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Abstract

Electronic prescribing can reduce certain types of medication errors but can also facilitate new types of errors.
Internal prescription discrepancies arise when information in the structured (dose, frequency) fields conflicts with
instructions given in the free-text field on the prescription, and are unique to electronic prescribing. It is not known
whether internal prescription discrepancies lead to adverse events.

We have conducted a case-control study to determine whether internal discrepancies in warfarin prescriptions
are associated with an increased risk of hemorrhage. We compared frequency of internal discrepancies in warfarin
prescriptions between 573 patients admitted for a major hemorrhage and 1,719 controls. In multivariable analysis
case patients had the odds of 0.61 of having an internal discrepancy in the most recent warfarin prescription (p =
0.045) compared to controls.

Consequences of EMR errors may not be obvious. Studies that directly examine clinical outcomes are necessary
to identify categories of EMR errors likely to cause patient harm.

Background

Electronic medical records are widely promoted by independent and federal agencies for their potential to
improve quality of patient care'”. In particular, a number of researchers have demonstrated that electronic medical
records can reduce certain types of medication errors and adverse drug events®’. On the other hand, controversy
remains whether this effect of electronic medical records is uniform. Studies have shown that suboptimal design and
{Oor implementation of electronic medical records can lead to increases in medication error rates and even mortality®

One particular unintended consequence of using electronic medical records to prescribe medications that our
group and others have identified is internal prescription discrepancies'"'?. These arise from conflicts between two
main functional components of electronic prescribing interfaces: a) a set of structured fields (e.g. medication, dose,
frequency) required for decision support and b) free-text instruction fields that allow flexibility needed to tailor
prescriptions to the individual patients' circumstances. The conflict arises when the information in structured fields
contradicts information in the free-text field in the same prescription.

Internal prescription discrepancies are found in as many as 1 in 6 prescriptions with free-text fields. They are
even more common in medications, such as warfarin, insulin and digoxin, that are associated with a particularly high
risk for adverse drug events". Internal prescription discrepancies could conceivably lead to adverse drug events if
the patient follows the wrong set of instructions''. However, it is not known whether they actually result in adverse
outcomes. We have therefore conducted this study to determine whether internal discrepancies in warfarin
prescriptions are associated with an increased risk of major hemorrhage.

Methods
Design

We conducted a case-control study to establish whether internal discrepancies in EMR prescriptions for
warfarin are associated with higher incidence of major hemorrhage. We compared the prevalence of internal
discrepancies in warfarin prescriptions between patients who had a major hemorrhage during the study period
(cases) and patients who did not (controls).

Study Cohort

Patients at the Brigham and Women's Hospital and Massachusetts General Hospital who had warfarin on their
active medication list between 2000 and 2008 were studied. Patients who were admitted to either hospital while
having warfarin on their active medication list with an admission diagnosis of a hemorrhage were included in the
case group. Controls were selected from among patients who were matched by age and the HEMORR,HAGES
hemorrhage risk score'* to a case patient and had an active warfarin prescription at the time of the case patient's
hospitalization but did not have a hemorrhage during the study period. HEMORR,HAGES score includes patient
age, creatinine level, history of liver disease, history of alcohol abuse, history of malignancy, platelet count, history
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of prior hemorrhage, history of hypertension, history of anemia, history of dementia or Parkinson's disease and
history of stroke. HEMORR,HAGES score can vary from O to 11 with most patients usually falling below 5.
Patients were matched by HEMORR,HAGES score either if both had a score > 5 or if their HEMORR,HAGES
score was identical, consistent with the original stratification scheme used to validate the score'. Three control
patients were selected for each case patient to increase the power of the analysis. If more than three patients matched
a case patient by HEMORR,HAGES score, patients with a warfarin prescription dated closest to the case patient's
date of hospital admission were selected to reduce a possible temporal effect on hemorrhage risk.

Study Measurements

Presence of an internal discrepancy in the electronic warfarin prescription served as the primary outcome
variable. A prescription was marked as having an internal discrepancy if the information contained in structured
medication name, route, dose, frequency, strength and form contradicted the information in the free-text Special
Instructions field as previously described'' (Figure 1). Discrepancies were identified through manual review of de-
identified prescriptions by a trained senior pharmacy student who was blinded to the case / control assignments.

Based on our previously published analysis of distribution of internal prescription discrepancies, we also
determined whether each prescription was describing a complex regimen. A prescription was identified as describing
a complex regimen if either the dose or frequency of the medication prescribed changed over time. Our previous
analysis showed that this type of prescriptions was particularly prone to internal discrepancies''.

History of the conditions included in the calculation of the HEMORR,HAGES score was identified based on
the ICD9-CM billing codes prior to the date of the case patient's hospital admission for hemorrhage. At least one
inpatient or two outpatient billing codes were required to establish each diagnosis. Highest creatinine level during
the study period prior to the hemorrhage date was used for the score calculation.

Figure 1

Example of an EMR Medication Record with an Internal Discrepancy
¢ PENTASA (MESALAMINE CAPSULE) 500MG CAPSULE SA
Sig: 1 CAPSULE SA {500 MG) PO TID

Basic Variable|i\|temate|

Dose Strength & Form, Take Frequency
C PRN: O]
O : — Duration; | day(s)
® 500 MG | 500MG CAPSULE SAtake 1 v TID ~| Dispense 540 ||Capsulels) v
O Refills: |3
O Start Date:T |06/28/2007 | 3 112/
End Date:

Special Instructions
Take two tablets three times a day instead of Asacol

The figure illustrates an example of an internal discrepancy between strength and form indicated in the structured
Strength & Form field ("500MG CAPSULE SA take 1") and the same information in the free-text Special
Instructions field ("Take two tablets").

Study Environment

The study was conducted at Partners HealthCare System. Partners HealthCare is an integrated healthcare
delivery network in eastern Massachusetts that includes founding members Brigham and Women’s Hospital and
Massachusetts General Hospital as well as several community hospitals and affiliated private practices. This study
included medication records from Longitudinal Medical Record (LMR) — an internally developed CCHIT-certified
EMR used by the majority of providers at Partners HealthCare. LMR medication screen includes a combination of
structured fields (e.g. Dose, Frequency) and a free-text field (Special Instructions). Information in the structured
fields is usually entered by selecting a medication-specific dictionary value from a dropdown list while the Special
Instructions field places no restrictions on the text that can be entered. In addition to the Basic medication entry
screen that assumes constant dose and frequency over the course of treatment, LMR also provides more advanced
medication entry screens (e.g. Variable, Alternate and Sliding Scale) that allow to enter a regimen whose dose /
frequency change over time. Warfarin prescriptions are written either by physicians or by clinical pharmacists in a
central anticoagulation clinic under the supervision of a physician. Both physicians and clinical pharmacists
prescribing warfarin have full access to the patients' medical records. Patients primarily fill prescriptions in
community pharmacies that are not affiliated with Partners HealthCare and do not have access to the patients'
electronic medical records.
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Data Sources

Data were obtained from the electronic medical record system at Partners HealthCare. Demographic
information, medication records, laboratory results and problem list were obtained from Quality Data Warehouse
(QDW) at Partners HealthCare. Billing data and DRG codes were obtained from Research Patient Data Registry
(RPDR) at Partners HealthCare.

Statistical Analysis

Summary statistics were constructed by using frequencies and proportions for categorical data and by using
means, standard deviations, medians and ranges for continuous variables. Univariate associations between
continuous variables were assessed using two-sided t-test. Univariate associations between categorical variables
were evaluated using chi-square test.

To determine the relationship between major hemorrhage and internal discrepancies in warfarin prescriptions
we constructed a multivariable conditional logistic regression model that included all of case and control patients.
Case assignment (i.e. major hemorrhage) served as the primary outcome variable. Presence of internal discrepancy
in the most recent warfarin prescription prior to the hemorrhage date served as the primary predictor variable.
Presence of a "complex regimen" in the most recent warfarin prescription prior to the hemorrhage date served as the
confounder variable. Risk factors for hemorrhage were not included in the model as the patients were already
matched by the HEMORR,HAGES score. All analyses were performed with SAS statistical software, version 9.2
(SAS Institute, Cary, NC).

IRB
The study protocol was reviewed and approved by the Partners Human Research Committee.

Results

Study Cohort

We identified 573 patients on warfarin who were admitted for hemorrhage to Brigham and Women's Hospital or
Massachusetts General Hospital between 2000 and 2008. We subsequently selected 1,719 patients on warfarin who
did not have an admission for hemorrhage during the study period into the control group. Characteristics of the
patients in case and control groups are listed in Table 1. The mean difference between overall HEMORR,HAGES
scores for case and corresponding control patients was 0.045 (standard deviation 0.27). Case patients were more
likely to have a history of prior hemorrhage, or anemia, and less likely to have a history of dementia or Parkinson's
disease. Case patients also had slightly higher serum creatinine and were more likely to have Medicare or Medicaid
as their health insurance. None of the other clinical or demographic characteristics showed a statistically significant
difference. Gastrointestinal tract was the most common site of hemorrhage among the case patients (Table 2).

Table 1
Patient Characteristics
Variable Cases Controls P-value

Study patients, n 573 1,719
Age, mean (+ SD), years 71.7 (£ 13.5) 71.7 (£ 13.5) 1.0
Women, n (%) 272 (47.4) 822 (47.8) 0.92
Ethnicity, n (%)

White 455 (79.4) 1,381 (80.3)

Black 56 (9.8) 133 (7.7) 027

Hispanic 28 (4.9) 76 (4.4) ’

Other (includes unknown) 34 (5.9) 129 (7.5)
English is the primary language, n (%) 521 (90.8) 1,580 (91.9) 0.51
Health insurance, n (%)

Private 110 (19.2) 475 (27.6)

Med?ca.re 414 (72.3) 1,149 (66.8) 0.0002

Medicaid 42 (7.3) 83 (4.8)

Uninsured 7(1.2) 12 (0.7)
HEMORR,HAGES score, mean (+ SD) 2.1(1.5) 2.1(x1.5) 0.88
Serum creatinine, mean (+ SD), mg/dL 2.3(1.9) 2.0(x1.6) 0.0012
Platelet count < 100,000 / ul, n (%) 127 (22.2) 360 (20.9) 0.58
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Variable Cases Controls P-value
Liver disease, n (%) 17 (3.0) 31 (1.8) 0.13
Alcohol abuse, n (%) 9 (1.6) 51 (3.0) 0.097
Malignancy, n (%) 178 (31.1) 587 (34.1) 0.19
Prior hemorrhage, n (%) 28 (4.9) 25 (1.5) < 0.0001
Uncontrolled Hypertension, n (%) 11 (1.9) 38 (2.2) 0.81
Anemia, n (%) 215 (37.5) 486 (28.3) < 0.0001
Dementia / Parkinson's disease, n (%) 50 (8.7) 254 (14.8) 0.0003
Prior stroke, n (%) 155 (27.1) 479 (27.9) 0.75
Complex warfarin regimen, n (%) 65 (11.3) 193 (11.2) 1.0
Table 2
Distributions of Diagnoses among Patients Admitted for Major Hemorrhage
Hemorrhage Site N (%)
Intracranial 123 (21.5)
Gastrointestinal 387 (67.5)
Hemoptysis 43 (7.5)
Other 20 (3.5)

Internal Discrepancies in Warfarin Prescriptions

Out of the 2,292 warfarin prescriptions reviewed, 254 were found to have a total of 259 internal discrepancies
(four prescriptions had more than one discrepancy). The most common discrepancies involved a complex regimen
(196 / 75.7%), and dose discrepancy (41 / 15.8%).

Major Hemorrhage and Internal Prescription Discrepancies

Internal discrepancies were found in 55 (9.6%) case and 199 (11.6%) control patient warfarin prescriptions (p =
0.22). In multivariable analysis adjusted for the prevalence of "complex regimen" prescriptions, case patients had
the odds ratio of 0.61 of having an internal discrepancy in the most recent warfarin prescription (p = 0.045). There
was a trend for higher frequency of hemorrhage in patients with complex regimen prescriptions (p = 0.12).

Discussion

In this large retrospective case-control study we have found that, contrary to our original expectations, patients
who had suffered a major hemorrhage were less likely to have an internal discrepancy in their warfarin
prescriptions. It is important to consider the implications of this finding both for the specific clinical scenario we
analyzed and for the general approach to studying of effects of health information technology on patient safety.

Warfarin and insulin have been shown to place patients at a particularly high risk for adverse drug events'.
These are also medications whose dosing frequently varies depending on the time of the day or the day of the week.
Such dosing regimens may be difficult or time consuming to express in structured format provided by electronic
prescribing interfaces. In these circumstances providers frequently resort to using free text instruction fields while
often leaving default information in the structured prescription fields. It is therefore not surprising that these
medications were also found to have a high rate of internal prescription discrepancies''. Prescription discrepancies
could in turn lead to misunderstanding of the complicated instructions by the patient and ultimately to adverse drug
events, either from under- or over-anticoagulation. However, our study showed evidence for the opposite effect.

One possible explanation involves discrepancies leading to an increased attention of the dispensing pharmacists
to both prescriptions and the patients. Ordinarily patients frequently receive little or no counseling from the
pharmacist about their prescriptions'’ even though pharmacist counseling has been shown to decrease the rate of
adverse drug events'®. Prescriptions with internal discrepancies, on the other hand, commonly lead to a phone call
from the pharmacist to the prescribing provider for clarification’. Subsequently the pharmacist would be more
likely to discuss the confusing prescription with the patient, while prescriptions without discrepancies would not
attract a similar level of attention. Our finding of a trend of higher risk for hemorrhage associated with complex
prescriptions is consistent with this explanation. Further studies analyzing direct evidence of pharmacists'
communication with the patients will be necessary to confirm this as a possible mechanism.

Our findings also raise an important issue with respect to the methods used to study the effect of health
information technology on patient care. Adverse drug events are rare'*>’. Consequently many investigations of the
effect of health information technology on patient safety are not powered to identify effects on actual adverse events
and focus on hypothetical or potential adverse events®**. Our findings show that potential adverse drug events may
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not always translate into real patient harm and unforeseen components of clinical workflow may even reverse the
predicted association. It is therefore crucial to conduct studies that directly examine clinical outcomes in order to
achieve a better understanding of the complex interplay between health information technology and patient care.

Our study has several limitations. It was focused on a particular type of electronic error for a specific
medication (warfarin). Its findings may therefore not be applicable to other errors facilitated by health information
technology, and each case will likely require a dedicated evaluation. The study was conducted in two academic
medical centers that used an internally developed electronic medical record which could also limit its
generalizability. However, our informal review showed that the majority of widely used commercial and open-
source electronic medical record systems include the same fundamental combination of structured and free-text
fields in their prescription interfaces, making them highly susceptible to internal prescription discrepancies. The
overall clinical workflow of prescribers who have access to the patients' records and community pharmacists who
only have the prescription and must contact the patient's physician to obtain more detailed information was similar
to that in many other institutions and private practices in the U.S.. Our multivariable analysis was not adjusted for
patient demographics. The reason for this approach was our focus on the proven risk factors for warfarin-associated
hemorrhage. Most studies including the one that validated the risk score we utilized did not show an association
between demographic characteristics other than age and incidence of hemorrhage for patients on warfarin'****’; age
was already included in the risk score we used. Prothrombin time measurements were not included in the model
because elevated prothrombin time was hypothesized to be a part of the mechanism for increased risk of hemorrhage
(due to the patient's misunderstanding of the prescription and subsequent warfarin overdose). There were several
significant differences in the prevalence of individual hemorrhage risk factors between the case and control groups.
However, the individual case-control pairs were very closely matched by the overall HEMORR,HAGES score,
implying similar risk; differences in individual components of the score were likely random and unavoidable.
Several components of the HEMORR,HAGES score were calculated using administrative data, which could have
underestimated their prevalence. However, the original study that described the HEMORR,HAGES score utilized
the same approach'*. We therefore opted to duplicate their method to ensure the score validity.

Conclusions

Prescription discrepancies were common in patients on warfarin but against the original expectations were
associated with a lower risk for major hemorrhage. This finding demonstrates that consequences of EMR errors may
not be obvious. Studies that directly examine clinical outcomes are necessary to identify categories of EMR errors
likely to cause patient harm.
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