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1. STRUCTURED ABSTRACT  
Purpose: To assess the risk of wrong-patient orders in an electronic health record (EHR) configuration limiting 
providers to one patient record open at a time versus a configuration allowing up to four records open 
concurrently. 
Scope: National recommendations for the safe use of EHR systems call for limiting the number of patient 
records displayed at the same time to one. However, little evidence supports these recommendations. 
Methods: We conducted a randomized comparative effectiveness trial in a large health system to compare the 
risk of wrong-patient orders in an EHR configuration limiting providers to one patient record open at a time 
(Restricted arm) versus a configuration allowing up to four records open concurrently (Unrestricted arm). The 
unit of analysis was the order session, defined as a series of orders placed consecutively by a single provider 
for a single patient. The primary outcome was wrong-patient order sessions, including at least one wrong-
patient order identified using the Wrong-Patient Retract-and-Reorder measure. 
Results: The trial included 3356 randomized providers who placed 12,140,298 orders in 4,486,631 order 
sessions for 543,490 patients. There was no significant difference in wrong-patient order sessions in the 
Restricted versus Unrestricted arm, overall (odds ratio [OR]: 1.03; 95% confidence interval [CI], 0.90 to 1.20; P 
= .60), in the emergency department (OR: 1.00; 95% CI, 0.83 to 1.20; P = .96), inpatient settings (OR: 0.99; 
95% CI, 0.89 to 1.11; P = .86), or outpatient settings (OR: 0.94; 95% CI, 0.70 to 1.28; P = .71). 
Key Words: Medical errors, patient safety, electronic health record, patient identification, wrong-patient errors 
 
2. PURPOSE 
The purpose of this randomized comparative effectiveness trial was to assess the risk of wrong-patient errors 
at the system level by comparing two electronic health record (EHR) settings: a configuration limiting providers 
to one patient record open at a time versus a configuration allowing up to four patient records open at once. 
We pursued the following specific aims:  
1. Compare the risk of wrong-patient orders in a restricted environment that limited providers to one record 

open at a time versus an unrestricted environment that allowed up to four records open concurrently. 
2. Examine the relationship between wrong-patient orders and the number of records open at the time of 

placing an order. 
 
3. SCOPE 
Background  

Although computerized provider order entry (CPOE) is associated with a reduction in medical errors, 
when orders are placed electronically certain types of errors, including placing orders on the wrong patient, 
may occur more frequently. The danger of wrong-patient electronic orders was highlighted by one hospital’s 
report that after implementing CPOE, medications were prescribed for the wrong patient several times per 
month. In 2003, the United States Pharmacopeia analyzed 7029 voluntarily reported medication errors over a 
7-month period and found a mean of 9 wrong-patient orders at each of 120 participating institutions using 
CPOE. This report likely underestimated the extent of wrong-patient electronic orders, as voluntary reporting is 
known to be an unreliable method for identifying errors.  

Dr. Jason Adelman, the Principal Investigator of this study, developed the Wrong-Patient Retract-and-
Reorder (RAR) Measure,1 the first Health IT Safety Measure endorsed by the National Quality Forum (NQF 
Measure #2723).2,3 The Wrong-Patient RAR Measure is an automated, validated, and reliable measure to 
quantify the frequency of wrong-patient orders and test interventions to prevent them. The measure detects 
instances of one or more orders placed for a patient that are retracted (cancelled) within 10 minutes, and then 
placed by the same provider for a different patient within the next 10 minutes (Figure 1). The Wrong-Patient 
RAR Measure is programmed as an electronic query and run retrospectively against every order from a data 
warehouse or replica server. The source is log data recorded in the EHR during the course of clinical care, 
thereby supplying data on millions of orders per year in a large health system. Numerous healthcare 
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organizations, using the major electronic health record systems, have successfully deployed the measure to 
capture wrong-patient orders in inpatient, emergency department, and ambulatory settings. 

In the validation study, real-time confirmatory 
telephone interviews with providers demonstrated that the 
measure correctly identified near-miss, wrong-patient 
orders in 170 of 223 cases, yielding a positive predictive 
value of 76.2%.1 The measure identified 5246 orders 
placed on the wrong patient over a 1-year period in a 
large academic medical center, translating to 58 wrong-
patient orders per 100,000 orders.1 In that year, 
approximately 1 in 6 providers placed an order for the 
wrong patient, and 1 in 37 hospitalized patients had an 
order placed for them that was intended for another 
patient. These errors occurred among attending 
physicians (60 errors per 100,000 orders), nurse 
practitioners and physician assistants (74 errors per 
100,000 orders), and pharmacists (67 errors per 100,000 
orders).1 Two subsequent studies of wrong-patient orders 
conducted in the emergency departments of different 
health systems using different EHRs found an average of 84 to 202 errors per 100,000 orders.4,5  

These studies using automated surveillance to identify wrong-patient orders demonstrated the 
prevalence to be significantly higher than previously thought. This volume of near-miss, wrong-patient orders is 
vastly greater than estimates reported in studies using voluntarily reported errors as the outcome,6-8 enabling 
researchers to test interventions to prevent this type of error.  
Context  

The hazard of wrong-patient orders persists despite a longstanding Joint Commission National Patient 
Safety Goal requiring proper patient identification,9 and the use of patient identification interventions 
implemented within EHR systems such as ID verification alerts1,5 and patient photographs.10 In efforts to 
prevent wrong-patient errors and promote the safe use of health information technology nationally, the Office of 
the National Coordinator for Health Information Technology (ONC)11 and The Joint Commission12 issued 
recommendations that health systems limit the number of records displayed in the EHR to one at a time. 
However, these recommendations cite expert opinion,11,13,14 as no evidence exists that multiple patient records 
open at once in the EHR increases the risk of wrong-patient errors. There have been several articles that warn 
of this potential risk,10,15,16 but none of these studies were designed to determine whether there was an 
association between reported errors and multiple records having been open.  

We conducted a national survey of Chief Medical Information Officers to determine what percentage of 
facilities comply with the recommendations and found wide variation in practice. Among inpatient and 
outpatient facilities using EHR systems with the capability to have multiple patient records open concurrently, 
44% allowed three or more records open at once, 38% restricted to one record open, and 17% allowed up to 
two records open.17 Respondents who reported allowing multiple records open cited the need for efficiency, 
while those who reported restricting users to a single record cited safety concerns about wrong-patient errors. 
Respondents who chose to “hedge” by allowing up to two records open reported seeking to strike a balance 
between efficiency and safety.  

Given the lack of rigorous evidence, as well as the lack of consensus, we conducted a randomized 
comparative effectiveness trial to test the hypothesis that use of a restricted configuration, limiting providers to 
one patient record open at a time, would result in significantly fewer wrong-patient orders than an unrestricted 
configuration allowing up to four records open. The relationship between the number of patient records open in 
an EHR and the risk of wrong-patient errors needs to be established to inform decision-making and national 
guidance on how to safely implement CPOE systems. Given the widespread adoption of CPOE in inpatient 
and outpatient settings, the decision about how many records to allow providers to open at once in EHRs has 
potentially far-reaching implications for patient safety as well as usability. 
 

Figure 1. Wrong-Patient Retract-and-Reorder Measure. 
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Settings 
The trial was conducted from October 2015 to April 2017 at Montefiore, a large academic medical 

center and regional health system in New York that utilized EpicCare (Epic Systems Corporation, Verona, WI) 
during the trial period. Trial sites included four hospitals with a total of 1536 beds, five emergency departments, 
and 144 outpatient facilities. The study protocol was approved by the Institutional Review Boards of Albert 
Einstein College of Medicine and Columbia University Irving Medical Center.  
 
Participants 

Providers. Any provider who places an electronic order can potentially place an order on the wrong 
patient. We therefore included in the study all providers with the authority to place electronic orders. Providers 
were excluded if their workflow either 1) had a defined requirement to open two patient records simultaneously 
(e.g., mother-infant services), or 2) bypassed the standard order entry process and therefore would not be 
captured by the outcome measure (e.g., radiologists). 

Patients. Since all patients are at risk for wrong-patient orders, all orders placed by randomized 
providers for all patients during the trial period were included in the analysis.  

As the study posed no more than minimal risk and did not involve any procedures for which written consent 
is normally required, and all data were collected as part of routine clinical care and extracted retrospectively at 
the end of the trial period, the IRB waived informed consent for patients and providers, per the code of Federal 
Regulations Title 45, Part 46.116 (d). To protect confidentiality, all patient and provider identifiers were 
replaced by pseudo-identifiers. 

 
4. METHODS 
Study Design  

We conducted a randomized comparative effectiveness trial to test the hypothesis that use of a 
restricted configuration, limiting providers to one patient record open at a time, would result in significantly 
fewer wrong-patient orders than an unrestricted configuration allowing up to four records open. All inpatient, 
emergency department, and outpatient providers were randomized in a 1:1 ratio to either a maximum of one 
patient record open at a time (Restricted arm) or a maximum of four records open at once (Unrestricted arm). 
An information technology specialist responsible for assigning user templates in the EHR performed the 
randomization. A computerized random number generator was used to create a group assignment for each 
user at the time of randomization, thus ensuring concealed allocation and the inability to predict future 
assignments. Then, each provider was manually assigned to one of two EHR user-role templates that differed 
only in the number of patient records allowed open per trial arm. Providers newly hired after the start of the trial 
were randomly assigned to trial arm using the same procedure when being issued a new user logon for the 
EHR.  
 
Interventions  

In the Restricted arm, providers could open and view only one patient record at a time, with the 
patient’s name displayed in a single “tab” at the top of the computer screen; the open tab had to be closed 
before a different patient’s record could be opened. In the Unrestricted arm, providers could open and view up 
to four records at once, with patients’ names displayed in separate tabs for each patient along the top of the 
screen. In both the Restricted and Unrestricted arms, the active patient’s name, age, sex, date of birth, 
location, and attending physician of record were displayed in the banner at the top of the screen.  
 
Measures 

Clustering of Orders within Order Sessions. If a provider begins placing orders in the wrong 
patient’s record, there is the possibility that several such orders will be placed and then retracted together. 
Therefore, individual orders do not represent independent opportunities for errors to occur. Orders are 
clustered within order sessions, defined as a series of orders placed consecutively by a single provider for a 
single patient that begins with opening that patient’s order file and terminates when an order is placed on 
another patient or after 60 minutes, whichever comes first. Thus the order session, rather than each order, 
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represents an independent opportunity for a wrong-patient error to occur. Therefore, the unit of analysis was 
the order session. 

Primary Outcome. The primary outcome measure, the Wrong-Patient RAR measure, is an electronic 
query run retrospectively against every order placed during the study period to identify instances in which one 
or more orders placed for a patient were retracted (cancelled) by the same provider within 10 minutes, and 
then reordered by the same provider for a different patient within the next 10 minutes (RAR events). The 
primary outcome is wrong-patient order sessions, defined as order sessions that include a wrong-patient RAR 
event identified by the Wrong-Patient RAR measure.  

Secondary Outcomes. Secondary outcomes consisted of the following: 1) provider utilization of the 
multiple records capability, i.e., the proportion of orders placed when one, two, three, or four records were 
open; 2) frequency of wrong-patient orders with one, two, three, or four records open; 3) productivity 
measures, including the number of orders placed per provider per day, and the number of patients for whom 
orders were placed per provider per day; and 4) efficiency measures using a 2-month sample of log data 
recorded in the EHR system, including the number of mouse clicks, key presses, computer logins, screen 
switches, and time on the system. For secondary outcomes 1 and 2, an electronic log was created that 
recorded the number of records open at the time each order was placed.  
 
Data Sources/Collection 

We extracted data for all orders placed by randomized providers during the trial period. Data for each 
order, including provider, patient, order session, and order characteristics (below), were extracted 
retrospectively from the health system data warehouse at the end of the trial period. Preset batch orders (e.g., 
for vaccines) were excluded from the analysis, as these orders are not under the control of individual providers. 

Provider-level characteristics: type of ordering provider (attending, resident, physician assistant, nurse 
practitioner, pharmacist, or other), and total number of orders placed during the study period (a measure of 
the frequency with which the provider uses the system). 
Patient-level characteristics: age, gender, race, ethnicity, unit, and date and time of admission.  
Order-session level characteristics: location of the order session (emergency department, medical-surgical 
unit, intensive care unit, labor and delivery, pediatrics, other specialty units).  
Order level characteristics: type of order (medication, imaging, nursing order, procedure, other), date and 
time of order, date and time of retraction, and number of patient records open at the time the order was 
placed. 

 
Statistical Analysis 

The primary analysis of the randomized trial was intention-to-treat, with each provider generating a 
cluster of order sessions. The primary outcome variable was dichotomous, indicating whether or not each 
order session contained a wrong-patient RAR event. To determine the effect of trial arm on wrong-patient 
orders, we constructed random effects logistic regression models with wrong-patient order sessions as the 
outcome, and randomization arm as the independent variable, using provider as a random intercept to account 
for clusters of order sessions within providers. We estimated the effect using the odds ratio (OR) and its 95% 
confidence interval (CI), and used the Wald test with a two-sided alpha of .05. For subgroup analyses, we 
prespecified clinical settings, including emergency department, inpatient, and outpatient locations, and further 
specified subgroups by inpatient unit, including medical/surgical, critical care, pediatrics, and obstetrics units. 
In subgroup analyses, we constructed similar mixed effects models in each predefined subgroup, with a 
separate model including an interaction term to test the significance of treatment effects across subgroups, 
using the Wald test of significance. The primary outcome is reported as the number of wrong-patient order 
sessions per 100,000 order sessions. 

Because of administrative errors, some providers were not assigned to the trial arm to which they were 
randomized. Therefore, we repeated all assessments in as-treated analyses (i.e., according to intervention 
received) such that each order or order session was characterized by the provider’s configuration at the time 
the orders were placed. 
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In the analysis of provider utilization of the multiple records capability in the Unrestricted arm, we 
reported the percentage of all orders placed when one, two, three, or four records were open at the time of 
ordering, overall and stratified by clinical setting. Similarly, we reported the frequency of wrong-patient orders 
per 100,000 when one, two, three, or four records were open at the time of ordering with 95% binomial 
confidence intervals, overall and by clinical setting. These analyses used the order as the unit of analysis 
(rather than the order session), because a provider could open or close patient records while placing a series 
of orders during a single order session. Measures of productivity and efficiency are reported as median per 
provider per day with interquartile range, as these values were not normally distributed. Differences between 
groups were tested using rank sum tests.  
 
Limitations 

Our study has several limitations. First, although this was a multi-site trial that included hospitals, 
emergency departments, and outpatient settings, it was conducted within a single health system using a single 
EHR platform; therefore, results may not be generalizable to other medical centers and EHR systems. Second, 
we assessed only one type of error using a measure of near-miss events that are detected and corrected 
before reaching the patient. However, near-miss errors follow the same causal pathway as errors that cause 
harm, and their use to test safety interventions in healthcare is endorsed by the major organizations dedicated 
to patient safety.18-22  
 
5. RESULTS 
Principal Findings 
A total of 3356 providers were randomized and included in the intention-to-treat analysis, 1669 in the 
Restricted arm and 1687 in the Unrestricted arm. The analysis included a total of 12,140,298 orders, in 
4,486,631 order sessions, placed for 543,490 patients. Provider characteristics were well-balanced between 
trial arms (Table 1). Order and patient characteristics are reported in Tables 2 and 3, respectively. 
 
Table 1. Provider Characteristics 
 No. (%) of Providers 
 Restricteda 

(n = 1669) 
Unrestrictedb 
(n = 1687) 

Age, mean (SD), y   42.9 (12.7)   43.2 (12.3) 
Experience at study site, mean (SD), y     6.4 (6.0)     6.6 (6.0) 
Sex,    
 Female 935 (56.0) 959 (56.8) 
 Male 734 (44.0) 728 (43.2) 
Provider type   
  Attending physician 806 (48.3) 814 (48.3) 
  House staff 529 (31.7) 542 (32.1) 
  Mid-levelc 334 (20.0) 331 (19.6) 
Primary practice area   
 Outpatient 835 (50.0) 876 (51.9) 
 Inpatient   
  Medical/surgical 335 (20.1) 312 (18.5) 
 Pediatrics   52 (3.1)   70 (4.1) 
 Obstetrics   35 (2.1)   32 (1.9) 
 Critical care     8 (1.7)   18 (1.1) 
 Other 116 (7.0) 105 (6.2) 
 Emergency department 151 (9.0) 135 (8.0) 
 Unclassified 117 (7.0) 139 (8.2) 

a Restricted, configuration limiting to one record open at a time. 
b Unrestricted, configuration allowing up to four records open concurrently. 
c Mid-level providers include nurse practitioners and physician assistants.  
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Table 2. Order Characteristics 
 No. (%) of Orders 
 Restricted 

(n = 5,856,992) 
Unrestricted 

(n = 6,283,306) 
Order Type   
  Medications 2,630,170 (44.9) 2,888,009 (46.0) 
  Labs 1,836,048 (31.4) 1,911,116 (30.4) 
  Imaging 253,922 (4.3) 253,732 (4.0) 
 Other 1,136,852 (19.4) 1,230,449 (19.6) 
 
Table 3. Patient Characteristics 
 No. (%) of Patients 

(N = 543,490) 
Age, mean (SD), y 38.4 (4.2) 
Sex  
 Female 324,848 (59.8) 
 Male 218,642 (40.2) 
Race/Ethnicity  
 Black 159,026 (29.3) 
 White 65,240 (12.0) 
 Hispanic/Latino 123,464 (22.7) 
 Other/Unknown 195,760 (36.0) 
 
Primary Outcome 
Intention-to-Treat Analysis 
Overall, there was no significant reduction in wrong-patient orders in the Restricted versus Unrestricted arm. 
The proportion of wrong-patient order sessions in the Restricted versus Unrestricted arms was 90.7 versus 
88.0 per 100,000 order sessions, respectively (OR 1.03; 95% CI, 0.90 to 1.20; P = .60) (Table 4). Similarly, in 
subgroup analyses, we failed to find significantly fewer wrong-patient order sessions in the Restricted versus 
Unrestricted arm in any clinical setting examined, including the emergency department (OR 1.00; 95% CI, 0.83 
to 1.20; P = .96), inpatient settings (OR 0.99; 95% CI, 0.89 to 1.11; P = .86), or outpatient settings (OR 0.94; 
95% CI, 0.70 to 1.28; P = .71). Furthermore, subgroup analyses in inpatient medical/surgical, critical care, 
pediatrics, and obstetrics units did not show significantly fewer wrong-patient order sessions in the Restricted 
versus Unrestricted arm. Descriptive, order-level analysis of wrong-patient orders is presented in Table 5. 

As-Treated Analysis 
As a result of administrative errors, a total of 400 providers were not assigned to the trial arm to which they 
were randomized: 305 were assigned to the opposite arm at the beginning of the trial and remained in that arm 
throughout (185 randomized to Restricted, 120 randomized to Unrestricted); 95 switched arms during the trial 
(84 randomized to Restricted, 11 randomized to Unrestricted). Consistent with the intention-to-treat analysis, 
we did not find significantly fewer wrong-patient order sessions in the Restricted versus the Unrestricted arm in 
the as-treated analysis, overall (OR 1.03; 95% CI, 0.89 to 1.19; P = .68) or in any clinical setting. Provider 
characteristics and randomized trial results for the as-treated analysis are reported in the Tables 6 and 7, 
respectively); as-treated descriptive analysis of wrong-patient orders is presented in Table 8. 
 
Secondary Outcomes 

Provider Utilization in the Unrestricted Arm 
In the Unrestricted arm, providers placed 64% of all orders with one record open; however, provider 

utilization of the multiple records capability while placing orders varied across clinical settings. For example, 
33% of emergency department orders, 17% of inpatient orders, and 2% of outpatient orders were placed with 
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four records open (Figure 2). The frequency of RAR events with one, two, three, and four records open overall 
and by clinical location are shown in Table 9.  
 

Provider Productivity and Efficiency 
For measures of productivity, we found no significant differences between the Restricted and 

Unrestricted arms in median number of orders placed per provider per day (12.1 versus 12.2, respectively) and 
median number of patients for whom orders were placed per provider per day (4.3 versus 4.2, respectively) 
(Table 10). For measures of efficiency, there were no differences observed between trial arms, except for 
median number of key presses per provider per day (2784 Restricted versus 2959 Unrestricted, P < .0005). 
(The difference of 175 key presses between trial arms is approximately the length of the previous sentence.) 
 
Discussion 

In this large randomized comparative effectiveness trial, we did not find a significant difference in 
wrong-patient orders among providers limited to open one record at a time in the EHR compared to those 
allowed to open up to four records concurrently. Furthermore, we found no significant difference in any clinical 
setting that we examined in either the intention-to-treat or as-treated analyses. To our knowledge, this is the 
first trial to provide rigorous evidence that configuring an EHR to limit the number of patient records open to 
one at a time does not lessen the risk of wrong-patient errors or, conversely, that a configuration allowing as 
many as four records open concurrently does not increase the risk of wrong-patient errors. These results are at 
odds with expert opinion-based national patient safety recommendations to configure EHRs to limit the number 
of patient records that can be displayed at the same time to one.11 
 It has been assumed by some that allowing multiple records open in the EHR creates a hazardous 
environment where switching between patient records would potentially lead to confusion and errors, based on 
limited anecdotal evidence.15,16,23 The only prior study evaluating the safety of multiple records in an EHR was 
an interrupted time series analysis in the emergency department of a large academic medical center, which 
demonstrated no significant decrease in wrong-patient medication orders by limiting the maximum number of 
records from four to two, and no increase after transitioning back from two to four records.4 Although that study 
was limited to the emergency department and used a quasi-experimental design, the findings are consistent 
with the results of this randomized trial conducted in diverse clinical settings, in a different health system, and 
using a different EHR. 
 This trial provides novel insights into the utilization of the multiple records capability. In the Unrestricted 
arm, given the discretion to open up to four records, providers placed the majority of orders with one record 
open. However, providers in the emergency department placed nearly two-thirds of orders with two or more 
records open, and of all clinical settings placed the highest proportion of orders with the maximum of four 
records open. Emergency departments are considered high-risk clinical settings as providers care for multiple 
acutely ill patients concurrently, many of whom require complex treatment in a fast-paced environment 
characterized by frequent interruptions.24-27 Because of the demands of the environment, and the fact that 
providers in the emergency department commonly had multiple records open when placing orders, one might 
expect that limiting to one record would have the most benefit in this setting. However, our results in this 
setting showed no difference in wrong-patient orders between trial arms, with an odds ratio of 1.0. This finding 
demonstrates that even in complex, high-volume settings where providers continually switch between 
patients,28-32 the ability to open multiple records did not increase the risk of wrong-patient orders. 

In contrast to results of the randomized trial, findings in the Unrestricted arm suggest an increasing 
frequency of wrong-patient errors with two or more records open at the time of placing orders. These 
conflicting results demonstrate a classic case of the effects of confounding, i.e., one or more unmeasured 
covariates associated with both the number of records open and the outcome of wrong-patient orders. A recent 
direct observation study demonstrated that multitasking and interruptions increased the rate of prescribing 
errors;26 these factors may be the unmeasured confounders in our study. Furthermore, in our prior research, 
providers identified interruption as the primary cause of wrong-patient order errors in 81% of cases, further 
supporting the hypothesis that interruptions may be a potential confounder. The impact of multitasking, 
interruptions, and other potential human factors failure modes on the risk of wrong-patient orders warrants 
further investigation.33  
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Conclusions and Implications 
We found no evidence that an EHR configuration restricting providers to open only one patient record 

at a time lessened the risk of wrong-patient errors. These findings do not support the expert opinion-based 
national recommendations to limit the number of records allowed open in EHRs to one at a time,11,12 and 
suggest that health systems may configure EHRs to allow multiple records open without compromising safety. 
Furthermore, this trial underscores the importance of conducting randomized trials, when feasible, to evaluate 
safety interventions and recommendations. 

These results have far-reaching implications for patient safety as well as provider satisfaction (see 
Addendum below). Recent national data indicate that 96% of U.S. hospitals34 and 78% of office-based 
physicians35 have certified EHRs. With more than 1 million physicians, physician assistants, and nurse 
practitioners in the U.S. healthcare workforce36 and near universal adoption of EHR systems, EHR usability is 
receiving increasing attention. Our results suggest that health systems have flexibility in configuring their EHRs 
to accommodate the needs of their organization and of particular clinical settings. Furthermore, the Wrong-
Patient Retract-and-Reorder Measure, the primary outcome measure in this study, can be used to monitor 
wrong-patient orders over time and as changes are implemented in EHR systems, as recommended by 
ONC.11 
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Table 4. Results of Randomized Comparative Effectiveness Trial: Wrong-Patient Order Sessions (Intention-to-Treat Analysis) 

 No. of Order Sessions    

 Restricted Unrestricted 
Odds Ratio 

(95% CI) 
Restricted  

Better 
Unrestricted 
Better P value 

Overall      
 Wrong-patient order sessions per 100,000 90.7 88.0 1.03 (0.90 to 1.20)  .60 
  Wrong-patient order sessions 1980 2026    
   Total order sessions 2,183,365 2,303,266    
Emergency department      
 Wrong-patient order sessions per 100,000 157.8 161.3 1.00 (0.83 to 1.20)  .96 
 Wrong-patient order sessions 560 576    
 Total order sessions 354,882 357,047    
Inpatient      
 Wrong-patient order sessions per 100,000 185.6 185.1 0.99 (0.89 to 1.11)  .86 
 Wrong-patient order sessions 1324 1340    
 Total order sessions 713,417 723,746    
  Medical/Surgical      
 Wrong-patient order sessions per 100,000 187.9 187.8 0.98 (0.85 to 1.12)  .73 
 Wrong-patient order sessions 940 879    
 Total order sessions  500,338 467,941    
  Critical care      
 Wrong-patient order sessions per 100,000 247.8 258.2 1.04 (0.79 to 1.36)  .78 
 Wrong-patient order sessions 161 216    
 Total order sessions  64,979 83,662    
  Pediatrics      
 Wrong-patient order sessions per 100,000 122.5 139.2 1.00 (0.68 to 1.46)  1.00 
 Wrong-patient order sessions 65 111    
 Total order sessions  53,074 79,726    
  Obstetrics      
 Wrong-patient order sessions per 100,000 201.1 197.1 0.92 (0.61 to 1.38)  .68 
 Wrong-patient order sessions 85 78    
 Total order sessions  42,272 39,575    
Outpatient      
 Wrong-patient order sessions per 100,000 7.9 8.2 0.94 (0.70 to 1.28)  .71 
 Wrong-patient order sessions 86 97    
 Total order sessions 1,082,855 1,176,344    

0.5 1.5 1.0 
Odds Ratio (95% CI) 
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Table 5. Wrong-Patient Orders (Intention-to-Treat Analysis) 

 No. of Orders 
 Restricteda Unrestrictedb 
Overall   
 Wrong-patient orders per 100,000 52.2 48.0 
  Wrong-patient orders 3058 3015 
   Total orders 5,856,992 6,283,306 
Emergency department   
 Wrong-patient orders per 100,000 88.6 86.0 
 Wrong-patient orders 980 978 
 Total orders 1,106,168 1,137,774 
Inpatient   
 Wrong-patient orders per 100,000 89.5 86.7 
 Wrong-patient orders 1940 1896 
 Total orders 2,166,764 2,186,305 
  Medical/Surgical   
 Wrong-patient orders per 100,000 91.6 87.5 
 Wrong-patient orders 1387 1228 
 Total orders  1,513,368 1,403,712 
  Critical care   
 Wrong-patient orders per 100,000 117.7 120.8 
 Wrong-patient orders 215 301 
 Total orders  182,698 249,252 
  Pediatrics   
 Wrong-patient orders per 100,000 54.4 58.6 
 Wrong-patient orders 96 143 
 Total orders  176,601 243,890 
  Obstetrics   
 Wrong-patient orders per 100,000 103.1 115.3 
 Wrong-patient orders 143 149 
 Total orders  138,681 129,270 
Outpatient   
 Wrong-patient orders per 100,000 4.8 4.5 
 Wrong-patient orders 119 128 
 Total orders 2,493,182 2,820,934 

a Restricted, configuration limiting to one record open at a time. 
b Unrestricted, configuration allowing up to four records open concurrently. 
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Table 6. Provider Characteristics (As-Treated Analysis) 

 No. (%) of Providers 
 
Characteristic 

Restricteda 
(n = 1520) 

Unrestrictedb 
(n = 1741) 

Variedc 
(n = 95) 

Age, mean (SD), y 42.9 (12.7) 43.4 (12.4) 41.2 (10.5) 
Experience at study site, mean (SD), y 6.5 (6.0) 6.7 (6.0) 4.5 (5.5) 
Sex    
 Female 863 (56.8) 979 (56.2) 52 (54.7) 
 Male 657 (43.2) 762 (43.8) 43 (45.3) 
Provider type    
  Attending physician 728 (47.9) 844 (48.5) 48 (50.5) 
  House staff 485 (31.9) 562 (32.3) 24 (25.3) 
  Mid-leveld 307 (20.2) 335 (19.2) 23 (24.2) 
Primary practice area    
 Outpatient 764 (50.3) 895 (51.4) 52 (54.7) 
 Inpatient    
  Medical/surgical 327 (21.5) 310 (17.8) 10 (10.5) 
 Pediatrics 59 (3.9) 63 (3.6) 0 (0) 
 Obstetrics 25 (1.6) 39 (2.2) 3 (3.2) 
 Critical care 25 (1.6) 20 (1.1) 1 (1.1) 
 Other 105 (6.9) 107 (6.1) 9 (9.5) 
 Emergency department 126 (8.3) 149 (8.6) 11 (11.6) 
 Unclassified 89 (5.9) 158 (9.1)  9 (9.5) 
a Restricted, configuration limiting to one record open at a time. 
b Unrestricted, configuration allowing up to four records open concurrently.  
c These providers switched between arms at least once during the course of the trial period. 
d Mid-level providers include nurse practitioners and physician assistants.  
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Table 7. Results of Randomized Comparative Effectiveness Trial: Wrong-Patient Order Sessions (As-Treated Analysis) 
 No. of Order Sessions    

 Restricted Unrestricted 
Odds Ratio 

(95% CI) 
Restricted  

Better 
Unrestricted 
Better P value 

Overall      
 Wrong-patient order sessions per 100,000 90.9 87.8 1.03 (0.89 to 1.19)  .68 
  Wrong-patient order sessions 1934 2072    
   Total order sessions 2,127,162 2,359,469    
Emergency department      
 Wrong-patient order sessions per 100,000 162.1 157.2 1.05 (0.87 to 1.25)  .62 
 Wrong-patient order sessions 547 589    
 Total order sessions 337,364 374,565    
Inpatient      
 Wrong-patient order sessions per 100,000 183.6 187.1 0.97 (0.86 to 1.08)  .57 
 Wrong-patient order sessions 1295 1369    
 Total order sessions 705,368 731,795    
  Medical/Surgical      
 Wrong-patient order sessions per 100,000 189.8 185.8 1.01 (0.89 to 1.16)  .83 
 Wrong-patient order sessions 942 877    
 Total order sessions  496,254 472,025    
  Critical care      
 Wrong-patient order sessions per 100,000 225.6 275.0 0.87 (0.66 to 1.14)  .32 
 Wrong-patient order sessions 145 232    
 Total order sessions  64,279 84,362    
  Pediatrics      
 Wrong-patient order sessions per 100,000 112.2 150.5 0.73 (0.50 to 1.06)  .10 
 Wrong-patient order sessions 70 106    
 Total order sessions  62,373 70,427    
  Obstetrics      
 Wrong-patient order sessions per 100,000 208.0 192.7 1.04 (0.69 to 1.57)  .85 
 Wrong-patient order sessions 72 91    
 Total order sessions  34,617 47,230    
Outpatient      
 Wrong-patient order sessions per 100,000 8.2 8.1 0.98 (0.72 to 1.33)  .90 
 Wrong-patient order sessions 86 97    
 Total order sessions 1,054,519 1,204,680    

0.5 1.5 1.0 
Odds Ratio (95% CI) 
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Table 8. Wrong-Patient Orders (As-Treated Analysis) 

 No. of Orders 
 Restricted Unrestricted 
Overall   
 Wrong-patient orders per 100,000 52.1 48.2 
  Wrong-patient orders 2982 3091 
   Total orders 5,724,389 6,415,909 
Emergency department   
 Wrong-patient orders per 100,000 90.7 84.1 
 Wrong-patient orders 966 992 
 Total orders 1,064,611 1,179,331 
Inpatient   
 Wrong-patient orders per 100,000 88.2 88.1 
 Wrong-patient orders 1884 1952 
 Total orders 2,137,109 2,215,960 
  Medical/Surgical   
 Wrong-patient orders per 100,000 93.7 85.3 
 Wrong-patient orders 1408 1207 
 Total orders  1,502,711 1,414,369 
  Critical care   
 Wrong-patient orders per 100,000 99.2 134.3 
 Wrong-patient orders 181 335 
 Total orders  182,506 249,444 
  Pediatrics   
 Wrong-patient orders per 100,000 45.8 66.9 
 Wrong-patient orders 92 147 
 Total orders  200,712 219,779 
  Obstetrics   
 Wrong-patient orders per 100,000 106.0 111.2 
 Wrong-patient orders 121 171 
 Total orders  153,767 114,184 
Outpatient   
 Wrong-patient orders per 100,000 4.8 4.5 
 Wrong-patient orders 118 129 
 Total orders 2,435,340 2,878,776 

a Restricted, configuration limiting to one record open at a time. 
b Unrestricted, configuration allowing up to four records open concurrently. 
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Figure 2. Provider Utilization: Orders Placed with One, Two, Three, or Four Records Open in the 
Unrestricted Arm 

 
 
Table 9. Wrong-Patient Orders with One, Two, Three, or Four Records Open in the Unrestricted Arm 

 No. of Records in Use 
 1 record  2 records  3 records  4 records  
Overall     
 Wrong-patient orders per 100,000 29.2 68.3 86.1 102.5 
  95% CI 27.6–30.9 62.9–74.1 78.0–94.8 95.5–109.8 
  Wrong-patient orders 1220 577 414 804 
Emergency department     
 Wrong-patient orders per 100,000 65.6 93.5 111.6 95.3 
  95% CI 58.2–73.8 80.2–108.4 95.4–129.7 85.6–105.8 
 Wrong-patient orders 282 176 169 351 
Inpatient     
 Wrong-patient orders per 100,000 65.2 106.1 108.7 132.6 
  95% CI 60.8–69.8 95.7–117.4 95.4–123.3 120.7–145.4 
 Wrong-patient orders 828 376 240 452 
Outpatient     
 Wrong-patient orders per 100,000 4.2 8.1 4.2 1.8 
  95% CI 3.4–5.1 5.2–12.2 1.1–10.8 0.0–10.3 
 Wrong-patient orders 100 23 4 1 
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Table 10. Provider Productivity and Efficiency Resultsa,b 
 

 
 
 
  

  Restricted Unrestricted P value 
Productivity n 1669 1687  

 Orders placed, no.  12.1 (5.2–28.1) 12.2 (5.0–28.2) .95 

 Patients with orders placed, no.  4.3 (2.3–7.2) 4.2 (2.3–7.2) .79 

Efficiency n 1348 1354  

 Time on system, min.   98.5 (29.9–189.0)  97.9 (31.5–191.3) .42 

 Screen switches, no.  183 (57–385) 179 (59–388) .91 

 Mouse clicks, no.  671 (211–1349) 643 (215–1350) .52 

 Key presses, no.  2784 (338–7162) 2959 (411–7455) <.0005 

 Computer log ins, no.  6.0 (2–11) 6.0 (2–11) .84 
a Median (interquartile range) per provider per day. P values calculated using Mann-Whitney U-test. 
b Data collected for 2-month period, September 23, 2016 to November 28, 2016. 
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ADDENDUM: SURVEY OF PROVIDERS IN THE RANDOMIZED TRIAL 
Provider Survey: Methods 

We conducted a survey of all healthcare providers included in the randomized comparative 
effectiveness trial to further inform decision-making regarding the maximum number of patient records to allow 
open in EHRs. The purpose of the survey was to elicit 1) feedback about their experience during the study, and 
2) their opinions about safety and efficiency related to the maximum number of patient records allowed open in 
the configuration to which they were assigned. To gain an understanding of variations among types of 
providers and the settings in which they work, we merged the survey data with the outcomes data to correlate 
provider practice patterns with their attitudes about safety and efficiency.  

The survey was conducted before the conclusion of data collection for the randomized trial. The survey 
was created and distributed by email using REDCap, which is a secure web-based, password-protected survey 
and data management platform. All ordering providers randomized during the trial period were eligible to 
complete the survey. Research personnel generated a list of email addresses for eligible providers and 
uploaded the list into the survey system. An email was sent via REDCap to the providers with a brief 
explanation of the study and a link to the electronic survey. The first page of the survey was an electronic 
information sheet, which served as consent for participation in the survey, and included the survey purpose, 
contact information, as well as risks and benefits of participation. Providers were assured that their 
participation was voluntary and their responses would be kept confidential. Once data collection was 
completed, the study statistician downloaded the survey data, merged it with the randomized trial data, and 
replaced the actual identifiers with pseudo-identifiers. Survey items were analyzed using descriptive statistics.  
Provider Survey: Preliminary Results 

Of 3356 providers included in the randomized trial, 1236 responded to the survey for a response rate of 
37%. Respondents were evenly distributed across trial arms, with 634 respondents in the Restricted arm and 
602 in the Unrestricted arm. Overall, a significantly greater proportion of providers in the Unrestricted arm 
reported ease of use and overall satisfaction with their EHR configuration compared with providers in the 
Restricted arm (P < .001 for all comparisons) (Figure 3). Results were consistent when stratified by provider 
type (Figure 4), practice setting, and volume of orders placed. Further analysis is underway. 
 
Figure 3. Usability and Satisfaction with EHR by Randomization Arm 
 

  
P < .001 all comparisons. 
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Figure 4. Overall Satisfaction with EHR by Provider Type 

   
P < .001 all comparisons. PA, physician assistant; NP, nurse practitioner. 
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