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ABSTRACT

Background: Wrong patient selection errors may be tracked by retract–reorder (RAR) events. The aim of this

quality improvement study was to assess the impact of reducing the number of concurrently open electronic

health records from 4 to 2 on RAR errors generated by a tele-critical care service.

Methods: The study encompassed 32 months before and 21 months after restriction. Chi-Square test of propor-

tions and T statistical process control chart for rare events were used.

Results: There were 156 318 orders with 57 RAR errors (36.5/100 000 orders) before restriction, and 122 587

orders with 34 errors (27.7/100 000 orders) after. Rates were not statistically different (P¼ .20), but analysis was

underpowered. When plotted on a T control chart, random variation was detected between RAR errors.

Conclusion: We found no significant difference in RAR errors in the tele-critical care setting after open record

limitation. Other strategies should be studied to reduce wrong patient selection errors.
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INTRODUCTION

Problem description
Electronic health records (EHR) and computerized provider order

entry (CPOE) should improve clinical efficiency and patient

safety.1,2 CPOE has reduced medication-related errors, but in-

creased risks such as potentially harmful wrong patient selection.3–5

Aiming to prevent wrong patient selection, our institution added pa-

tient photos to the EHR in December 2017. Months later, the num-

ber of concurrently open records allowed was reduced from 4 to 2.

We are unaware of any reports of how this limitation affects wrong

patient selection in a tele-critical care (TCC) setting. Therefore, this

study evaluates wrong patient selection errors by TCC clinicians be-

fore and after the limitation. It is presented using the SQUIRE 2.0

guidelines for reporting quality improvement studies.6

Available knowledge
Retract–reorder (RAR) is a phenomenon whereby an order written

for 1 patient is canceled, then reordered on a different patient within

10 minutes.7,8 CPOE permits quantification of patient selection

errors by tracking RAR events. Reducing these errors may require

optimizing EHR user interface, and restricting the number of con-

currently opened records.9–11 The optimal number of open records

that balances efficiency with safety is unknown, despite prior re-

search.12 One retrospective emergency department (ED) study found
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83 RAR errors/100 000 orders with no reduction by limiting open

records.13 Similar studies in our ED and cardiology units found no

significant reduction.14,15 Elsewhere, a prospective randomized

study restricted clinicians to 1 open record, or up to 4 records in the

unrestricted arm. Results were inconclusive, with 90 RAR errors/

100 000 order sessions overall.16 RAR error rates ranged from 8/

100 000 (outpatient settings), to 185/100 000 order sessions (inpa-

tient settings), particularly obstetrics and intensive care units (ICU).

Rationale
The rate of RAR errors in TCC is not yet known. This is germane

given growing adoption of TCC, especially for nighttime monitoring

of ICU patients.17

Specific aims
This study aims to assess the impact of restricting the number of

concurrently open records on RAR errors in a TCC service.

METHODS

Context
Cleveland Clinic’s TCC service, eHospital, was deployed from May

2014 to December 2016 to 15 adult mixed and specialty ICUs in

our satellite community and tertiary hospitals. This 7 p.m. to 7 a.m.

service is staffed by intensivists, acute care nurse practitioners (NPs),

and critical care nurses, all of whom (except the nurses) maintain

bedside practices. On average, TCC NPs work 22 6 3 nights/year,

(physicians 11 6 1 nights/year), in blocks of 3 or 4 consecutive

nights.

The service delivery is similar to published TCC descriptions.18

Each team (1 intensivist, 1 NP, 2 nurses) monitors 100–150 patients,

collaborating with bedside nurses and any in-house providers in

monitored ICUs. Some ICUs had NPs, or residents, or intensivists,

while a few had no in-house providers at night. The beds monitored

and number and mix of in-house providers varied in some ICUs dur-

ing the study. From 2017 to 2019, a second TCC team was added,

limiting teams to 150 patients. Depending on clinical needs, work-

loads, site-specific workflows, and interaction with onsite providers,

TCC intensivists, NPs or in-house providers wrote orders in the

EHR.

eHospital uses a locally developed platform, with a proprietary

risk stratification algorithm that interfaces with our EHR, EpicCare

(EPIC Systems Corporation, Verona, WI).19 It features context-syn-

chronization which, with 1 click, simultaneously presents multiple

patient data streams across 5 monitors at each workstation (Fig-

ure 1). The first monitor is a filterable dashboard. It has color-coded

tiles for patients and displays notifications, such as when bedside

clinicians use the in-room button to initiate audio–visual (AV) calls

to the TCC team. The second monitor displays the EHR. The third

displays a real-time feed of bedside monitors. The fourth displays ra-

diologic images, and the last is for live 2-way AV interaction. With

context synchronization, the patient of interest’s record is the active

tab on the EHR monitor.

Interventions
In September 2018, Cleveland Clinic restricted the allowable num-

ber of concurrently open records from 4 to 2. The study period (Jan-

uary 1, 2016 to May 15, 2020), spans time during TCC deployment

and beyond the restriction.

Measures
Relevant measures, TCC orders and RAR errors, were abstracted

from our EHR. RAR errors were defined as orders written for 1 pa-

tient which are subsequently canceled then reordered on a different

patient within 10 minutes by the same clinician. A purpose-built

query was used to identify specified medication and procedure

orders (for imaging, laboratory tests, or patient care instructions).

Multiple simultaneously entered wrong patient orders were consid-

ered 1 instance of error. These were part of an order group, multior-

der set or treatment care path, which are placed during a single

order entry session. Medication orders were considered separately

from procedures, even if placed simultaneously. A combined rate

without overlap was calculated. The test run of the query revealed

few eHospital RAR errors relative to published rates for other inpa-

tient clinical contexts.

Analysis
Statistical analysis was done in SAS software (version 9.4; Cary,

NC). P values < .05 were considered significant. Categorical varia-

bles were summarized with count (%) and continuous variables

with median [IQR]. Daily RAR rate was computed by dividing the

number of RAR errors by the length (days) of the study periods.

RAR errors/100 000 orders were also calculated before and after the

EHR restrictions and compared using Chi-square test of propor-

tions. Assuming a baseline RAR error rate of 90 per 100 000 orders,

342 728 orders will be needed in each period for 90% power to de-

tect a 25% decrease in error rate. Adequate power depended on suf-

ficient number of TCC orders and RAR errors.

Days between RAR events were analyzed using T statistical pro-

cess control (SPC) chart for rare events. SPC charts analyze patterns

of variation of current event data in relation to the center line (CL)

(50th percentile for T Charts), and the upper and lower control lim-

its (UCL, LCL), typically þ/�3 standard deviations (SD) from the

mean.20 The CL, UCL, and LCL are calculated from historical data.

Hence, a sufficiently long preintervention period (at least 20–30

data points) is crucial to ensure a stable process for estimating the

CL, UCL, and LCL. The UCL and LCL define the range within

which data falls randomly, if a process is stable and without signifi-

cant changes, implying no statistical difference between event data.

Thus, SPC charts differentiate random from special cause variation

induced by specific interventions. Special cause variation is present

if any data fall outside the UCL or LCL. It is also detected using

other decision rules about data patterns that are statistically unlikely

to occur randomly.20

Ethical considerations
The study was approved by Cleveland Clinic’s Institutional Review

Board, with waiver of informed consent as a retrospective, cohort

study of patients monitored by eHospital. Provider data were ana-

lyzed in aggregate by provider type.

Results
Study data are summarized in Table 1. There were 156 318 and

122 587 TCC orders before and after the intervention, respectively.

There were only 91 RAR errors equating to 36.5 and 27.7 errors/

100 000 orders, respectively, which were not statistically different

(P¼ .20). Post hoc analysis confirmed the analysis was underpow-

ered to detect a difference in proportions that small. The 91 RAR

errors translate to 0.058 RAR errors/day, both before and after the

intervention as shown in Figure 2. The median number of days be-
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tween RAR errors was 17.68. The number of orders placed by TCC

providers varied, but annual census of monitored patients was fairly

stable.

Figure 3 displays the T SPC chart of RAR event patterns, depict-

ing days between events, in relation to the temporal change in num-

ber of concurrently open records, CL (value, 9.5 days), and UCL

line (value, 187 days). The days between RAR errors vary randomly

around the CL after the restriction. No data point even approaches

the UCL. There are no discernible trends in the pattern of days be-

tween errors that match other decision rules for assignable variation.

An effective intervention would have significantly increased days be-

tween events. Accordingly, no significant change in RAR errors oc-

curred after the EHR restrictions.

DISCUSSION

Summary
We assessed the impact of restricting the number of concurrently

open patient records from 4 to 2 in a TCC setting. The rate of RAR

errors was not significantly reduced. This concurs with other set-

tings (ED, inpatient cardiology) at our institution and is congruent

with similar studies elsewhere. To the best of our knowledge, this is

the first study addressing this in TCC.

Interpretation
To facilitate comparison with prior studies, we analyzed the rate of

RAR errors/100 000 orders. However, that was underpowered to

detect a difference owing to the infrequency of RAR errors in our

TCC setting. We also analyzed days between errors using T charts:

These are well-suited for rare events, having sensitive decision rules

that do not necessarily require voluminous data or long periods, to

detect data patterns consistent with trends towards improvement or

Figure 1. Depiction of a typical eHospital workstation.

Table 1. Data summary of study setting and RAR error variables

Variable Value

Number of Study Days before Intervention, N (%) 981 (69.2%)

Number of Study Days after Intervention, N (%) 575 (30.8%)

Number of RAR errors pre-intervention N (%) 57 (62.6%)

Number of RAR errors post-intervention N (%) 34 (37.4%)

Minutes between order and retract, median [IQR] 0 [0; 2]

Number of Days between RAR, median [IQR] 17.68 [12; 27]

Order type, N (%)

Medication 82 (90.1%)

Procedure 9 (9.89%)

Number of RAR errors by provider type, N (%) 28 (30.8%)

Physicians 63 (69.2%)

Nurse practitioners

Annual census of monitored patients (N) 20 826

2016 20 288

2017 20 379

2018 17 709

2019 5895

2020 (Year till 05/15/2020)

Annual count of TCC orders 32 428

2016 58 848

2017 65 042

2018 (pre restriction) 18 834

2018 (post restriction) 76 482

2019 27 271

2020 (YT 05/15/2020)
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deterioration. With rare events, such trends may need extended peri-

ods to accumulate sufficient data for statistical tests of proportions.

The infrequency of eHospital RAR errors merits consideration

given that it seemingly differs from other inpatient settings. Incorpo-

rating patient photos in the EHR 8 months before the intervention,

if effective, would have reduced RAR errors and enhanced the im-

pact of subsequent EHR restrictions. Yet the photos were small and

non-resizable, and we observed no difference in TCC RAR errors

throughout the study. Further, our TCC clinicians also work in bed-

side settings, so our low error rates cannot be attributed to using ex-

clusive personnel. Further, when monitored patient volume

increased, we added another team to maintain consistent team–pa-

tient ratios. However, there are no reports yet from other TCC pro-

grams for comparison. If other programs find similarly low rates,

this implies there may be features inherent to the TCC environment

(perhaps setup, platform features, or workflows) that reduce the risk

of RAR errors. If so, we speculate that context-synchronization may

mitigate the risk by ensuring the streams of information displayed

correspond to the patient with the active tab on the EHR monitor.

The foregoing suggests that solving wrong patient selection may

lie in the realm of human factors. Sopan et al focused on human–

computer interactions, user interface, and workflow design when

devising mitigation strategies, including verification steps after pa-

tient selection and before order finalization.9 Interposing steps adds

friction to workflows, is time-consuming, and may increase dissatis-

faction with CPOE. They did recommend passive features, including

patient pictures, prominent name displays, and colocating order fi-

nalization with patient names/photos to facilitate confirmation

without intrusive steps. Optimal solutions should consider clinician

efficiency and patient safety. These should not be mutually exclu-

sive.

Limitations
Our study has limitations inherent to single center retrospective

studies beyond its limited statistical power. In particular, our propri-

etary eHospital platform is not commercially available, and other

TCC platforms may not feature context synchronization. In-house

providers in monitored ICUs may differ elsewhere, so, although our

staffing model corresponds with published reports, our volume of

TCC orders and relative infrequency of RAR errors may not be gen-

eralizable. Further, we could not evaluate associations between risk

of RAR errors and relevant factors, such as rates by provider type.

Our TCC team collectively discusses patient issues, with necessary

orders placed by either the physician or NP. Consequently, physi-

cian opportunities for error are fewer and not easily quantified.

Therefore, we may have overlooked confounding variables that may

have influenced our results.

CONCLUSION

The adoption of EHRs with CPOE has unintentionally increased

wrong patient selection errors with risk for harm. Limiting the num-

ber of concurrently open records has been tried in order to reduce

Figure 2. Graphical depiction of RAR event patterns over time. The median number of days between RAR errors was 17.68.

Figure 3. T control chart of days between RAR errors. There are no discernible trends in the pattern of the number of days between RAR errors.
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these errors, but studies using the RAR metric have not found bene-

fit. Likewise, we found that restricting the number of open records

from 4 to 2 in our TCC setting did not reduce RAR errors. Similar

studies in other TCC programs are needed to confirm our findings.

RAR errors were comparatively infrequent in our TCC service,

which has user interface and workflow features unlike standard clin-

ical workstations. This suggests there may be opportunities to opti-

mize the EHR user interface to reduce wrong patient selection

errors.
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