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APPENDIX 2 - DISCUSSION 

 

We also report the association of inpatient CPOE with decreased overall radiology 

examinations. Unlike our laboratory test orders, which had a duplicate alert at the time of 

ordering for the end user, duplicate radiology orders were noted and cancelled by the 

radiology staff. It appears that the reason for the increase in duplicate radiology orders was 

one of workflow. Before CPOE implementation, there was a single chart for written orders 

for each patient. Thus, it was easy to see if a radiology examination had been ordered, and if 

another was ordered in error, the unit clerk likely would recognize the error and not enter the 

test into the system. Had the duplicate alert for radiology orders been in place for end users 

after CPOE, we likely would have found fewer erroneously ordered examinations and, 

therefore, fewer cancellations. The end result in each case was similar: fewer 

tests/examinations were completed. There are few centers who have reported a decrease in 

completed radiology tests. One report from England showed an increase in repeated ordering 

of computed tomography tests, but a reduction in overall computed tomography tests in an 

inpatient setting.
1 

As stated previously, we included several mechanisms to ensure end users 

could easily order all tests, including radiology examinations, and also included a “X-Ray 

Other” order to enter free text if the discrete order could not be located. 

We believe that a major factor in the decreased number of laboratory tests and 

radiology examinations completed was that providers were held electronically accountable 

for their orders by virtue of CPOE. Before CPOE, providers wrote orders on paper and gave 

them to the unit clerk to manage—it was no longer the provider’s problem. A similar 

sentiment was expressed in a study interviewing users regarding their attitudes to the 

electronic medical record: “Somehow it has changed the psyche of people, they are more 

aware of what they are putting in the chart. It’s almost like they didn’t really care what they 

wrote on paper, but now it’s electronic and people can read everything.”
2
 The 18% reduction 

in laboratory tests we demonstrated is even greater than the 13.7% reduction anticipated by 

CITL. However, they attributed this reduction mainly to redundancy from the lack of access 

to prior test results.
3
 Our providers had easy access to electronic laboratory and radiology 

results before our EHR implementation via a legacy system. Anecdotally, our providers’ 

feedback after CPOE implementation supported our concept of electronic accountability and 
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did not indicate that the duplicate laboratory alert had a major effect on laboratory test 

reductions; however, we would like to have demonstrated that laboratory alerts appeared less 

often than our observed laboratory test reduction in order to support our concept. 

Adverse drug events are associated with increased length of stay, increased costs
4,5

 

and an increased risk of death.
4
 As stated previously, several reports show a reduction in 

medications errors after CPOE implementation,
6-9

 with 1 recent study
10

 showing a decrease 

in hospital-wide mortality. However, not all studies have been encouraging. Han et al
11

 

reported an unexpected increase in pediatric mortality in the 5 months after implementing 

CPOE, although others
12

 using the same commercially available product, did not report such 

a finding. Further, some evidence suggests that CPOE may even trigger new types of 

medication errors.
13

 Still others have shown that adverse drug events persist even after CPOE 

has been implemented.
14 

 

Our medication events were self reported, so staff willingness to report, as well as 

possible bias toward not reporting due to time constraints when learning to use the new 

system, are certainly possible reasons our medication error rate was lower; however, errors 

did not decrease until the post-CPOE period (not in the immediate post-EHR period when the 

nurses and pharmacists were learning the new system). Our increased near miss reporting 

also argues for a true benefit. 

There are few published reports in the literature which examine overall 

implementation costs and demonstrate return on investment. These calculations are complex, 

and involve both direct and indirect costs.
15

 Some have shown a positive return on 

investment in certain aspects in ambulatory settings.
16-18

 A study tracking implementation 

costs of an EHR over three pediatric intensive care units found that costs were 35% higher 

than expected, with personnel costs contributing to 83% of the actual cost overrun.
19

 In an 

attempt to quantify the impact of implementing hospital EHRs over an entire state, a 

simulation model using cost estimates of hospitals in Iowa found that for many smaller 

hospitals it would be fiscally difficult to adopt CPOE.
20

 We did not calculate overall cost or 

return on investment for our inpatient implementation. 

 

 

  



Zlabek, Benefits of Electronic Health Records 

 

3 

 

REFERENCES 

1. Collin S, Reeves BC, Hendy J, Fulop N, Hutchings A. Implementation of computerized 

physician order entry (CPOE) and picture archiving and communication systems (PACS) in 

the NHS: quantitative before and after study. BMJ 2008:337:a939.   

2. Scott JT, Rundall TG, Vogt TM, Hsu J. Kaiser Permanente's experience of implementing an 

electronic medical record: A qualitative study. BMJ 2005;331(7528):1313-6.    

3. Walker J, Pan E, Johnston D, Adler-Milstein J, Bates DW, Middleton B. The value of health 

care information exchange and interoperability. Health Aff (Millwood) January 19, 2005. 

Available at: http://content.healthaffairs.org/cgi/content/full/hlthaff.w5.10/DC1. Accessed 

June 29, 2010. 

4. Classen DC, Pestotnik SL, Evans RS, Lloyd JF, Burke JP. Adverse drug events in 

hospitalized patients. Excess length of stay, extra costs, and attributable mortality. JAMA 

1997;277(4):301-6.   

5. Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA, et al. The costs of adverse 

drug events in hospitalized patients. Adverse Drug Events Prevention Study Group. JAMA 

1997;277(4):307-11.     

6. Bates DW, Leape LL, Cullen DJ, Laird N, Petersen LA, Teich JM, et al. Effect of 

computerized physician order entry and a team intervention on prevention of serious 

medication errors. JAMA 1998;280(15):1311-6. 

7. Bates DW, Teich JM, Lee J, Seger D, Kuperman GJ, Ma'Luf N, et al. The impact of 

computerized physician order entry on medication error prevention. J Am Med Inform Assoc 

1999;6(4):313-21.  

8. van Doormaal JE, van den Bemt PM, Zaal RJ, Egberts AC, Lenderink BW, Kosterink JG, et 

al. The influence that electronic prescribing has on medication errors and preventable adverse 

drug events: An interrupted time-series study. J Am Med Inform Assoc 2009;16(6):816-25.    

9. Shulman R, Singer M, Goldstone J, Bellingan G. Medication errors: A prospective cohort 

study of hand-written and computerised physician order entry in the intensive care unit. Crit 

Care 2005;9(5):R516-21. 

10. Longhurst CA, Parast L, Sandborg CI, Widen E, Sullivan J, Hahn JS, et al. Decrease in 

hospital-wide mortality rate after implementation of a commercially sold computerized 

physician order entry system. Pediatrics 10.1542/peds.2009-3271. Published May 3, 2010.  

http://content.healthaffairs.org/cgi/content/full/hlthaff.w5.10/DC1


Zlabek, Benefits of Electronic Health Records 

 

4 

 

11. Han YY, Carcillo JA, Venkataraman ST, Clark RS, Watson RS, Nguyen TC, et al. 

Unexpected increased mortality after implementation of a commercially sold computerized 

physician order entry system. Pediatrics 2005;116(6):1506-12. 

12. Del Beccaro MA, Jeffries HE, Eisenberg MA, Harry ED. Computerized provider order entry 

implementation: No association with increased mortality rates in an intensive care unit. 

Pediatrics 2006;118(1):290-5. 

13. Koppel R, Metlay JP, Cohen A, Abaluck B, Localio AR, Kimmel SE, et al. Role of 

computerized physician order entry systems in facilitating medication errors. JAMA 

2005;293(10):1197-1203. 

14. Nebeker JR, Hoffman JM, Weir CR, Bennett CL, Hurdle JF. High rates of adverse drug 

events in a highly computerized hospital. Arch Intern Med 2005;165(10):1111-6. 

15. McGowan JJ, Cusack CM, Poon EG. Formative evaluation: A critical component in EHR 

implementation. J Am Med Inform Assoc 2008;15(3):297-301. 

16. Grieger DL, Cohen SH, Krusch DA. A pilot study to document the return on investment for 

implementing an ambulatory electronic health record at an academic medical center. J Am 

Coll Surg 2007;205(1):89-96.   

17. Wang SJ, Middleton B, Prosser LA, Bardon CG, Spurr CD, Carchidi PJ, et al. A cost-benefit 

analysis of electronic medical records in primary care. Am J Med 2003;114(5):397-403.   

18. Patil M, Puri L, Gonzalez CM. Productivity and cost implications of implementing electronic 

medical records into an ambulatory surgical subspecialty clinic. Urology 2008;71:173-7.   

19. Randolph AG, Ogawa S. The financial impact of underestimating personnel needs associated 

with implementing a computerized patient record in the intensive care unit. J Crit Care 

2007;22(1):34-9. 

20. Ohsfeldt RL, Ward MM, Schneider JE, Jaana M, Miller TR, Lei Y, et al. Implementation of 

hospital computerized physician order entry systems in a rural state: Feasibility and financial 

impact. J Am Med Inform Assoc 2005:12:20-7. 


