and with reporting the rate per operation.
Their calculation assumption of no more than one ME per
patient in our study is not accurate. In fact, of 277 observed
operations on 275 patients, 154 (55.6%) did not contain
an ME or an ADE, 82 (29.6%) contained 1 ME and/or
ADE, 23 (8.3%) contained 2, 13 (4.7%) contained 3, and 5
(1.8%) contained 4 or more.

The authors also commented on the use of a bar code—
assisted syringe labeling system and electronic anesthesia
information management system at our institution, both of
which were available during our study observation period
and described in detail in our manuscript. While measur-
ing the effect of these systems on ME rates was outside of
the scope of our study, we agree with the authors’ statement
identifying the potential for these systems to lower ME rates
and describe this in the manuscript discussion. We also agree
with the authors, and our study results support that simply
having these systems in place does not ensure that they are
properly used.

Ibinson er al. posed questions about whether patient
harm was associated with the errors that we observed. Errors
often do not result in ADEs. As outlined in the results of our
manuscript, 40 (21%) of our events involved patient harm/
ADEs without an ME, and the remaining 153 events were
MEs that were associated with an observed (N = 51, 33.3%)
or potential (N =70, 45.8%) ADE or had little potential for
harm (N = 32, 20.9%). The most important areas of consid-
eration for solutions to improve patient medication safety
are not only preventable, observed ADEs but also potential
ADEs. For example, if required perioperative antibiotic
doses are missed in a group of patients, we do not focus
only on those who develop an infection (ADE) and con-
clude that it is acceptable to skip antibiotic doses in patients
who do not develop an infection (potential ADE). Whether
a potential ADE turns into an ADE is often based on luck
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and uncontrollable factors, and it is important to consider
both actual and potential ADEs for improving patient safety.
In fact, it is a necessary and standard practice to report
potential ADEs along with ADEs in the medication safety
literature.!>17192531 Thus, we classified all observed and
potential ADEs on a previously validated and widely used
severity scale of harm, ranging from significant to serious to
life-threatening.!2-1419-20.2531 \While we used the terms sig-
nificant, serious, and life-threatening to remain consistent
with established standard severity reporting methods in the
medication safety literature, the words are most meaning-
ful when linked to the definitions and examples provided
in the manuscript, which describe these three levels as cor-
responding to “little threat to the patient’s function,” “some
threat to the patient’s function that is not life-threatening,”
and “life threatening,” respectively. The severity assignments
were made by our adjudication committee, whose members
have extensive experience using this classification system in
ME studies, and their interrater reliability for these assign-
ments was high (k= 0.85).

While adverse events in medicine are often multifactorial
and can be due to a combination of errors that align to produce
patient harm, many ME studies report ADEs associated with
MEs without classifying by attributability.!*!71925 We used
the Naranjo algorithm® to assess the likelihood that observed
ADEs associated with MEs were attributable to those MEs,
and found that only 1 (2.0%) ADE was doubtfully due to
the error. Ibinson ez 4/. requested a table to show ADE counts
by attributability. Their outlined table does not include errors
with potential for harm (near misses), so we have added data
on these important errors to the table (table 1).

Similar to Bowdle et al., Yieshan et al. raise questions
about our definition of ME. While the definition of ME
has been broadened in different studies to include all medi-
% our study definition specifies that these MEs
must occur during the medication use process, which, as
described above, is consistent with the established literature
on MEs. One of the ME examples the authors questioned
was failure to check blood pressure before a patient receives
an induction dose of propofol, which is a monitoring error
in the proprofol administration process, as described above.
Monitoring-related MEs have been included as MEs in

cal errors,?

medication safety research across specialties throughout the
literature, 13:14:18.19.23

The authors also questioned why our ME rates are higher
than those in the existing self-reports in the perioperative lit-
erature, which we have addressed in detail above. They spe-
cifically asked about whether we considered clinical context.
Our adjudication committee reviewed all observer data and
patient charts and consulted subspecialists in order to pro-
vide the clinical context required to exclude incidents that
were flagged by observers but may not have been errors, not
had potential for patient harm, or were consistent with stan-
dard patient management or specific patient care goals, on a
case-by-case basis.

Finally, the authors questioned whether our results are suf-
ficient to endorse specific ME solutions. We do not endorse
any specific solutions because we agree with the authors, and
our report explicitly states that future analysis is necessary to
evaluate process- and technology-based solutions that may
address the root causes of the MEs to reduce their incidence.
As described in our manuscript, we did not directly test any
solutions. We suggest, based on our judgment and consider-
ing error type and root cause, the numbers of MEs in our
sample that have the potential to be eliminated by various
solutions, in order to identify solutions that may deserve
further consideration and testing. After such solutions are
designed, similar studies should be repeated to determine
whether or not they reduce the incidence of MEs.

It is important and not uncommon to raise questions
when presented with new research on MEs,””3 especially
when the research receives attention in the mainstream
media. For example, while their scope was much larger than
ours, many questions were raised about error definitions and
classifications after the Institute of Medicine’s report 70 Err Is
Human was published.’~4044 We welcome the opportunity
to further discuss our findings and the critical importance of
using ME, ADE, and severity definitions, as well as research
methodologies, that are validated, objective, and consistent
with existing cross-specialty ME research. This will allow
existing and future results and solutions to be compared, lev-
eraged, and shared, and their impact on reducing ME rates
to be accurately measured. Future research should focus on
conducting similar studies at other academic centers with
consistent definitions to see if these results are representative,

Table 1. Event Severity by Error Classification
Preventable ADEs (Observed) MEs with  Total Medication
ADEs without ME Little Errors
(Nonpreventable Probable Possible Doubtful ~ Potential  Potential  (Excludes ADEs
Severity ADE) Attribution  Attribution  Attribution  ADEs for Harm without ME)
Life-threatening 0 0 0 0 3 0 3
Serious 34 27 16 0 56 0 99
Significant 6 1 6 1 11 32 51
Total 40 28 22 1 70 32 153
ADE = adverse drug event; ME = medication error.
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and at other sites such as ambulatory surgical centers and
community hospitals, and most importantly before and after
the introduction of solutions to determine whether or not
they reduce the incidence of MEs.
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Platelet Counts, Acute Kidney Injury,
and Mortality after Coronary Artery
Bypass Grafting Surgery

1o the Editor:

We read with great interest the article by Dr. Kertai et al.,!
in which the authors identified a novel association between
postoperative nadir platelet counts and acute kidney injury
(AKI) and short-term mortality after coronary artery bypass
grafting surgery. Despite the elaborate statistical analysis and
the innovative perspectives, we are profoundly concerned
with the study design and the interpretation of statistical
results, which we expect the authors to comment on and
address.

First, we consider perioperative blood loss as a crucial
confounding variable that should not be overlooked in
the study design, nor be absent from the logistic regres-
sion analysis of AKI and mortality predictors. Significant
blood loss is well established in previous literatures, poses
major challenges in many cardiac surgeries, and has been
identified as having strong, independent association with
postoperative in-hospital mortality and AKI.> Further-
more, the concomitant decrease in platelet counts and
serum hemoglobin in this study is also a strong indicative
of significant perioperative blood loss, which very much
likely was the true underlying cause of both AKI and
short-term mortality. Therefore, it is of crucial impor-
tance that all relevant predictors, especially such impor-
tant predictor as perioperative blood loss, be included
in the logistic regression analysis. However, according to
the authors, they were not able to investigate the influ-
ence of postoperative bleeding due to the retrospective
nature of the study, which we readers hesitate to give our
full trust given the requirements of comprehensive inten-
sive monitoring postcardiac surgeries. Hence, before the
effect of perioperative blood loss on AKI is conclusively
affirmed, we readers should be highly cautious about
the conclusions this study attempted to present, i.e., the
novel association between thrombocytopenia and postop-
erative AKI. Such conclusions may be distracting, if not
misleading, to us readers, since the association between
perioperative blood loss and AKI may be concealed
behind the seemingly causative thrombocytopenia. We,
therefore, suggest that the authors and interested readers
focus more attention on perioperative blood loss, rather
than platelet reduction, in the future researches of post-
operative AKI.

Second, previous studies have verified that coagulation
factor and fibrin dysfunctions are also in significant asso-
ciation with postoperative kidney and myocardial injuries.®”
Therefore, we advise the authors to explore the functions of
the whole set of serum coagulant components on AKI from
a broader view, other than focusing on the single variable of
platelet count.
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