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Purpose: Patients in the intensive care unit (ICU) are at an increased risk for medication errors 

(MEs) and adverse drug events from multifactorial causes. ME rate ranges from 1.2 to 947 per 

1,000 patient days in the medical ICU (MICU). Studies with the implementation of electronic 

health records (EHR) have concluded that it significantly reduced overall prescribing errors and 

the number of errors that caused patient harm decreased. However, other types of errors, such 

as wrong dose and omission of required medications increased after EHR implementation. We 

sought to compare the number of MEs before and after EHR implementation in the MICU, with 

additional evaluation of error severity.

Patients and methods: Prospective, observational, quality improvement study of all patients 

admitted to a single MICU service at an academic medical center. Patients were evaluated during 

four periods over 2 years: August–September 2010 (preimplementation; period I), January–

February 2011 (2 months postimplementation; period II), August–September 2012 (21 months 

postimplementation; period III), and January–February 2013 (25 months postimplementation; 

period IV). All medication orders and administration records were reviewed by an ICU clini-

cal pharmacist and ME was defined as a deviation from established standards for prescribing, 

dispensing, administering, or documenting medication. The frequency and classification of MEs 

were compared between groups by chi square; p<0.05 was considered significant.

Results: There was a statistically significant increase in the number of MEs per 1,000 patient 

days during time periods II (N=2,592; p<0.001) and III (N=2,388; p=0.0023) compared to 

baseline (N=1,972). However, over time there was a significant reduction in medication errors 

during period IV compared to baseline (N=1,669; p=0.0008).

Conclusion: In the short-term, EHR did not lead to a reduction in medication errors in the 

ICU; however, there was a significant decrease in medication errors after 2 years.

Keywords: electronic health record, intensive care unit, medication error, patient safety, com-

puterized physician order entry, quality improvement

Introduction
Patients in the intensive care unit (ICU) have an increased risk for medication errors 

and adverse drug events compared with non-ICU patients due to multifactorial causes, 

including complex drug regimens and complicated disease states.1–4 The medication 

error rate reported in the literature ranges from 1.2 to 947 per 1,000 patient days in 

the medical ICU (MICU).5–7 One single-center, prospective, observational study on 

errors in the MICU and coronary care unit reported 78% of serious errors involved 

medications.8 Other studies have reported medication error rates between 4.5 and 16 

errors per 100 medication orders.5,9 The focus to improve patient safety and quality 
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of health care delivery created incentives through Medicare 

and Medicaid in 2009 via the Health Information Technology 

for Economic and Clinical Health (HITECH) Act as part of 

the American Recovery and Reinvestment Act.10 Since 2015, 

eligible practices that did not have certified electronic health 

record (EHR) systems were subject to a 1% reduction in 

Medicare payments, with an increase to a maximum of up to 

5% reduction in payment for each subsequent year without 

certified programs.11 In addition, the Institute of Medicine 

and Leapfrog, an independent national organization that 

advocates to improve the quality of health care in the USA, 

published initiatives to endorse the implementation of EHR 

to improve patient care, especially computerized physician 

order entry (CPOE).12 In fact, after the establishment of the 

HITECH Act, the percentage of hospitals adopting EHR 

technology increased from 12% to 44% during 2008–2012, 

particularly with implementation of CPOE technology, which 

increased 167%.13,14

Studies evaluating EHR and CPOE implementation in the 

ICU on medication error rates have focused on prescribing 

errors and varied in regards to patient population, methodol-

ogy, definition of error rate, and study period. Furthermore, 

administration and dispensing errors with CPOE imple-

mentation have not been evaluated. Weant et al reported 

that medication errors increased by 450% in the first month 

after CPOE implementation in neurosurgical ICU, but the 

number of errors that caused patient harm decreased.15 The 

use of CPOE without decision support in a general ICU in the 

UK demonstrated significant reduction in overall number of 

errors attributed to prescribing when compared to hand writ-

ten prescribing.16 Both studies observed a change in the types 

of prescribing errors, with an increase in wrong doses and 

omission of required drugs after CPOE implementation.9,15–20

The purpose of this study was to evaluate the impact on 

medication errors in the short and long term before and after 

a comprehensive EHR system with CPOE was implemented 

at a large academic medical center.

Materials and methods
Study design
This prospective, observational study was conducted at a 

large academic medical center in an urban setting during four 

study periods: August–September 2010 (preimplementation; 

period I), January–February 2011 (2 months postimple-

mentation; period II), August–September 2012 (21 months 

postimplementation; period III), and January–February 2013 

(25 months postimplementation; period IV). The study peri-

ods were selected to evaluate changes over short and long 

periods of time post-EHR implementation, as well as based 

on research staff availability. The study was reviewed by 

Emory University Institutional Review Board as well as the 

hospital Research Oversight Committee, and was exempted 

as a quality improvement study. Charts of patients admitted 

to the MICU service during the study periods were included 

for evaluation. If patients were admitted to the MICU service 

for <24 hours, or readmitted to the MICU service after being 

transferred or discharged off the service those records were 

excluded from the study.

Prior to EHR implementation, the institution utilized a 

paper-based system, including hand-written orders for medi-

cations, laboratory, and diagnostic tests. Although results 

were available electronically, all provider notes, flowsheets, 

and medication administration records (MAR) were paper-

based. The transition to a new EHR system, including CPOE, 

electronic pharmacy order verification, and barcode-scanning 

medication administration technology occurred on October 

31, 2010. After that all patient-related health information 

was processed and stored electronically. The institution 

implemented Epic Systems Corporation as its EHR software. 

Hospital wide training sessions were required for every health 

care provider prior to the initiation of the EHR with CPOE 

system. Inpatient physicians were required to complete 

4 hours of training, pharmacists 2 days, and nurses 3 days 

of training. For 3 weeks during the implementation process, 

“super-users” were available in all clinical areas at all times.

Super-users were health care providers who underwent 

additional training to assist colleagues when needed to 

deliver effective patient care. For the purposes of this study, 

a chart review for each patient was conducted by a clinical 

pharmacist or pharmacy student during all study periods 

until ICU discharge or death to assess for medication errors. 

If a patient was transferred out of the ICU, the clinical 

pharmacist reviewed the transfer orders as well. Patients’ 

demographics included: sex, age, race, ICU admitting diag-

nosis, ICU length of stay, and Acute Physiology and Chronic 

Health Evaluation (APACHE) II scores. APACHE II is a 

severity of disease classification system that uses a point 

score based upon initial values of 12 routine physiologic 

measurements, age, and previous health status to provide a 

general measure of severity of disease. An increasing score 

(range 0–71) is closely correlated with the subsequent risk 

of hospital death.21 While the next versions of APACHE 

scoring system (III and IV) are available, at the time of the 

study version II was commonly used. Medication errors 

were categorized by definitions established by the National 

Coordinating Council for Medication Error Reporting and 
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Statistics
Continuous variables (length of stay, patient age, APACHE 

score) were compared between the four time periods using 

analysis of variance tests. Chi-square tests were used to com-

pare categorical variables between groups or in a few cases 

a Fisher’s exact test was used as an alternative due to small 

numbers. Instead of absolute numbers, the main outcome 

(medication errors) was compared univariately as a rate (errors 

per 1,000 ICU days) to account for different ICU days between 

time periods. The rate per 1,000 days was calculated by divid-

ing the number of medication errors by the number of patient 

ICU days recorded during that period and then multiplied by 

1,000. Each of the Chi-square tests compared the rate of one 

study period to the reference period of August–September 

2010. To account for possible confounding, multivariable mod-

els compared the difference in rates between each study period 

compared to the reference period, controlling for APACHE 

Category B:
An error occurred but
the error did not reach
the patient (An "error

of omission" does reach
the patient)

Category C:
An error occurred that

reached the patient but did
not cause patient harm

Category D:
An error occurred that

reached the patient and
required monitoring to

confirm that it resulted in no
harm to the patient and/or

required intervention to
preclude harm

Category E:
An error occurred that
may have contributed

to or resulted in temporary
harm to the patient and

required intervention

Category F:
An error occurred that may

have contributed to or
resulted in temporary harm
to the patient and required

initial or prolonged
hospitalization

Category H:
An error occurred that

may have contributed to or
resulted in permanent

patient harm

Category I:
An error occurred that

may have contributed to
or resulted in the
patient’s death

Category H:
An error occurred that
required intervention

necessary to sustain life

Category A:
Circumstances or

events that have the
capacity to cause error

NCC MERP Index for Categorizing Medication Errors

Definitions
Harm
Impairment of the
physical, emotional, or
psychological function or
structure of the body
and/or pain resulting
therefrom.

Monitoring
To observe or record
relevant physiological
or psychological signs.

Intervention
May include change
in therapy or active
medical/surgical
treatment.

Intervention
Necessary to
Sustain Life
Includes cardiovascular
and respiratory support
(e.g., CPR, defibrillation,
intubation, etc.)

No Error Error, No Harm Error, Harm Error, Death

Figure 1 Definition of severity of errors.
Notes: Reproduced from National Coordinating Council for Medication Error Reporting and Prevention. NCC MERP index for categorizing medication errors. Available from: 
http://www.nccmerp.org/. Accessed April 30, 2017. © 2001 National Coordinating Council for Medication Error Reporting and Prevention. All Rights Reserved.22

Prevention Taxonomy (Figure 1).22 An agreed upon list of 

organization-specific operational definitions of medication 

errors was developed to ensure consistency among review-

ers (Table 1).

Outcomes
The main outcome was the rate of medication errors before 

and after EHR implementation, defined as number of 

medication errors per 1,000 patient days. Other outcomes 

evaluated were the type of medication errors, the origin of 

the error (i.e., prescribing, dispensing or administration), 

and the severity of medication errors pre- and post-EHR 

implementation. In addition, the percent change in errors 

not detected and reached a patient, and errors that were 

discovered and resolved prior to reaching the patient (i.e., 

“near-misses”) were evaluated before and after the EHR 

implementation.
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Medication error type Definition Origin of error

Prescribing Dispensing Administration

Missed dose If pt was not on the floor (in OR or procedure per RN documentation) 
then missed doses do not count

Dose unavailable Drug not given. Does not include late doses. RN documents that dose is 
unavailable from pharmacy or Pyxis MedStation™

X

Dose available, not given If RN does not document a reason for missing a dose then choose 
this one

X

Incomplete orders
Missing order elements Missing dose, or frequency. This error does not happen with Epic 

software
X

Noncompliance with 
policy

Do not have BP goal for a pressor
Do not have an indication for PRN medication
Do not have a pain score if there are multiple pain medications

X

No drug/laboratory monitoring*
Drug* Missing a level when there should be monitoring. Primarily applies to 

vancomycin and aminoglycosides
X

Laboratory* Missing a laboratory report when there should be monitoring. Examples:
Checking anti-Xas with heparin
Checking aPTTs with DTI 
Absolute neutrophil count with neutropenia

X X

Wrong dosage 
formulation*

Picked an XL formulation when the pt has an NG tube.
Picked IV injection instead of IVBP (i.e., vancomycin 1 g injection vial 
instead of 1 g/200 mL IVPB; other examples are magnesium, ceftriaxone, 
cefazolin, etc.)

X

MAR discrepancies*
Missing medication on 
MAR*

Patient was supposed to be on a medication but never got on MAR. 
This only happened in the pre-Epic software

X 

Medication not 
discontinued from MAR*

Drug therapy that was supposed to be discontinued from MAR that was 
not. This would be found under the intervention category of medication 
reconciliation during transitions of care

X

Wrong medication* Patient initiated on a medication that was inappropriate for their 
condition (this would be a clinical recommendation intervention where 
a pharmacist recommended a more appropriate therapy such as ABX or 
antihypertensive, etc.)

X

Wrong patient* Wrong patient prescribed, dispensed or given medication X X X

Wrong dose* Wrong dose prescribed for patient based on condition, renal function, 
etc. (this might be found under wrong dose intervention or renal dose 
adjustment intervention)

X

Wrong frequency* Wrong frequency prescribed for patient based on condition, renal 
function, etc. (this might be found under wrong frequency intervention 
or renal dose adjustment intervention)

X

Wrong route of 
administration.*

Drug given via inappropriate route. IM Vitamin K, IM ceftriaxone instead 
of IV

X

Allergy to medication* Patient had an allergy to a medication that he/she was prescribed. We 
knew of the allergy prior to prescribing (unless there is a documentation 
that it is ok per MD to give the medication)

X X X

Duplicate therapy/
medication*

Patient had either the same drug on their MAR twice or similar drugs 
that achieve the same effect (e.g., pt on zosyn and meropenem)

X X

Untreated indication* Patient with a condition that is not treated (e.g., pt with seizure history 
but not on their seizure medications, pt with CHF not on an ACEI, no 
DVT or stress ulcer prophylaxis, etc.)

X

Medications w/o an 
indication*

Patient on a medication with no clear indication (i.e., stress ulcer 
prophylaxis present but not indicated)

X

Inappropriate drug 
selection*

Would be under clinical recommendation intervention or adherence to 
pathways/guidelines

X

Table 1 Medication error classifications and operational definitions

(Continued)
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score, patient age and race. Only APACHE score was found 

to be important, however, so the final model reported only 

includes the score and the study period. Negative binomial 

regression models were used to account for over-dispersion. 

p<0.05 indicated statistical significance. All data were entered 

in a Microsoft© Access database and statistical analysis was 

performed using SAS software.

Results
A total of 673 patients were evaluated during the study peri-

ods. The median age was similar among the four study peri-

ods as well as the sex and primary ICU diagnoses (Table 2). 

Pulmonary conditions were the most common indication for 

ICU admission during all study periods. Patients in period II 

had a higher median APACHE II score compared to period I 

(24 vs 18; p<0.01), whereas there was no difference in period 

III (18 vs 18; p=0.939) and period IV was significantly lower 

(17 vs 18; p=0.013). Although there was no significant dif-

ference between periods in the overall ICU length of stay 

(LOS), there was an increase in median ICU LOS in period 

II compared to period I (5 vs 4; p=0.027).

For the primary outcome, the overall medication error 

rate was significantly higher in periods II and III compared 

to period I (p<0.0001 and p=0.0023, respectively) and sig-

nificantly lower in period IV (p=0.008, Table 3). The most 

common origin of errors during period I was prescribing 

Medication error type Definition Origin of error

Prescribing Dispensing Administration
Medication given wrong time
Early (>1 hour) X

Late (>1 hour) X
Discontinued medication 
given*

Medication that was discontinued from the MAR given. This only 
happened in the pre-Epic software period

X

Total

Notes: *Need to review documented pharmacy interventions to find these errors.
Abbreviations: BP, blood pressure; MAR, medication administration records; pt, patient; OR, operating room; RN, registered nurse; PRN, pro re nata; aPTT, activated 
partial thromboplastin time; DTI, direct thrombin inhibitor; XL, extended release; IV, intravenous; IVPB, intravenous piggy-bag; NG, nasogastric; IM, intramuscular; MD, 
Doctor of Medicine; CHF, congestive heart failure; ACEI, angiotensin-converting-enzyme inhibitor; DVT, deep venous thrombosis; ABX, antibiotics; w/o, without.

Table 1 (Continued)

Table 2 Patient demographics

Period I 
(Aug to 
Oct 2010) 
n=151

Period II 
(Jan to 
Feb 2011) 
n=145

Test 
statistic

p-value# Period III 
(Aug to 
Sept 2012) 
n=170

Test 
statistic

p-value# Period IV 
(Jan to 
Feb 2013) 
n=207

Test 
statistic

p-value#

Median age, years 
(IQR)

54 (45–65) 53 (43–62) −0.67 0.497 54 (45–63) −0.47 0.683 55 (46–65) 0.18 0.785

Sex, % males 53 52 0.0468 0.8288 54 0.0097 0.9216 53 0.0145 0.9041
Race/ethnicity, % 7.068 0.0292* – 0.2024 7.913 0.0191*
 African American 86.1 88.3 79.4 78.3
 Caucasian 12.6 6.2 16.5 14
 Hispanic/Latino 1.3 4.1 1.8 2.4
 Other 0 1.4 2.4 5.3
Primary admitting 
diagnosis, %

27.945 <0.01** 25.749 <0.01** 20.694 <0.01**

 CNS 11.3 9 18.2 10.6
 CV 24.5 22 17 15.9
 Pulmonary 17.9 42.8 24.1 25.6
 GI/Renal 11.9 5.5 13.5 19.8
 Sepsis 16.6 13.1 19.4 18.8
 Other 17.9 7.7 6.5 9.2
Median ICU LOS, 
days (IQR)

4 (3–7) 5 (3–9) 3.03 0.027* 3 (2–6) −0.85 0.383 3 (2–6) −0.93 0.371

Median APACHE II 
score (IQR)

18 (14–24) 24 (17–32) 4.81 0.000005** 18 (12–25) −0.07 0.939 17 (11–22) −2.35 0.013*

Notes: #p-value compared to first period; *p<0.05, **p<0.01.
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; CNS, central nervous system; CV, cardiovascular; GI, gastrointestinal; ICU LOC, Intensive 
Care Unit length of stay; IQR, interquartile range.
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errors (44%), which significantly decreased in all post-

EHR implementation study periods (39.1%, 18.5%, 18.5%, 

p<0.001). Interestingly, administration errors increased dur-

ing all the three post-EHR implementation periods compared 

to the pre-EHR implementation period (Table 4). The differ-

ent types of medication errors are listed in Table 5. During 

the pre-EHR implementation phase, the most common types 

of errors were MAR discrepancies (18.8%), incomplete 

orders (15.3%), and missed doses when the medication was 

available (14.1%). In the post-EHR implementation peri-

ods, these errors were significantly decreased (p<0.0001). 

The most common types of errors during the post-EHR 

implementation phases were missed doses because of not 

being available from pharmacy (35.3%) and medications 

administered at the wrong time (18.9%), defined as either 

1 hour early or later than the scheduled time. Although the 

number of errors that reached a patient increased in all post-

EHR implementation periods, the errors were not severe, 

did not require an intervention, and did not result in harm. 

The percent of errors in severity category B (“near-misses”) 

decreased in all post-EHR periods but increased in period 

IV compared to periods II and III. The percent of errors in 

category D and E was lower in all post-EHR implementation 

periods compared to period I (Table 6).

The final multivariate analysis revealed that for every 1 

point increase in APACHE score, the medication error rate 

was found to increase by 1.3% (multiplicative effect of 1.013, 

95% CI of 1.007–1.020). Periods II and III had slightly higher 

error rates than the baseline period but these differences were 

not found to be statistically significant (p-values of 0.37 and 

0.59, respectively). Period IV was found to be statistically 

different than the baseline period; the error rate was 24% 

lower than the baseline period (0.761, 95% CI [0.65–0.89]) 

controlling for APACHE II scores (Table 7). Models control-

ling for age and race (not shown) found those factors were 

not significant or important confounders and so were left out 

of the final model.

Discussion
Based on the results of this study, implementation of EHR 

revealed an increase in medication errors immediately post-

implementation but, importantly, significant reduction in 

more severe errors. However, additional analysis controlling 

for severity of illness found that there was no increase in med-

ication errors immediately postimplementation.  However, 

there was a reduction in medication error after 2 years. This 

study reveals several unique findings. First, the increase in 

medication errors found early in the roll out period could be 

related to challenges related to a lack of familiarity with a 

new system and also the increased detectability because of 

electronic charting highlighting the timing of drug adminis-

tration that is computerized instead of nursing charting. Sec-

ond, there was decrease in prescribing errors likely related to 

more legible orders. Finally, there was a significant decrease 

in medication errors over a long period of time that has not 

been previously reported. During the timeframe of this study, 

the use of an EHR was fairly new but was  becoming more 

widely implemented. The findings of this study are likely due 

to improvement in the implementation process. This study 

was conducted after several previous studies revealed issues 

Table 4 Medication errors by type

Origin of Error Period I 
(Aug to 
Oct 2010) 
n=1,749

Period II 
(Jan to 
Feb 2011) 
n=2,862

Test 
statistic

p-value# Period III 
(Aug–Sept 
2012) 
n=2,238

Test 
statistic

p-value# Period IV 
(Jan–Feb 
2013) 
n=1,769

Test 
statistic

p-value#

Prescribing errors n, (%) 769 (44.0) 1,119 (39.1) 10.65 <0.01** 415 (18.5) 303.97 <0.01** 327 (18.5) 266.27 <0.01**
Dispensing errors n, (%) 459 (26.2) 24 (0.8) 747.15 <0.01** 115 (5.1) 354.83 <0.01** 94 (5.3) 290.80 <0.01**
Administration errors n, (%) 521 (29.8) 1,719 (60.1) 398.31 <0.01** 1,708 (76.3) 862.24 <0.01** 1,348 (76.2) 760.78 <0.01**

Notes: Refer Table 1 for definition of errors. #p-value compared to first period; **p<0.01.

Table 3 Medication error rate

Total ICU days Total number of 
errors

Number of errors per  
1,000 patient days

Test statistic p-value

Period I 888 1,749 1,972 – Reference group#

Period II 1,103 2,862 2,592 22.22 <0.0001**
Period III 937 2,238 2,388 9.33 0.0023**
Period IV 1,060 1,769 1,669 11.36 0.0008**

Notes: #p-value compared to first period; *p<0.05, **p<0.01. Period I (Aug to Oct 2010), Period II (Jan to Feb 2011), Period III (Aug to Sept 2012), Period IV (Jan to Feb 2013).
Abbreviation: ICU, intensive care unit.
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Table 5 Medication error classification

Period I,  
n (%); n=1,749

Period II,  
n (%); n=2,862

Period III,  
n (%); n=2,238

Period IV,  
n (%); n=1,769

Test 
statistic

p-value

Missed dose 334 (19.1) 1,116 (39) 419 (18.7) 252 (14.2) 486.43 <0.01**
 Dose available, not given 246 (14.1) 100 (3.5) 85 (3.8) 43 (2.4) 312.13 <0.01**
 Dose unavailable 88 (5) 1,016 (35.5) 334 (14.9) 209 (11.8) 802.49 <0.01**
Incomplete orders 268 (15.3) 25 (0.87) 94 (4.2) 20 (1.1) 581.53 <0.01**
 Missing order elements 185 (10.6) 6 (0.21) 86 (3.8) 16 (0.9) 397.23 <0.01**
 Noncompliant with institution policy 83 (4.7) 19 (0.66) 8 (0.4) 4 (0.2) 197.99 <0.01**
No drug monitoring 20 (1.1) 2 (0.07) 1 (0.04) 0 (0) NA <0.01**

No laboratory monitoring 0 (0) 0 (0) 3 (0.1) 0 (0) NA 0.0342*
Wrong dosage formulation 13 (0.74) 125 (4.4) 62 (2.8) 26 (1.5) 67.45 <0.01**
MAR discrepancy 329 (18.8) 45 (1.6) 11 (0.49) 1 (0.06) 1,056.66 <0.01**
 Medication not discontinued from MAR 204 (11.7) 2 (0.1) 2 (0.09) 0 (0) 794.71 <0.01**
 Missing medication on MAR 125 (7.1) 43 (1.5) 9 (0.4) 1 (0.06) 292.44 <0.01**
Wrong medication 22 (1.3) 14 (0.5) 0 (0) 1 (0.06) 43.50 <0.01**
Wrong patient 9 (0.51) 1 (0.03) 1 (0.04) 0 (0) NA <0.01**
Wrong dose 191 (10.9) 144 (5) 64 (2.9) 51 (2.9) 158.43 <0.01**
Wrong frequency 72 (4.1) 136 (4.8) 36 (1.6) 35 (2) 52.31 <0.01**
Wrong route of administration 24 (1.4) 6 (0.2) 12 (0.5) 5 (0.3) 30.17 <0.01**
Allergy to medication 10 (0.6) 17 (0.6) 7 (0.3) 12 (0.7) 2.91 0.4054

Duplicate therapy 79 (4.5) 375 (13.1) 106 (4.7) 108 (6.1) 173.25 <0.01**
Untreated indication 24 (1.3) 94 (3.3) 15 (0.7) 17 (1) 61.89 <0.01**
Medications without indication 113 (6.5) 113 (4) 17 (0.8) 43 (2.4) 106.29 <0.01**
Inappropriate drug selection 55 (3.1) 67 (2.3) 39 (1.7) 23 (1.3) 16.41 <0.01**
Discontinued medication given 28 (1.6) 39 (1.4) 14 (0.6) 0 (0) 32.61 <0.01**
Medication administered at the wrong time 155 (8.9) 541 (18.9) 1,310 (58.5) 1,170 (66.1) 2,113.75 <0.01**
 >1 hour early 30 (1.7) 42 (1.5) 96 (4.3) 114 (6.4) 106.99 <0.01**
 >1 hour late 125 (7.2) 499 (17.4) 1,214 (54.2) 1,056 (59.7) 1,873.39 <0.01**

Notes: Refer Table 1 for definition of errors. *p<0.05, **p<0.01. Period I (Aug to Oct 2010), Period II (Jan to Feb 2011), Period III (Aug to Sept 2012), Period IV (Jan to Feb 2013).
Abbreviations: MAR, medication administration records; NA, not applicable.

with EHR implementation. Our favorable results are likely 

due to awareness of implementation process challenges that 

were addressed proactively during the system change. The 

fact that it took 2 years to see a significant reduction in medi-

cation errors brings to the forefront the need for a constant, 

multidisciplinary evaluation of EHR system to optimize its 

use. All providers at the institution underwent multiple hours 

of classroom and online training, and training was tailored to 

each provider type, which may have increased the effective-

ness of the training sessions. The major difference from this 

implementation from older studies was the technical support 

by specific health care providers as “super users”. There were 

specialty trained nurses, pharmacists, and physicians who 

Table 6 Severity of errors

Period I,  
n (%); n=1,749

Period II,  
n (%); n=2,864

Period III,  
n (%); n=2,238

Period IV,  
n (%); n=1,769

Test 
statistic

p-value

Category A 4 (0.2) 29 (1) 45 (2) 4 (0.2) 1,280.79 <0.0001**
Category B 529 (32.3) 348 (12.2) 154 (6.9) 169 (9.6)
Category C 1,015 (58) 2,459 (85.9) 2,037 (91) 1,576 (89.1)
Category D 185 (10.6) 23 (0.8) 1 (0.04) 4 (0.2)
Category E & up 16 (0.9) 3 (0.1) 1 (0.04) 0 (0)

Notes: Refer Figure 1 for definition of severity. **p<0.01.  Period I (Aug to Oct 2010), Period II (Jan to Feb 2011), Period III (Aug to Sept 2012), Period IV (Jan to Feb 2013).

Table 7 Multivariate analysis: regression results@

Variable Effect$ 95% confidence 
interval

p-value

APACHE II (1 point increase) 1.013 1.007 1.020 <0.0001**
Period II (vs I) 1.079 0.913 1.276 0.3713
Period III (vs I) 1.046 0.891 1.228 0.5856
Period IV (vs I) 0.761 0.650 0.891 0.0007**

Notes: Period II (Jan to Feb 2011), Period III (Aug to Sept 2012), Period IV (Jan to 
Feb 2013). Models controlling for age and race (not shown) found those factors were 
not significant or important confounders and so were left out of the final model. 
Multivariate analysis revealed that for every 1 point increase in APACHE score, the 
medication error rate was found to increase by 1.3% (multiplicative effect of 1.013, 
95% CI of [1.007–1.020]). Period IV was found to be statistically different than the 
baseline period; the error rate was 24% lower than the baseline period (0.761, 95% 
CI [0.65–0.89]) controlling for APACHE II scores. @Based on a negative binomial 
regression model. $Multiplicative effect on the mean error rate. **p <0.01.
Abbreviation: APACHE II, Acute Physiology and Chronic Health Evaluation II.
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were readily available to assist each specific user in their real 

time needs, instead of an information technician who may 

not be familiar with the workflow needs. The availability of 

super-users who could help as needed during active clinical 

care may have helped to decrease provider errors and mitigate 

any delays in patient care associated with a new care system, 

while also increasing acceptance of the new EHR system. 

As various types of EHR are being implemented, this is a 

key feature that is most generalizable that will likely provide 

the most benefit.

The type, severity, and origin of errors post-EHR 

implementation decreased significantly especially in the 

prescribing and dispensing error rates. However, during 

the study period administration errors increased. These 

may be attributed to prebuilt drug orders and order sets 

that limit the prescribers’ ability to commit prescribing 

errors as well as barcode-scanning technology that allows 

for improved documentation of administration times and 

therefore increased detection of administration errors. The 

decrease in prescribing errors in this study is similar to the 

findings in a previously published study from the UK that 

demonstrated a significantly lower overall number of errors 

attributed to prescribing when compared to hand written 

orders in a general ICU population.16 This study also cor-

roborates the findings from other studies that administration 

errors contribute significantly to errors in the medication use 

process. These studies reported that administration errors are 

the second most common source of errors after prescribing 

errors in the ICU.23,24 In fact, 40% of all errors that reached 

a patient occurred during the administration stage.8 These 

findings emphasize, as George et al recognized, the role of 

nurses at promoting patient safety by preventing medication 

errors in the ICU as well as the need to focus efforts to help 

nurses achieve these goals.25

Undoubtedly, the role of technology to minimize the 

risk of errors throughout the entire medication use process 

has been increasing and continues to evolve as emphasis is 

placed on quality and patient safety; however, the overall 

benefits when evaluating direct clinical patient outcomes, 

such as mortality and length of stay, remain conflicting.26–33 

This may be the result of varying study designs as there is 

a variability in the duration of study periods, patient popu-

lation, and definition of an error, and as such the need to 

conduct more well-designed studies in this area is evident. 

The study conducted at the same institution, around the same 

time, demonstrated that EHR implementation was associated 

with reduced severity-adjusted mortality and supported the 

hypothesis that EHR use may improve outcomes in critically 

ill patients.34

This study has several strengths. It was conducted over 

several years therefore we are able to demonstrate the evolu-

tion of errors over time related to the implementation and 

utilization of EHR. In addition, we evaluated the whole medi-

cation ordering process; therefore, we were able to provide 

a comprehensive picture of where the errors occur as well 

as the shifts in errors related to EHR implementation. The 

prospective evaluation of charts and MARs daily also allowed 

for the maximum detection of errors, as medication-related 

errors tend to be underreported.

Our study has several limitations as well. One limitation 

is instrumentation bias during the chart review process as 

much of the data collected after EHR implementation was 

electronic versus manual prior to EHR. In addition, we did 

implement a review board to adjudicate each error for sever-

ity and categorization, therefore, bias in the classification 

of the errors could occur, despite the development of a list 

of operational definitions. Finally, the study was over four 

discrete time periods rather than continuous data.

Although many studies conducted in adult patients in the 

ICU have reported that a reduction of medication errors and 

preventable adverse drug events occurred after implementing 

technology, many other factors, including human error and 

system failures contribute to the complexity in the medication 

use process that result in a medication error. Technology does 

not eliminate medication errors. Implementing EHR technol-

ogy significantly changes the origin, types, and severity of 

errors in the entire medication use process.

Conclusion
This study demonstrates that implementation of EHR did not 

result in an increase of medication errors after accounting 

for severity of illness; however, a true reduction in medica-

tion errors did not happen until ~2 years later. The origin, 

types, and severity of errors significantly changed post-EHR 

implementation
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