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Abstract

Objective: We sought to examine the impact of limiting the number of open active

charts on wrong patient order entry events among 13 emergency departments (EDs)

in a large integrated health system.

Methods: A retrospective chart review of all orders placed between September 2017

and September 2019 was conducted. The rate of retract and reorder events was ana-

lyzed with no overlap in both the period pre- and post-intervention period. Secondary

analysis of error rate by clinician type, clinician patient load, and time of day was

performed.

Results: The order retraction rate was not improved pre- and post-intervention.

Retraction rates varied by clinician type with residents retracting more often than

physicians (odds ratio [OR] = 1.443 [1.349, 1.545]). Advanced practice providers also

showed a slightly higher rate than physicians (OR = 1.114 [1.071, 1.160]). Pharma-

cists showed very low rates compared to physicians (OR= 0.191 [0.048, 0.764]). Time

of day and staffing ratios appear to be a factor with wrong patient order entry rates

slightly lower during the night (1900–0700) than the day (OR 0.958 [0.923, 0.995]),

and increasing slightly with every additional patient per provider (OR 1.019 [1.005,

1.032]). The Academic Medical Center had more retractions that the other EDs. OR

for the various ED types compared to the AcademicMedical Center included Commu-

nity (OR 0.908 [0.859, 0.959]), Teaching Hospitals (OR 0.850 [0.802, 0.900]), and Free-

standing (OR 0.932 [0.864, 1.006]).

Conclusions: Limiting the number of open active charts from4 to 2 did not significantly

reduce the incidence ofwrong patient order entry. Further investigation into other fac-

tors contributing to order entry errors is warranted.
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1 INTRODUCTION

1.1 Background

The Health Information Technology for Economic and Clinical Health

(HITECH) act of 2009 mandated the adoption and meaningful use of

electronic health records in health care facilities across the United

States.1 By 2016, 99% of eligible hospitals had demonstrated mean-

ingful use and either adopted or upgraded electronic health records.2

Computerized order entry is a core-meaningful use objective designed

to support standardized, legible, and completeorders to facilitate accu-

rate and efficient processes of care.3 Several studies have reported the

positive impactof computerizedorder entryon safety andcost.4-6 Con-

versely, adverse events resulting from computerized order entry have

also beennoted in the literature.Unintended consequences of comput-

erized order entry include increased workload burden, disruption of

workflow, and patient order errors resulting from cognitive overload,

alert fatigue, and incorrect patient selection.7

1.2 Importance

The use of the electronic health records in the emergency depart-

ment is associated with specific challenges and points of vulnerability

not seen in other health care delivery environments. The time-critical,

multi-patient workflow of the ED necessitates frequent clinician inter-

action with the electronic health records. A study by Hill et al8 found

that emergency physicians spend significantlymore time entering data

into electronic health records than any other activity, amounting to

30%– 40% of a workday. Studies aimed at quantifying order entry

errors in the ED reflect variation in error rates among ED practice

setting and computerized order entry task. Ratwani et al9 found that

computerized order entry error rates varied among electronic health

records functions and noted that error rates as high as 50% occurred

during more complex ordering tasks. Error type varied from omission

of order components, wrong time andwrong dose, frequency, route, or

rate.9 Phamet al10 found that 12%ofmedication errors in the EDwere

due topatient selectionerrors. Theseerrorsmaybeexacerbatedby the

frequent interruptions that emergencyphysiciansencounteronagiven

shift.11

Patient selection errors are actions that are performed for 1

patient that were intended for another patient.12 These error types

are typically underreported because they require self-reporting,

are often recognized and corrected by the ordering clinician, are

intercepted during the orders verification process, or they may go

unrecognized.13,14 In the early 1990s, Classen et al15 described use

of an integrated database that detected potential adverse medica-

tion events based on sudden stop orders, orders for antidotes, and

abnormal lab values. This initial effort at isolating wrong patient

orders led to the development of systems designed to identify rapid

discontinuation of an order as a proxy for a prescribing error.13 This

phenomenon, now termed retraction-reorder, or retract-and-reorder,

describes patient selection errors as near-miss events in which orders

The Bottom Line

Limiting the number of open active charts in the electronic

medical record from 4 to 2 did not reduce the incidence of

wrong patient order entry in the emergency department.

TABLE 1 Strategies to improve accuracy of patient selection

Watermark with the patient’s ED bed space17

Patient pictures16,18,19

Personalized patient lists16

Same/similar name alerts16

Elimination of cropped or truncated name displays16

Consistency among computer screens16

Pop-up boxes for confirmation of patient identity16

Changing the location of the “submit” button16

Limiting the number of open patient charts14

are placed on a patient, then retracted and reordered for a different

patient.14

A number of electronic medical record adaptations designed to

improve accuracy of patient selection have been proposed or trialed16

(Table 1). Effectiveness of these interventions varies because introduc-

ing additional steps into the ordering process increases the amount of

time clinicians spend in the electronic medical record.

1.3 Goals of this investigation

In an effort to reduce wrong patient order entry events at our health

system, the maximum number of active simultaneously open charts

was decreased from 4 to 2. Emergency physicians care for multiple

patients at a time and often need to switch tasks frequently.We there-

fore sought to examine the impact of limiting thenumber of openactive

electronic medical record charts on retract and reorder errors in the

EDs of a large integrated health system. Secondarily, we sought to

examinewrongpatient order entry error rates by clinician type, patient

load, ED type, and timeof day tounderstand theepidemiologyofwrong

patient orders in the ED.

2 METHODS

2.1 Study design and setting

A retrospective chart review was performed on all patient encounters

presenting to 1 of 12 EDs in a large integrated health system that uses

a single instance of an electronicmedical record (Epic Systems, Verona,

WI) for 12 months before and 12 months after the intervention of
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limiting simultaneously open charts was enacted. The month in which

the intervention was introduced was excluded from analysis. The

health system Institutional Review Board approved the study.

2.2 Selection of participants

Any patient who received a patient care order during an active ED

visit at any of the health system’s 12 hospital-based or freestanding

EDs during the study period was considered for inclusion in the study.

All orders generated from September 2017 through September 2019,

excluding September 2018, were eligible for analysis. Eligible order-

ing clinician types included: physicians, advanced practice providers

(physician assistants and nurse practitioners), fellows, residents, phar-

macists, registered nurses, students, health unit coordinators. Nurses,

students, and pharmacists required the identification of a co-signer on

their orders.

2.3 Measurements

Order types were categorized as medication or procedure orders. A

procedure order was defined as any patient care order not directly

related to a medication, such as imaging orders, laboratory tests, or

patient care instructions. Retract and reorder was defined as any pro-

cedure ormedication orders placed, retracted, and re-entered on a dif-

ferent patient within 10 minutes. Secondary analysis of error rate by

clinician type, patient load, and time of day was performed.

We characterized the error rate by instance, such that multiple

simultaneously entered wrong patient orders were considered as 1

episode of error. Simultaneously entered orders are defined as those

orders, whichmay be part of an order group, a standardmulti-order set

or treatment care path, which are placed or signed at once during a sin-

gle order entry session. Medication orders were listed separately from

other orders, even if ordered simultaneously. A combined rate without

overlap was calculated.

2.4 Analysis

Patient and clinician identifiers were removed, resulting in a de-

identified data set of time-stamped orders, identifying the location,

hour, and role for every distinct patient-clinician pair. This data set

was matched with an additional data set extracted from the elec-

tronic medical record of number of patients in the ED for each hour

as well as the number of clinicians (attending physicians, residents,

and advanced practice providers) for each hour. The number of new

patients in each hour was added to the number of patients who

arrived in the previous hour, and divided by the number of clini-

cians to obtain clinician staffing ratios. We used the first 2 hours to

calculate clinician workload as we assumed orders were more likely

to be placed during the first 2 hours of the patients’ arrival and

workup.

We analyzed the error rate per 1000 orders using a logistic regres-

sion incorporating predictor variables to represent providers, time

of day, patient volume and patient clinician ratio, and relationship

to the intervention. To evaluate whether decreasing trends in error

rates changed after the intervention, a linear term for month within

time period, time period, and a monthly time period interaction were

included in the models, and the interaction term was used to assess

whether the rate of decline changedwith the intervention.

Data were compiled using a SQL Server database (Microsoft SQL

Server 2012) and then extracted into SAS software (Cary, NC) for

analysis. All data are expressed in error rate per 1000 orders. A logistic

regressionmodelwas created for all orders, using a backward stepwise

selection method, excluding 1 variable at a time, by highest P-value,

until all variables had P-values <0.05. The initial set of variables

included several possible measures of time of day and several possible

measures of patient load, each of which had moderate-to-high corre-

lations (>0.30) to other possible measures of the same type. As these

variables were removed from the model, a second test was done with

the previously removed related variables to confirm that they were

still not significant. None of this ultimately changed the course of the

stepwise selection.

3 RESULTS

3.1 Study subjects

A total of 21,783,373 individual orders in 5,988,914 instances

(matched patient, clinician, and order time) for 1,108,757 unique

patient encounters were included in the analysis.

3.2 Primary results

The combined order retraction rate by instance was 2.4 per thousand

before the intervention and 2.2 per thousand afterward. Overall, order

retraction rates decreased by 0.03 retractions per thousand with each

additional month in both time periods (Figure 1). The linear trend of

reductions in overall order retraction rates in the year before and year

after this intervention is consistent through both periods. This rela-

tive change in retraction over time did not significantly differ between

time periods (P= 0.52). After adjustment for other factors, the odds of

retraction decreased by 1.3% per month before the intervention, and

by 1.7% permonth after the intervention (Figure 2).

3.3 Secondary results

3.3.1 Clinician types

Across the intervention period, error rates varied by clinician type

and ED type. In the multivariate model, clinician types were a sig-

nificant predictor of error rates. Residents were reliably higher than
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F IGURE 1 Order Retraction Rate (per thousand), byMonth

attending physicians with an OR of 1.443 (1.349, 1.545). Advanced

practice providers also showed a slightly higher rate than the physi-

cianswith anOR of 1.114 (1.071, 1.160). Pharmacists showed very low

rates for errors compared to physicians with an OR of 0.191 (0.048,

0.764). Unit coordinators (clerks) had very high rates, with an OR of

1.613 (1.292, 2.014) compared to physicians for the few types of pro-

cedure orders they can enter (Figure 2).

3.3.2 ED types

Among the EDs included in the study, small Community Hospitals (n =

6),medium-sized TeachingHospitals (n=2), and Freestanding EDs (n=

3) were each slightly less likely to have retracted orders than the large

Academic Medical Center (n = 1) in the set, but were not significantly

different from each other: CommunityOR 0.908 (0.859, 0.959), Teach-

ing Hospitals OR 0.850 (0.802, 0.900), Freestanding OR 0.932 (0.864,

1.006) (Figure 2).

3.3.3 Time of day

Time of day and staffing ratios appear to be a factorwithwrong patient

order entry rates slightly lower during the night (1900–0700) than

the day with an OR of 0.958 (0.923, 0.995) (Figure 3), and increasing

slightly with every additional patient per provider with an OR of 1.019

(1.005, 1.032) (Figure 4).

4 DISCUSSION

In our primary analysis, there was no difference in the rates of retract

and reorder errors before and after limiting the number of concur-

rently open charts. Further, our results are concordant both in direc-

tion and size, with previously published results of other studies in an

ED setting. For instance, a retrospective study by Kannampallil et al,20

found no difference in error rateswhen the number of open charts was

restricted to 2 from 4. Likewise, Adelman et al21 also found no differ-

ence in error rates in their randomized study throughout a health sys-

tem. In this study, the restricted group could only have 1 chart open

at a time, and the unrestricted group could have up to 4 charts open,

although ultimately 66% of the unrestricted group had only 1 chart

openwhen they placed orders.

These results suggest that the uniqueness of the high-stress ED

environment and the number of charts open have no impact on the

genesis of such errors. We speculate therefore that as yet undefined

human factors and human-computer interface issues may be more rel-

evant in the etiology of these errors. Nonetheless, it is important to

determine if the impact of numerical limitation is different in other

high stress environments such as the intensive care unit and whether

workload has an impact. This may help elucidate whether differences

in practitioner types or workflows in these different settings may

influence these errors, as suggested by the results of our secondary

analyses.

In the secondary analyses, we find evidence of substantial variation

in the ordering accuracy between different groups of clinicians in the

ED setting. Health unit coordinators demonstrated the highest overall

error rate for procedure orders, particularly orders for patient trans-

port or supplies. Although the explanation for this is unclear, it may be

related to the fact that they are frequently receiving verbal orders and

may lack training in patient safety and identification. It is also possi-

ble that these orders have little clinical or significant impact, and thus

the diligence present on orderswith patient safety implicationsmay be

lacking.

Among clinician groups, residents demonstrated the highest rates

of wrong patient order entry. It is not unreasonable to assume that

the higher rates in the academic center ED may be in part attributable

to the presence of residents. A single site pilot study by Murray

et al22 noted higher error rates among emergency medicine resi-

dents than emergency medicine attending physicians (9.2% versus

6.9%). Residents’ higher error rates may be related to the fact that

as trainees, they may still be overly task-focused, trying to get the

work done, but may not yet have developed the skills to self-audit

in real-time to catch errors. However, we do not have a breakdown

of error rates by level of residency training that may support this

hypothesis.

Increased patient-to-provider ratios were linked to increased rates

ofwrong patient order entry errors, and this ismay be due to thework-

load burden and associated distractions when providing care for a high

patient load.Diurnal variationwasnoted inerrors for procedureorders

but not for medication orders. Rates were lowest and most stable dur-

ing the nighttime hours (1900–-0700), and higher and more variable

during the day. Again, the reasons for this difference are unclear given

that both types of orders should be subject to any influence of lower

patient volumes at night. Moreover, insofar as an unknown number of

these errors will not be caught before a patient receives an unintended

therapy, it is particularly concerning with medication order errors as

these are presumably more likely to cause harm, should they reach the

patient.23
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F IGURE 2 Odds ratios for all variables

F IGURE 3 Order retraction by hour
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F IGURE 4 Order rate (per 1000) by patient–provider ratio

Limiting the number of simultaneously open patient charts,

attempts to balance the need for smooth and efficient provider

workflows (including multi-tasking), with the imperative to min-

imize opportunities for patient harm. Indeed, the Office of the

National Coordinator for Health Information Technology and the

Joint Commission have issued even stricter recommendations to

restrict the allowable number of open charts to just one.21 Yet, our

findings add to the body of evidence that run counter to expec-

tations given the implicit underlying assumption that limiting the

number of open charts reduces the opportunity for mix-ups in patient

selection.

Several proposals have been designed to curb these errors. Some

of these have been implemented with yielding varying degrees of

effectiveness.16 Strategies include passivemeasures such as displaying

patient pictures on the screen and ensuring patient names are fully dis-

playedandnot truncatedby space constraints.Others include intrusive

measures such as hard stops that require active provider action such

as patient identity verification (by inputting patient initials or date of

birth) before orders can be signed and submitted.24 Even such mea-

sures have not been uniformly effective and do add a level of friction

and inefficiency to the user experience.

Accordingly, we call for more research into human factors design

in the clinical electronic medical record space to mitigate these risks.

We do note that our electronic medical record system features auto-

mated real-time checks for allergies and drug interactions errors in

medication orders, with alerts presented to the provider before sign-

ing. It would be helpful if such functionality can be extended to include

checks that notify prescribers when contextually inappropriate med-

ications are being ordered before said orders are signed. This would

be one immediately useful clinical application of the burgeoning field

of artificial intelligence (AI) in medicine. Before this promise of AI can

be realized, changes to the electronic medical record user interface

and display as outlined in Table 1 can be harnessed to mitigate these

errors.

5 LIMITATIONS

This study has several limitations. It measures retraction and reorder

rates, which is an objective measure of wrong patient order entry, but

it is unclear how this relates to true errors that reach the patient and

any associated patient harm. We are unable to assess whether the

ordering clinician themselves discovered the error and self-corrected

or whether they were notified of this by another professional pro-

viding checks and balances such as a pharmacist verifying medica-

tion orders or a nurse acknowledging laboratory studies. Presumably,

these orders were retracted before they were carried out, but we

are unable to determine the actual rate of errors that reached the

patient.

We were also unable to retrospectively obtain true patient work-

load at the individual clinician level from the electronic medical record

or whether patients were in the lobby, in ED treatment rooms or

already admitted, all of which represent decreased labor intensity.

Nevertheless, we believe that the proxy of new patient arrivals gives a

snapshot into theworkload in the ED and a point of reference for other

times of the day that can be compared across EDs.

This study was strictly observational and designed to study the

impact of our intervention, yet there may have been other confound-

ing factors that affected the error rates. Finally, our results may not be

generalizable to other electronic medical record systems.

6 CONCLUSION

Limiting the number of active, open charts in the electronic medical

record from 4 to 2 did not significantly reduce the rate of retract and

reorder in the ED setting. Our study also highlights the need for pilot

trials before implementing widespread workflow changes, no matter

how intuitive they may seem. Further investigation into wrong patient

order events is warranted to better direct preventive solutions.
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