Conclusion

The KPCO Improving Medication Safety Program projects support patient safety goals common
to many health systems. The KPCO Program was successful at decreasing medication errors
through a series of interventions employing alerts implemented at the point of medication
dispensing. This successful Program was team-based and developed and implemented through
collaboration, communication, staff support, and key stakeholder involvement. We believe that a
pharmacy-based alert program is complementary to EMR alerts.
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Appendix A

QM3
Renal Dosing Guidelines 2 KAISER PERMANENTE.

CIPROFLOXACIN

INTERACTION:
Dosage adjustment recommended for CIPROFLOXACIN when CrCl <51 mL/min
CrCl (mL/min) Recommended Dose
<51 250-500 mg every 12 hours
<30 250-400 mg every 18-24 hours

CIPROFLOXACIN EXTENDED RELEASE TABLETS

Indication CrCI (mL/min) Recommended Dose
Complicated Urinary Tract
Infection Acute Uncomplicated <30 500 mg every 24 hours
Pyelonephritis

INTERVENTION:

1. Confirm: Patient has CrCl <51 mL/min.

2. Determine: Whether CIPROFLOXACIN is dosed appropriately based upon patient’s
CrCI (see above table). If dosed at or below recommended dose, dispense Rx as written.
If dosed too high, proceed with intervention.

Contact: Provider
Inform provider: CIPROFLOXACIN requires dosage adjustment in renal insufficiency.
Recommend: =» Appropriate dose based upon patient's CrCl (see above table).

If provider disagrees: Inform provider that CIPROFLOXACIN accumulates in renal
insufficiency, and patient should be monitored for toxicity (e.g., acute renal failure,
seizures). Okay to dispense.

7. Documentation: PIMS CENSUS NOTE.

o gk~ w
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Appendix B
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Drug-Elderly Intervention Guidelines KAISER PERMANENTE.

Amitriptyline

Summary of Prescribing Concern
In many instances, amitriptyline is not recommended for use in older adults due to its strong anticholinergic and
sedative properties.

Indications Which DO NOT Require Intervention:
[ Irritable bowel syndrome
O Incontinence, urinary urgency or bladder spasm

[0 There may be other indications, not listed, for which the provider may wish to continue the
medication for this patient

INTERVENTION:
For the indications listed in the table below, switch amitriptyline to an equivalent dose of nortriptyline. (Maximum
dose for nortriptyline in the elderly is 75 mg daily and 150 mg daily for amitriptyline.)

Indication Amitriptyline Nortriptyline

Insomnia, pain (e.g., neuropathic, fibromyalgia,
headache, migraine, etc.), depression, anxiety, or 10 - 25 mg 10-25mg
any combination of these indications

30-50mg 25 mg
60 -100 mg 50 mg
110 - 150 mg 75 mg

Intervention Script

1. Review to determine if prior PIMS Elder census note exists for this drug and this dosage. If a prior
census note exists, determine if the prescriber of the current prescription has already been contacted. If the
provider has already been contacted regarding this prescription and a final determination was made, you do
not need to contact the prescriber again. Simply document this in the census note as “Provider previously
contacted.” If the current provider has not previously been contacted for this drug, please proceed with the
next step. If a prior PIMS Elder census note does not exist for this drug, please proceed with the next step.

2. Check in PIMS to determine if this is the first time amitriptyline is being dispensed at this dose for
the patient in the past year. No intervention is necessary if the patient has been previously dispensed
amitriptyline at this dose. If no prior dispensing at this dose, proceed to step 3.

3. Obtain indication information from the prescription. If the indication is not available from the
prescription, ask the patient or caregiver for indication information. If no indication information is available
from either of the previous sources, consult HealthConnect or provider.

4. If the indication requires intervention explain to the patient: “At KP, we are trying to improve health
care above and beyond the standard practice, so we are taking extra steps to ensure the best prescribing
possible. I just want to double-check with your physician before I fill the prescription.”

5. Contact provider. For indications listed in table above, recommend switching patients from amitriptyline
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to an equivalent dose of nortriptyline. Refer to the above table to determine the right dose of nortriptyline.

Note: If therapeutic equivalent drug substitution for amitriptyline is authorized by the RDCs in the future, it
will be incorporated in this guideline.

If provider disagrees: Dispense the medication as written.
Documentation: PIMS CENSUS NOTE.
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Risk of Concurrent Use of Prescription Drugs with
Herbal and Dietary Supplements in Ambulatory Care

Robert E. Graham, MD, MPH; Tejal K. Gandhi, MD, MPH; Joshua Borus, MD;
Andrew C. Seger, PharmD; Elisabeth Burdick, MS; David W. Bates, MD, MSc;
Russell S. Phillips, MD; Saul N. Weingart, MD, PhD

Abstract

Introduction: Little is known about the prevalence of herbal and dietary supplement (HDS) use
among ambulatory patients who use prescription medications or about the risk of adverse drug
events (ADES) related to drug-HDS interactions. Methods: We conducted a secondary analysis
of a study of patients who received prescription medications at four primary care practices. We
used chart reviews and patient interviews to identify potential drug-HDS interactions, and we
used MICROMEDEX to classify interactions. Results: A total of 101 of 657 patients (15.4
percent) reported using HDS, including echinacea (21.8 percent), ginkgo biloba (13.9 percent),
glucosamine (13.9 percent), omega-3 fatty acids (12.9 percent), garlic (7.9 percent), St. John’s
wort (6.9 percent), and ginseng (6.9 percent). Although we found no increased rate of ADEs
among HDS users compared to nonusers, 14 percent of users had potentially dangerous
interactions with their prescription drugs. Conclusion: HDS use is common in adult ambulatory
care. The risk of interactions between these agents and prescription medications is worrisome.

Introduction

In 1994, Congress defined a dietary supplement as a product taken by mouth that contains a
“dietary ingredient” intended to supplement the diet. The “dietary ingredients” in these products
may include vitamins, minerals, herbs or other botanicals, amino acids, and substances, such as
enzymes, organ tissues, glandulars, and metabolites. Dietary supplements can also be extracts or
concentrates, and they may be found in forms such as tablets, capsules, softgels, gelcaps, liquids,
and powders.*

The use of herbal and dietary supplements (HDS) has grown rapidly in the United States. In
2001, consumers spent $17.8 billion on dietary supplements, including $4.2 billion of this
amount for herbs.? A comparison of the results of the National Health Interview Survey in 2002
with a 1997 survey of complementary and alternative medicine use® * found a 50 percent
increase in Americans’ use of herbal supplements, from 12.1 percent of adults in 1997 to 18.6
percent—or 38 million individuals—in 2002.3

Most dietary supplements are unlicensed, and manufacturers are not required to demonstrate
efficacy, safety, or quality.® Although herbs are often promoted as natural and therefore
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harmless, they are not free of adverse effects. An observational study showed that herbal
supplements are associated with adverse events of all levels of severity and affect all age
groups.® As the use of herbal medicine increases, so have reports of adverse drug events (ADES)
related to HDS. To date, research regardlng drug herb interactions is limited mostly to case
reports and a few systematic reviews.” & % 10- 1.

Despite concerns about possible harmful interactions between prescription drugs and HDS, little
is known about the concurrent use of these products by ambulatory patients. Only one published
study has investigated the potential prevalence of ADEs associated with HDS in ambulatory care
settings. This study showed that 43 percent of patients seeking care at two Veterans Health
Administration hospitals were taking at least one dietary supplement (including herbs, vitamins,
and minerals) with prescription medications, and 45 percent had the potential for a significant
drug-dietary supplement interaction.*®

Because 60 to 70 percent of complementary and alternative medicine users do not discuss their
use with a physician,* patients may have few opportunities to learn about potential interactions of
herbal and non-HDS with their prescription medications. To increase understanding of HDS risk
and to inform clinical practice, we conducted a secondary analysis of a study of ADEs among
primary care patients.** The goals of the present study were to calculate the prevalence of HDS
use among primary care patients taking prescription medications and examine the risk of drug-
HDS interactions in this population.

Methods

Definition
We defined an ADE as an injury resulting from medical intervention related to a drug.’®> We

interpreted this definition to include injuries resulting from an herbal or non-HDS and from a
drug-HDS interaction.

Study Sites

We studied four Boston adult primary care practices affiliated with a teaching hospital. Two
practices were located at the hospital, and two were community-based. One of each type of
practice used a basic computerized system for prescribing drugs, but there was no automatic drug
allergy or interaction alert feature. The other practices used handwritten paper prescriptions.

The study protocol has been described in detail and reported elsewhere.** Briefly, study subjects
included 661 adult patients who received prescription medications from internists at the study
sites. All patients who received a prescription from participating physicians at an appointment
were enrolled once during a 4-week enrollment period at each site. Patients were excluded if they
were too ill to participate, hard of hearing, or unable to speak English or Russian. Data were
collected from September 1999 through March 2000. The Beth Israel Deaconess Medical Center
institutional review board approved the study in advance.

228



Data Collection

One day after the patient’s appointment, investigators sent patients a letter that described the
study and requested their participation in a telephone survey. Ten to 14 days after the
appointment, patients who agreed to participate were asked about medication-related symptoms
and to read aloud their prescription bottle labels. Patients were also interviewed 3 months after
the appointment regarding their symptoms. Patients were asked at 10 days and again at 3 months
if they “regularly took any nonprescription drugs, such as herbal and other dietary supplements.”

Three months after the appointment, a nurse examined subjects’ medical records to identify any
ADEs, drug allergies, comorbidities, demographic characteristics, number of medications, and
duration of continuous care at the practice site.

Two physicians then reviewed the chart and survey data to ascertain the presence of ADES.
Physician reviewers attributed none of the ADEs of the original study to an HDS. However, the
investigators did not evaluate the presence of potential ADESs related to drug-HDS interactions.

For the present study, we identified potential drug-HDS interactions by reviewing each patient’s
medication list. Interactions were classified according to the DRUG-REAX® system database
from MICROMEDEX, which was available to clinicians at the four practice sites.'® Potential
drug-HDS interactions were classified by MICROMEDEX as “minor,” “moderate,” or “major”
as follows:

Major: The interaction may be life-threatening and/or require medical intervention to minimize
or prevent serious adverse effects.

Moderate: The interaction may result in an exacerbation of the patient’s condition and/or
require an alteration in therapy.

Minor: The interaction would have limited clinical effects. Manifestations may include an
increase in the frequency or severity of side effects but generally would not require a major
alteration in therapy.

If we identified a potential drug-HDS interaction, we used two additional databases to confirm
the reported interaction from MICROMEDEX." *® In all cases, the three databases gave
consistent results.

Statistical Analyses

We used Student’s t-test and the chi-square statistic for continuous and categorical variables,
respectively. Reported P values are based on two-tailed tests of significance. Logistic regression
was used to examine factors associated with patients’ use of any HDS. The model was adjusted
for patient and practice attributes (i.e., age, sex, primary language other than English, ethnicity,
years of education, type of practice, type of prescribing, number of medications, and duration of
clinic care) found to be associated with ADEs in the original study.'* A dichotomous variable for
HDS use was included in the final model. SAS® (SAS Institute) version 8e was used for
statistical analyses.*
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Results

Herbal/Dietary Supplement Use

Of 1,202 potentially eligible patients in the original study, 661 (55 percent) completed the initial
telephone survey and were enrolled. Of enrolled patients, 600 (91 percent) completed the
telephone survey at 3 months. Chart reviews were completed for 653 patients (99 percent). We
analyzed 657 of 661 potentially eligible patients for the present study because four patients did
not answer the question regarding the use of herbal and other dietary supplements.

Of the 657 patients, 101 (15.4 percent) reported using at least one HDS (Table 1). Overall,
patients used 39 different supplements. The most commonly used herbs were echinacea

(22 percent), ginkgo biloba (14 percent), St. John’s wort (7 percent), ginseng (7 percent),
evening primrose oil (5 percent), and saw palmetto (4 percent). The most commonly used
nonherbal dietary supplements were glucosamine (14 percent), omega-3 fatty acids (13 percent),
garlic (8 percent), chondroitin (5 percent), coenzyme Q10 (5 percent), flax seed (4 percent), and
cranberry (4 percent).

Subject Participation and Characteristics

Table 2 shows the characteristics of HDS users and non-users. Compared to nonusers, more
users were white (88 vs. 79 percent, P = 0.04), college educated (90 vs. 80 percent, P = 0.02),
English speaking (98 vs. 91 percent, P = 0.02), and had fewer than 3 years of continuous care at
the practice site (44 vs. 34 percent, P = 0.09).

In the multivariable analysis, HDS use was associated with college education [OR 2.25, 95
percent CI (1.09, 4.65)] and English speakers [OR 4.32, 95 percent Cl (1.01, 18.49)] and was
inversely associated with 3 years or more of continuous care [OR 0.80, 95 percent CI (0.66,
0.97)] (Table 3).

Adverse Drug Events Among Herbal and Dietary Supplement Users

Twenty-nine (29 percent) of the 101 HDS users experienced an ADE, compared to 131
(24 percent) of the 556 nonusers (P = 0.27), a nonsignificant difference in univariate and
multivariate analyses.

Although we identified no ADEs attributable to drug-HDS interactions, we identified 14 patients
with 25 potential drug-supplement interactions among the 101 HDS users (Table 4). Potentially
serious (“major”) drug-herb interactions included St. John’s wort with selective serotonin
reuptake inhibitors (SSRIs) or with oral contraceptives, and ginkgo biloba with antiplatelet
agents, nonsteroidal anti-inflammatory drugs (NSAIDSs), or trazodone. Two of the 14 patients
had multiple potential drug-supplement interactions.
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Table 1.

Most commonly used HDS and non-HDS

% Patients

No. of % HDS (users +
Supplement  HDS users?® nonusers)®
Supplement Common uses class users (N=101) (N =657)
Any supplement 101 100 15.4
Echinacea Prevent common cold Herbal 22 21.8 3.3
Gingko biloba Enhance memory and Herbal 14 13.9 2.1
concentration
Glucosamine Treat osteoarthritis Nonherbal 14 13.9 21
Omega-3 fatty acids (Fj’_revent cardiovascular Nonherbal 13 12.9 20
isease
Prevent cardiovascular
Garlic disease, improve Nonherbal 8 7.9 1.2
hyperlipidemia
St. John’s wort Antidepressant Herbal 7 6.9 1.1
Ginseng Stimulant Herbal 7 6.9 1.1
Evening primrose oll Treat premenstrual Herbal 5 5.0 0.8
syndrome
Chondroitin Treat osteoarthritis Nonherbal 5 5.0 0.8
Various uses, including
Coenzyme Q10 treatment of Nonherbal 5 5.0 0.8
hypertension
Saw palmetto Treat benign prostatic Herbal 4 4.0 0.6
hypertrophy
Flax seeds Prevent heart disease o herbal 4 4.0 0.6
and cancer
Prevent heart disease
Cranberry and cancer, treat urine Nonherbal 4 4.0 0.6
infection
Other® 24 23.8 3.7

a  Totals exceed 100% because 33 patients used multiple supplements.

b Other supplements included: arnica, bilberry, bromeline, chromium picolinate, comphrey, dehydroepiandrosterone, dong
quai, ginger, goldenseal, grape seed, hawthorne, herbal tea, isoflavone, kava kava, L-carnitine, lecithin, lutein, lysine,
melatonin, mistletoe, niacin, pyruvate, slippery elm, vitex, wild yam.
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Table 2. Characteristics of study sample, by HDS and non-HDS use

Total Users Nonusers
Characteristic (N =657) (N=101) (N =556) P-value®
Mean age (xSD) (yrs) 52 (16.9) 52.5(15.9) 52.6 (17.1) 0.94
Sex’
Male (%) 34 33 34
0.82
Female (%) 66 67 66
Race
White (%) 80 88 79
0.04
Non-white (%) 20 12 21
Primary language
English (%) 92 98 91
0.02
Non-English (%) 8 2 9
Education level
<12 years (%) 18 10 20
0.02
212 years (%) 82 90 80
Mean (£SD) medications 3.6 (2.9) 3.6 (2.7) 3.6 (2.9) 0.89
Years of continuous care
<3 36 44 34
0.09
23 64 56 66

A Student’s t-test for continuous and chi-square for categorical variables.
b  Based on N =656
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Table 3. Patient characteristics associated with HDS and non-HDS use

Characteristic

Unadjusted OR (95% Cl)

Adjusted OR (95% ClI)

Age (years)

0.99 (0.99, 1.01)

1.01 (0.99, 1.03)

Sex
Female 0.94 (0.60, 1.48) 0.87 (0.55, 1.40)
Male 1.0 1.0

Race
White 1.98 (1.05, 3.74) 1.54 (0.80, 2.98)
Non-white 1.0 1.0

Primary Language
English
Non-English

4.78 (1.15, 20.00)
1.0

4.32 (1.01, 18.49)
1.0

Education level
>12 yrs
<12 yrs

2.24 (1.13, 4.45)
1.0

2.25 (1.09, 4.65)
1.0

No. of medications

1.01 (0.93, 1.08)

1.02 (0.95, 1.11)

Years of continuous care
=3
<3

0.82 (0.69, 0.98)
1.0

0.80 (0.66, 0.97)
1.0

OR = odds ratio; Cl = confidence interval

Discussion

We examined the use of HDS among adult ambulatory patients using prescription drugs in a
secondary analysis of a study of ADEs. We found that one in six patients used at least one
dietary supplement along with their prescription medications. Echinacea, gingko biloba,
glucosamine, omega-3 fatty acids, and garlic were the most commonly used supplements.
Compared to nonusers, users had higher levels of education, were English speakers, and had
fewer years of continuous primary care. A similar percent of HDS users had an ADE compared
to nonusers (29 percent vs. 24 percent), a difference that was not statistically significant.
However, we found potential drug-HDS interactions among 14 of 101 patients, and many of

these interactions were potentially serious or life threatening.
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Table 4. Potential drug-HDS and non-HDS interactions

Quality of
. . documentation
Interacting . No. qf Interac_tloan regarding Description of
Herb drug interactions severity interaction® interaction
Increased risk
SSRIs 1 MAJOR Fair of serotonin
syndrome
Oral Decreased
. 2 MAJOR Good contraceptive
contraceptives .
effectiveness
St. John’s wort 5 Reduced
enzo- . . . .
. . 1 Minor Fair benzodiazepine
diazepines .
effectiveness
Reduced
Statins 1 Moderate Fair a.torvastat_m &
simvastatin
effectiveness
Increased risk
SSRIs 7 Moderate Fair of serotonin
syndrome
Antlplat’gelet 5 MAJOR Eair Increase_d risk
agents of bleeding
NSAIDs 2 MAJOR Fair Increased risk
of bleeding
Increased risk
Ginkgo biloba Nifedipine 1 moderate Fair of nifedipine
side effects
Excessive
Trazodone 1 MAJOR Poor sedation and
potential coma
Anti- Decreased
1 Moderate Fair anticonvulsant
convulsants !
effectiveness
Buspirone 1 Moderate Fair Changes in
mental status
Garlic Antlplagelet 1 Moderate Fair Increasc-?d risk
agents of bleeding
Increased risk
Ginseng Nifedipine 1 Moderate Fair of nifedipine
side effects

a Based on MICROMEDEX classification.

b  Aspirin was the only antiplatelet agent used by supplement users.
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Although the news media have publicized cases of ADEs related to HDS,? few prior studies
have examined the prevalence of drug-HDS interactions.™ > # The rate of potential drug-HDS
interactions in our study (25 percent) was greater than previous reports of drug-HDS
interactions.® %> % The rate was similar to the high rate of drug-drug interactions in studies of
outpatients, where researchers have reported potential ADE rates of 9.2 percent to 70.3 percent
of any severity, and 1.2 percent to 23.3 percent for more serious events.?* 24 2% 26. 27, 28,2930 g
study also contributes to the literature in demonstrating that many drug-HDS interactions are
potentially serious or life threatening.

How can we account for the number of potentially serious drug-HDS interactions in this study?
It is possible that the commercial databases for classifying these interactions overestimate the
severity of interactions, in part, because they rely on case reports to identify such events—a
reporting bias. Because HDS are unregulated, rigorous premarket testing is not required, and as a
result, the clinical importance of HDS-related ADEs and interactions are not well characterized.
Another possibility is that HDS-drug interactions represent a serious and under-recognized
hazard in clinical care. If patients and clinicians were better informed about the prevalence and
potential severity of these interactions, perhaps they would be more cautious about the
concurrent use of prescription or over-the-counter (OTC) medications and HDS.

Our findings regarding the prevalence of HDS use are consistent with previous studies and
market data. National estimates of herb use range from 9 to 19 percent.* 3! 3233, 34,35, 36, 37, 38
National rates of concurrent use of dietary supplements and prescription medications are 16 to
18.4 percent.* *® Based on market data, the largest-selling herbs during 1999-2000 were ginkgo
biloba, St. John’s wort, ginseng, garlic, echinacea, and saw palmetto (Information Resources, Inc.
Jan 1, 1999). In the same year, ginseng, ginkgo biloba, glucosamine, St. John’s wort, and
echinacea were reported to be the most commonly used HDS.*® However, our results are
inconsistent with several ambulatory care studies that found rates of use of up to

57 percent,1® 2} 39, 40. 41, 42,43, 44, 45, 46, 47, 48 Byitfarences may be due to practice type,** patient
population,* geographic variation,*® differing definitions of dietary supplements,* ?* or secular
trends. For example, two studies included vitamins and minerals in their definition of dietary
supplements, thus accounting for a greater prevalence of reported dietary supplement use.** %

Like previously published national studies," % 3* “° we also found that HDS use was common in

middle age, among women, among those with more than a high school education,*" 32 *® and with
concurrent use of prescription or OTC medications.* Our results also corroborate work showing
that complementary and alternative medicine users are more likely to have a place to go for usual
care, to have a customary medical care provider, and to have seen a medical professional in the
past 12 months.*” All the patients in our study had a usual primary care provider, although higher
HDS use was associated with less than 3 years of continuous care.

Our study offers several implications for clinical practice. First, clinicians may benefit from
more effective education about HDS. Despite the widespread use of supplements, some
physicians lack knowledge about HDS.** ' %2 Only about half of physicians in one study were
able to identify potential interactions between herbs and conventional medications. Educating
clinicians about herbs and dietary supplements could help reduce the chance of dangerous
interactions.
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Second, given the potential for interactions with conventional drugs, health professionals should
ask patients about their use of HDS and non-HDS. Our findings support the Joint Commission
requirement that HDS and non-HDS use be included in patients’ medication lists.

Third, electronic order entry systems should include drug-HDS alerts for potentially dangerous
interactions. Given the large number of different drug-HDS combinations, physicians would
benefit from the support of electronic knowledge databases that include information about the
most serious drug-HDS interactions.>® >* >

Our study has several limitations. First, because we studied only four primary care practices, our
results may not be generalizable. Our sample included many white, English-speaking, college-
educated patients in an urban setting. Supplement use by other ethnic groups and in other
cultures might differ. Second, we relied on patients’ self-reports of HDS use, and they may have
underreported. Third, we may not have ascertained completely the contribution of HDS use to
ADEs because this information may not have been recorded in the chart or elicited accurately in
the patient interviews. Fourth, our study was powered to examine ADE rates in primary care
practices with and without computerized order entry systems. Although we found a slightly
higher rate of ADEs among HDS users than nonusers, the study had only 16 percent power to
examine this association. A study with a larger sample size would allow researchers to evaluate
the impact of HDS use on ADEs.

Our results suggest that the use of herbs and dietary supplements is common in adult primary
care. Although we observed no increased rate of ADEs among patients using supplements
compared to nonusers, we identified many potentially serious interactions between these agents
and conventional medications. Improvements in eliciting information about the use of HDS and
non-HDS and providing electronic decision support for interactions between supplements and
medications may be important for preventing ADEs in ambulatory care.
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Using Home Visits to Understand Medication
Errors in Children

Kathleen E. Walsh, MD, MSc; Christopher J. Stille, MD, MPH; Kathleen M. Mazor, EdD;
Jerry H. Gurwitz, MD

Abstract

Current research methods are not well designed to detect medication errors that occur at home.
We developed home visit methods to investigate home medication errors in children with
chronic conditions. These methods include observation of parent administration of medication to
the child by a trained nurse observer who takes detailed ethnographic notes; review of all
prescription and over-the-counter medications for dispensing errors, pill counts, and medication
reconciliation; and parent interviews to identify barriers to effective home use of medications,
prior home medication errors that parents are aware of, and suggestions for systemic
improvements. Details about each possible error detected are recorded using a structured data
collection form (allergies, medication list, dispensing errors, administration errors). We
conducted several pilot home visits and found that this approach has the potential to help
understand home medication errors in order to develop interventions to improve the safety of
medication self-management.

Introduction

Despite over 3,000 publications about medication safety over the last 5 years, there continue to
be “enormous gaps in the knowledge required to implement a safe medication-use system,”
according to the July 2006 Institute of Medicine (IOM) report, Preventing Medication Errors.*
This report called for research on the rate of errors in ambulatory care, particularly home care
and pediatric care, and support for medication self-management. Among children, the rate of
potentially dangerous medication errors is three times that of adults and outpatient wrong dose
ordering errors are common, due to the complexity of weight-based dosing.? * * > © Although
the majority of pediatric medications are taken in the home, data on pediatric medication errors
in the home setting are limited, and risks for children with chronic conditions, who use many
medicines, may be great.” ® Research methods are needed to describe errors in the home use of
pediatric medications.

Medical record review is not well suited for detecting medication administration errors.® The
most efficient and accurate method to detect medication administration errors in the hospital
setting is through direct observation of nurses by a trained researcher.’® **' 2 It is reasonable to
expect that direct observation would also be a good method of detecting medication errors in the
home setting, and so we sought to develop comparable methods. To that end, we reviewed the
literature, developed home visit methods, and conducted a pilot study. Each of these steps is
described in separate sections in this article.
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Literatur

e Review

We searched PubMed, Cochrane Collaborative, Up-to-Date, and Clinical Evidence for all articles
relevant to home medication errors. We identified a total of 13 articles related to parent
administration of medications to children; only one included visits to the home (Table 1). We
also identified 10 articles related to adult patient medication errors (Table 2).

Table 1. Literature related to home medication errors in children
Study Methods Setting Findings
322 patients with acetaminophen
Alander, et al Retrospective chart Two hosbitals overdose included 10 with dosing
2000"° review P errors with therapeutic intent over 10
years.
Only 1/3 of teaspoons measured
Arnhold, et al 104 home visits Parents recruited from within 4.5 - 5.5 ml; 4/104 parents
1970% group practice misunderstood dosing instructions; 15
were honcompliant.
3 deaths reported from National
Cohen Email solicitation of Association of Medical Examiners
18 Case series ; . from over-the-counter (OTC) cold
2006 medical examiners L :
medicine; all children under 6 months
of age.
o Color-coded method to measure
. Parents waiting in -
Frush, et al Randomized ediatric emeraenc acetaminophen reduced average
2004% controlled trial b gency deviation from correct dose from 26%
department o .
deviation to 2% deviation
3 admissions for OTC cold medicine
Gunn, et al . . overdoses with therapeutic intent,
2001 Case series 1 hospital including one death; all in children
under age 3 years.
47 cases of hepatotoxicity after
Heubi, et al Case series Cases from 1 hospital, multiple overdoses of acetaminophen
1998 FDA reports, literature found, with 20 surviving, including 4
liver transplant patients.
Henretia. et 2 children with hepatotoxicity due to
I Case series One hospital repeated acetaminophen overdoses,
al, 1989 ; . )
both survived without transplantation.
51% of parents reported an
. . Urban academic inaccurate dose of antipyretic given
Li, et al Cross-sectional ediatric emergenc rior to ED visit; children under age 1
2000%° parent survey b gency b : 9

department

year were more likely to receive
inaccurate doses.
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Table 1.

Literature related to home medication errors in children (continued)

Study

Methods Setting

Findings

Litovitz
1992%°

Calls to poison control
centers associated with
use of dispensing cups

Case series over 8
days

34 reported cases over 3 days in
children and adults.

Marinetti, et
al, 2005

Montgomery County

Case series , :
Coroner’s office

10 deaths associated with toxic levels
of OTC cold medicine in children
under age 12 months; 8 due to
accidental overdose.

McMahon, et
al, 1997%

Stratified S
randomized General pediatric clinic

convenience
sample

Parents of children on liquid
antibiotics underwent education, went
to pharmacy, returned with med, and
demonstrated dose.

Verbal instructions only: 37% correct;
32 - 147% of dose).

Verbal instructions: syringe with line
marked: 83% correct (20 - 152% of
dose).

Verbal instructions: marked syringe,
dose demonstrated: 100% correct

Taylor, et al
2006°7

Prospective Outpatient pediatric
observational study oncology clinic

Parents of 69 children with cancer
demonstrated how they would
administer home medications (71%
brought from home; 29% given
sample medications in clinic); 12
medication errors detected; 5
prescribing errors.

Table 2.

Study

Literature related to home medication errors in adults

Methods Setting

Findings

Bedell, et al
2000%

Patient report, bottle Outpatient private
review practice

76% of patients had discrepancies
between the medication list from the
medical record and patient report or
bottles from home medicines. 51%
medications not recorded; 29% not
taking medications on list; 20% wrong
dose.

Britten, et al
2000%

20 general practices

Qualitative interviews England

14 types of misunderstandings
between physicians and patients
involved in prescribing decisions are
described.
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Table 2.

Literature related to home medication errors in adults (continued)

Study Methods Setting Findings
o . - 26% of requests were different from
Ernst, et al Prescription renewals  Family medicine : L
2001 compared to med lists  outpatient clinic the medical rec'ord'med|cat|on list; .
59% were medications not on the list.
Review of patient-related errors from
Chart review, Gurwitz study.* 32% administration
Field, et al computer-generated Medicare enrollees in errors, 42% changed medication
p 9 g
2007 signals, and incident  a group practice regimen, 22% did not follow clinical
report review advice about medication use (e.g.,
avoid alcohol on this medicine).
25% of patients had an adverse drug
Gandhi, etal  Chart review, 4 adult primary care event. 19 qf these events .CQUId have
20 . . . been ameliorated by physicians but
2003 telephone interview practices . :
were not because the patient failed to
report symptoms
Chart review, 13.8 preventable adverse drug events
Gurwitz, etal computer-generated Medicare enrollees in  per 1,000 person-years found. 20% of
2003 signals, and incident a group practice these related to patient use of
report review medications in the home.
221 “problematic incidents” including
Kuzel, et al 38 interviews Random digit problems with access, doctor-patient
2004 telephone dial relationship, and racism. 23% resulted
in physical harm to patients.
30% of patients had discrepancies
Manlev. etal  Monthlv dru between interview reports and their
e . Ty drug Hemodialysis center  medication list. 50% placed patients
2003 interviews .
at risk for adverse events and 30% for
dosing errors.
27% of patients had a drug
Richelman Outpatient oncolo interaction, 8% of patients were taking
37 Patient survey utp 9y duplicate medications, most often
et al, 2007 clinic . )
corticosteroids, proton-pump
inhibitors, or benzodiazepines.
Only 69% of medication-related
symptoms were discussed with
Weingart, et Patient interview, 4 adult primary care patients doct_or. This re_-sulted In Injury
38 X . in 2 of 90 patients and in excessive
al, 2005 chart review practices . ;
pain that could have been ameliorated
had they been discussed with doctors
in 19 of 90 patients.
Community dwelling  27% of those who skipped doses did
Wilson, etal  Cross-sectional Medicare not discuss with doctor. 39% of those
2006°° survey beneficiaries, with cost-related nonadherance did

national sample

not discuss with a doctor.
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Pediatric Studies

Many studies have used parent report to detect administration errors. Several of these have
described pediatric patients injured by parents who accidentally gave the children an overdose of
medications.™® 14 1 16.17.18.19 15 3 case series of calls to poison control centers, Litovitz
described 34 dispensing cup errors due to one of three causes: (1) confusing teaspoon and
tablespoon, (2) assumption that the dispensing cup was the unit of measure, or (3) assumption
that the full dispensing cup was the actual dose.'® Heubi, et al., described cases of pediatric
hepatotoxicity after multiple overdoses of acetaminophen, speculating that parents may have run
out of pediatric acetaminophen and used the adult preparation for convenience, misread the label,
or administered more medication because the child’s fever was high.* Marinetti, et al., described
10 deaths from over-the-counter cold medicine toxicity in infants, of which 8 were accidental
overdoses.'®

Several surveys asked parents to recall their child’s dose of medications.? %% In a cross-
sectional survey of 200 parents of young children in an emergency department (ED), Li, et al.,
found that 51 percent of parents reported giving acetaminophen doses that were incorrect.” Yin,
et al., surveyed caregivers of young children waiting in an ED and found that parents with a
lower reading comprehension were more likely to use a nonstandard measuring instrument

(e.g., a teaspoon rather than a measuring cup or syringe).* However, in another study, where less
than 67 percent of parents were able to accurately repeat back medication use instructions,
parental literacy level was not associated with use of preventive pediatric services or ability to
follow medical instructions.??

We found three studies that discussed pediatric medication errors involving parents.?' 2* 2 Of

these, two surveyed parents about hypothetical errors.® ** One interviewed parents about
“mistakes, errors, and carelessness”; only two errors were described. None of the studies
systematically interviewed parents about medical errors, and none addressed errors in
ambulatory care.

Three studies involved observation of parent administration of medication in the clinic or

ED. %% %2 McMahon, et al., performed a study in which parents of young children with ear
infections who had been prescribed liquid antibiotics were randomized to three forms of
instruction about medications.?® Parents then went to the pharmacy;, filled the prescription, and
returned to the clinic to demonstrate the dose using syringes and teaspoons provided by research
staff. Only 37 percent of parents who received verbal instructions measured the correct dose. Of
those with verbal instructions and a syringe with a line marked, 83 percent measured the correct
dose. Of those with verbal instructions, a syringe with a line marked, and the dose demonstrated,
100 percent measured the correct dose.

In a study by Taylor, et al., parents of 69 children diagnosed with cancer demonstrated in clinic
how they would dose their child’s home medications.” Parents were given measurement tools,
and those without their own medication were provided medications to use. Administration errors
occurred with 7 percent of medications.

Frush, et al., developed a color-coded system to avoid home liquid acetaminophen administration
errors.?® Parents used a syringe with colored lines to measure doses and a chart to select the
correct lines. Parents in an ED waiting room who used the color-coded system had an average
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dose deviation of 1.7 percent compared to 25.8 percent for parents who used conventional
measuring methods.

In each of these studies, measurement instruments were provided by research staff, so problems
with measurement instruments could not be assessed. In 1970, Arnhold, et al., visited the homes
of 104 pediatric patients recruited from private practices.? During the visits, researchers
measured the teaspoons used to dispense medications and measured the quantity of the
medication remaining to assess missed doses. Several parents stopped the medication before
completing the prescribed course of treatment. Fifteen parents skipped medication doses. Of the
teaspoons used to dispense the medications, one-third measured between 4.5 ml and 5.5 ml, 40
were less than 4.4 ml, and eight were above 5.5 ml. To our knowledge, this is the only study
using home visits to study patient or parent medication administration errors.

Studies of Adults

Two medical record review studies in adult patients detected and described home medication
errors.® 33 Gurwitz studied outpatient adverse drug events among older individuals using
medical record review, computer generated signal review, and incident report review, and found
a rate of 13.8 adverse drug events caused by error per 1,000 person-years.*® Of those adverse
drug events caused by error, 20 percent were related to patient use of medications in the home.
Field, et al., further described these patient medication errors which fell into six categories:**

1. Medication filling and refilling errors.

Medication administration errors.

Failure to perform some parts of the medication regimen.
Failure to follow clinical advice.

Failure to report information to providers.

Failure to adhere to followup.*

o0k wn

Gandhi, et al., used medical record review and patient report to describe adverse drug events and
errors in outpatient adults. She described 19 adverse drug events that could have been
ameliorated by proper medical care but were not because patients failed to inform their doctors
of symptoms.*

Some investigators have used telephone interviews combined with chart review in adult patients
to improve the detection of adverse drug events and errors.®* ** However, telephone interviews
will only identify errors of which parents or patients are aware, making this method susceptible
to reporting bias and to missing accidental measurement errors parents may not have noticed.

In adult patients, several studies have used in-depth interviews about medication errors and
communication problems,3* 3% 3¢ 37. 38,39, 40, 41 Three sty dies about communication failure
indicated that many patients who skip doses, stop medications, or experience side effects from
medications do not inform their doctors.** 3 Britten described several misunderstandings about
medication prescribing, such as a patient changing a dose without informing the doctor and two
doctors each telling the patient to use a different dose.* Riechelman asked outpatients with
cancer to describe what medications they took at home, and found that 8 percent were taking
duplicate medications, and 27 percent had at least one potential drug interaction.>” A fourth study
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evaluated discrepancies between home medication regimens in physician medication lists in
transplant patients and found patient errors and ordering errors to be common.*

In our review of the literature, rates of parental administration errors ranged from 0 to 63 percent
of administrations. More than half of pediatric papers were case series. Only one study involved
home visits, where all medications, including over-the-counter medications, could be reviewed,
measurement instruments could be inspected, and administration could be observed.* Taken
together, the findings from this literature review reveal that current methods used to detect errors,
such as chart review, are not well designed for pediatric home administration errors. While the
literature is limited, parent medication administration errors appear to be frequent, and parents
may be unaware of the errors they are making. Research from adult patients indicates that
communication problems between patients and physicians regarding medication use commonly
occur and may affect patient safety.

Methods

Our approach to using home visits (Figure 1) to examine medication errors in children has four
components: (1) observation of medication administration, (2) medication review, (3) in-depth
parent interviews about errors in home medication use, and (4) event classification. Prior to the
home visit, the research assistant obtains the patient’s age and diagnoses from the chart. The
patient’s weight, height, and all medication allergies are also recorded. Dose and frequency of
administration for all medications prescribed for home use are obtained from the chart and from
copies of prescriptions written during the clinic visit (if available). All prescriptions are checked
for physician errors. All medication doses are recalculated to check for dosing errors. Doses that
deviate more than 10 percent from the correct dose are considered dosing errors.

Observation of Medication Administration

Home visits are to be performed by a study nurse or pharmacist trained in nonintrusive and
nonjudgmental research methods. Methods used for direct observation are modeled after those
used in hospitals to identify administration errors'® ** 2 %% and refined based on pilot testing.
These established methods employ ethnographic techniques, rooted in social anthropology.** *°
This technique emphasizes context in understanding errors and can “allow comparison between
what people say and what they actually do.”*® The study nurse is instructed to observe the
administration of each dose and not to review the patient’s medication list until after performing
direct observation of medication administration.**

Visits should be scheduled at the time when most medications are being administered to the child
and when the person who normally administers medications to the child is available. Children
and adolescents who self-administer medications should be asked to participate in the home visit.

The person who normally administers the medications is asked to administer medications exactly
as he or she normally would, as if the study nurse were not present.
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Obtain diagnoses and medication list

from medical record \
Home visit: . .
; . Identification of strategies
Direct observation to prevent errors
Review of medications

l

Physician review of j
possible errors

Figure 1. Home visit methods.

The administration of each medication is observed and detailed, and notes are recorded in a study
diary. In addition to medication administration, medication preparation—such as pouring
nutritional formula into a gastrostomy tube—and related procedures—such as flushing lines or
giving medication with food—are observed as described by Flynn and colleagues in the inpatient
setting.”® As in hospital-based studies, observations and documentation are both quantitative and
qualitative.*> * Qualitative data include detailed field notes taken in diaries, which are recorded
immediately after observation.

Quantitative data include specific details about medication administration, such as which
measurement tool is used and what quantity of medication is given. Quantitative data are
recorded on the home visit data collection form (Appendix A), along with demographics,
allergies, the medication list, dispensing errors, and administration errors. The allergy section
and medication list are completed prior to the home visit, using data obtained from the patient’s
medical record. Any other medications being taken by the child that are not on the medical
record medication list are added during the home visit. After direct observation, for each error
noted, the type of administration error is recorded on the medication list. The medication label is
reviewed, and any dispensing error noted is recorded on the medication list. Pill counts or
volumes and fill and expiration dates are recorded. A detailed description of any error noted
during the home visit is written on an error reporting form (Appendix B).

Errors that potentially place the patient at risk that are detected by the research nurse but not
noticed by the administering parent are intercepted prior to medication administration. The study
nurse then contacts the prescribing physician to inform the physician of the error and ask for
orders on how to handle the situation.

247



Medication Review

All medication labels are reviewed for dispensing errors. In addition, to detect missed dose
errors, pill counts are taken for pills and volumes for liquid medicines. The percent of doses
taken, the primary outcome for this part of the study, is calculated in the following fashion:

(# pills dispensed — # left in bottle) x 100

% doses taken =
(# days between dispense date & home visit date) (# doses per day) (# pills per dose)

or

(volume dispensed — volume in bottle) x 100

% doses taken =
(# days between dispense date and home visit date) (# doses per day) (volume per dose)

Prior research demonstrates that pill counts are 93 percent sensitive and 52 percent specific at
detecting patients who miss more than one in four doses of medication.*

In order to assess accuracy of the outpatient medical record medication list compared to which
medications the patient is actually taking—which is a Joint Commission goal*’— the
medications the child is taking in the home are compared with the medical record medication list.
After observation of medication administration and pill counts, the labels of all medications in
the home are compared to a list of home medications obtained from the chart, and the parent is
asked about any discrepancies. The primary measure for this portion of the study is percent of
home visits where the prescription medication list is accurate. Discrepancies between the
medication list and the home medication regimen are not counted as errors because, based on
prior research, we expect more than half of medication lists to be inaccurate.3" 38 39 48. 49
However, any discrepancy considered by the study nurse to be potentially dangerous is recorded
as a possible error.

In-depth Interviews

In-depth, qualitative interviews are conducted as the final step during home visits. The purpose
of the interview is to identify parents’ perception of barriers to effective home use of medications
for their child(ren) with chronic disease and to describe possible prior medication errors
occurring in the clinic or in the home. Parents are also asked for recommendations for systemic
changes that would help them to avoid outpatient and home medication errors in the future.
Questions were developed from a clinic-based pilot survey of parents of children with chronic
conditions and were refined in pilot home visits (Table 3). Interviews are audiotaped,

transcribed, and reviewed for themes. Themes are grouped in broad categories that reflect types
of medication delivery system failures (e.g., use of the wrong measurement device or failure to
complete the entire course of the medication) or categories of error-prevention strategies.
Knowledge gaps and misconceptions that may contribute to parents’ errors, parents’ perceptions
of barriers to using medications exactly as prescribed, and parents’ recommendations for changes
that would facilitate their giving medications exactly as prescribed are carefully considered.
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Table 3. Questions for in-depth parent interviews

Repeat questions for each medication:

Why does your child take this medication?

How much of the medication are you supposed to give and how often?

Have you had any trouble giving it?

When was the last time, prior to now, that your child took this medication?

How often does your child miss medication at home? Why? Tell me more about this.

2 I R I A

Has your child ever had a problem from the medication that you didn’t expect? Tell me more
about this.

7. Often, parents make adjustments in how they follow the physician’s instructions at home. Some
parents might feel that their child doesn’t need a particular medication any longer; others might
feel that their child is having more problems, and so might increase the dose. Have you ever
made any adjustments like that?

8. Often, parents give their child’s medication one way, and then realize later on that the doctor had
meant for them to give it some other way. Have you ever had that experience?

9. Has your child ever had an error in her care? Tell me more about this.

10. Was there any harm to your child from the error? Any extra medicines or tests?

11. How do you think the error could have been avoided?

Physician Review and Event Classification

All possible medication errors detected during observation, medication label review, and
potentially dangerous errors in medication reconciliation are recorded on a standardized error
reporting form. This form is an adaptation of forms utilized in outpatient adults and inpatient
children, with modifications based on results of the literature review and pilot work®® >
(Appendix B). The error reporting form provides space for a detailed description of the incident,
including information about any systems failures that may have caused the error and any patient
injury that resulted from the error. Additional sections support this description, by naming the
system failures that occurred and possible improvements to the system that may have prevented
the error.

Possible medication errors are subsequently reviewed by two trained study physicians. Physician
reviewers independently classify each possible error in one of the following four categories:

1. A medication error causing injury to the patient (preventable adverse drug event).

2. Medication error that had the potential to cause injury but did not injure the patient (serious
medication error without injury).

3. Medication error with little potential for injury.
4. Not a medication error (excluded from the study).

249



A medication error is an error in drug ordering, dispensing, administering, or monitoring.*® %% *!

A serious medication error is a medication error that causes harm or has substantial potential to
cause harm.*! For example, if a mother administers twice the appropriate dose of methotrexate to
her 5 year old with leukemia, this is a serious medication error because of the potential for
injury, even if it does not cause any harm.

Failure to administer a prescribed medication is considered an error in medication
administration.® For those incidents categorized as a preventable adverse drug event or a serious
medication error without injury, severity of the error is also rated. Severity is rated as:

1. Clinically significant but not serious.

2. Serious. A serious medication error would be a failure to administer pneumocystis
pneumonia prophylaxis to a patient with cancer for several weeks, due to confusion about the
purpose of the medicine.

3. Life threatening.

4. Fatal.

Pilot Visits

In order to understand the feasibility of these methods, we performed 12 pilot home visits to
children with chronic conditions taking at least one daily medication. One challenge we found in
scheduling the visits is that home medication administration usually occurs before school or
during evening hours for those children enrolled full time in school. One visit took place at 7:00
am, one at 3:00 pm, three at 10 am, and seven between 6:00 and 7:30 pm. Home visits lasted
from 15 minutes to 2 hours, with a median duration of 20 minutes. During these 12 home visits,
we observed the administration of 23 medications and reviewed the labels of 78 medication
bottles.

Reliability

To test the reliability of these methods, two observers observed four medication administrations
and reviewed eight medication bottles together during home visits; observers independantly
detected the same three errors during the visit.

Interrater reliability of independent classification of events by physicians before coming to
consensus was determined and expressed as a kappa statistic. For classification of an event as a
preventable adverse drug event, serious error without injury, or error with little potential for
harm, interrater reliability for the 16 events captured during the home visits was 0.72 (95 percent,
CI1 0.4 - 1.0). Interrater reliability for severity was not calculated due to the small sample size.

Preliminary Data

The rate of errors from our pilot work was surprisingly high. In 12 pilot home visits, 16
medication errors were detected, including seven serious medication errors. Errors detected
during observation included the use of a twice-a-day medication once a day and carrying
EpiPen®s for a nut allergy that were expired. Parents discussed problems with medication use
such as using syringes where none of the markings were visible or a child taking and vomiting
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twice-concentrated medication for 5 days before the family recognized that the medicine was
incorrectly reconstituted.

When assessing an error-detection method, it is also important to consider whether the data
collected during home visits will be valuable in developing systems-based improvements. Prior
research compared observation to two other commonly used methods—chart review and incident
report review—for the detection of medication errors in hospitals and skilled nursing facilities.
Direct ollgservation was found to be more efficient and accurate than chart review and incident
reports.

Limitations

One concern with the use of observation to measure error rates is the idea that people will avoid
making errors when being observed (Hawthorne effect). However, in a study of direct
observation of nurses for administration errors, Dean found no difference between observation
and no observation periods in the percentage of omitted doses and no change in the error rates
with repeated observations.* In addition, our literature review demonstrates that parents are
frequently unaware that they are making errors and are therefore unable to consciously avoid
making errors when being observed. Study nurses are trained in nonintrusive, nonjudgmental
methods to avoid altering the normal pattern of home medication use. Our pilot work indicates
that error rates, even with observers present, may be high in any case.

Researchers face unique ethical challenges in using direct observation to measure errors.* For
instance, the researcher normally attempts to avoid altering the environment while observing it.
In this setting, if the observer notices a potentially dangerous medication error that is about to
negatively affect the patient, the observer is obligated to intercept the error prior to medication
administration.

It is possible, however, that given a few more seconds, the parent may have intercepted the error
himself or herself. In pilot testing, the research nurse never observed an error that required her
intervention. In addition, home visits require a significant time commitment, compared with
chart review or telephone survey methods. Nevertheless, in inpatient research, direct observation
is considered a better method to detect administration errors.

Conclusion

In the outpatient setting, pediatric home medication errors have not been studied with sufficiently
rigorous methods to provide the information needed to guide development of interventions to
support self-management of medicines. Existing methods are not adequate to comprehensively
capture home medication errors. Building on existing research, we described the use of home
visits with observation of medication administration to identify pediatric home medication errors.
Reliability of study methods—as measured by interobserver agreement and interrater event
classification agreement—in pilot studies was good.

These home visit methods, designed to measure rates of home medication errors among children
with chronic conditions, have several other possible applications. The home visit could be
expanded to measure rates of errors in medication use among the entire family, rather than just

251



children with chronic disease. Similarly, other vulnerable populations—such as the elderly,
Medicaid patients, or non-English-speaking patients—may benefit from this line of research.
These home visit and ethnographic methods may aid those interested in cultural differences in
medication use, compliance, and disease care. Health literacy could be evaluated during home
visits to assess the relationship between parent health literacy and parent administration errors.
Similar methods could also be used to understand medication use by children with chronic
disease in schools. These methods may be used to develop and test interventions to prevent
systems failures associated with serious medication errors in outpatient children with chronic
disease.

In summary, little information is available about pediatric medication errors in the home, where
the vast majority of pediatric medications are taken, in part because current research methods are
not adequate for the home setting. Building on approaches utilized in outpatient adults and
children and on prior inpatient observation studies of nurse administration, we developed home
visit methods to detect pediatric home medication errors. These home visit methods may be used
to understand and quantify home medication errors in many different patient populations,
providing information needed to better support safe medication self-management.
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Appendix A: Home Visit Data Collection Form
To be completed for each home visit even if no possible error is detected.

1. Study ID number
2. Date of home visit

3. Time of home visit

4. Age:
5. Weight: pounds OR
6. Height: inches OR

7. Gender: male female

8. Diagnoses at the time of the home visit:
a.

MILITARY TIME

kilograms

centimeters

b.

C.
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9. Persons participating in interview:

10. Who administered medication during this visit?

Mother
Father

Child
Grandparent
Sibling
Visiting nurse

Other:

Table 11. Allergies to medicines and reaction

Medical record L NoNE Interview L] NoNE

Drug Reaction Drug Reaction
A. A.

B. B.

C. C.

D. D.

E. E.

F. F.

G. G.

H. H.
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Med list from chart medication list. Verify against bottle label, note differences, observe medication
administration, note errors.

Volume of Medication label the same? Administration Correct?
dose or pill Freq. of Fill Exp (If no, write in letter (If no, write in letter
Name Conc. strength Route dose date date from list 12b) from list 12¢)

zZzxX|gx|gx|zxXx|gx|gx|gx|gx|gx|zgx|gx|zgx|2Xx
zZzxX|gx|gx|zx|gx|gx|gx|gx|gx|zgx|gx|gx|z2Xx
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Med list from chart medication list. Verify against bottle label, note differences, observe medication

administration, note errors. (continued)

Name

Conc.

Volume of
dose or pill
strength

Route

Freq. of
dose

Fill
date

Exp
date

Medication label the same?
(If no, write in letter
from list 12b)

Administration Correct?
(If no, write in letter
from list 12¢)

zxXx|zx|gx|zx|Z2x|gx|2Z2 X

zxXx|zx|gx|zx|Z2x|Z2x|Z2X
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12b. Label Differences: 12c. Administration differences

No longer takes

a. . .
a. Administration
b. Different concentration
c. Different volume b. Wrong frequency
g c. Wrong route
d. B!geren: ][oute d. Wrong instrument (e.g., tablespoon instead of teaspoon)
]?' D!fferent .r%que:[.ncy e. Unable to see lines on syringe
' A(deetr'en Iln |c§1 'Orl listed i dical q f. Overdose
g. medl llic;?a med not listed in medical recor g. Underdose
Pill Count
a. Too many pills
b. Too few pills
c. Volume too small
d. Volume too large
e. Medication expired
f. Drug interaction
13. Was a possible error found? Yes  No__

If yes, please list the event # and complete an error- reporting form for each different event.
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Appendix B: Error Report Form

Only to be completed for index cases with possible errors

If a single index visit has more than one error, a separate form should be completed
for each possible error

DESCRIPTION OF EVENTS INVOLVED IN ERROR

Please include period leading up to, during, and following the error. It is important to emphasize
data that would help determine if: 1) an error in care occurred; 2) the error reached the patient or
was intercepted before reaching the patient; and 3) the error injured the patient.

Brief Description of error

Date of error

Detailed Description of error
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What was the final outcome of the error?

|DETAILS OF ERROR

2. Person primarily responsible for the error:

[J,0ncologist O, Fellow [J5 Other physician [, Nurse practitioner
s Physician assistant Og Nurse O, pharmacist g Patient or family
g None ;o Unable to determine O,,0ther

3. At what level in the process did the primary failure occur?

4. Additional levels where failure occurred?

PROCESS LEVELS 1. Pharmacy prepares/dispenses
2. Medication administration
3. Monitoring for side effects

4. Other

5. Unable to determine
5. Was anyone notified of the error? (may select more than one)
0,Physician 0O, Fellow O3 Nurse [, Physician assistant
Os Pharmacist Og Patient or family [, None Og Unable to determine

Og Other
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6. Who initially discovered the error?

[J+Physician O, Fellow 5 Nurse [, Physician assistant
5 Pharmacist [ Patient or family [, Secretary
g None g Unable to determine ,,Other

|OUTCOMES OF ERROR

7. Was any additional vital sign monitoring performed because of the error?

O, No O, Yes

8. Was any additional medication given because of the error?
O, No O, Yes

9. Was any additional blood work performed because of the error?
Oy No O, Yes

10. Was any additional radiologic test performed because of the error?
Oy No O, Yes

11. Was any additional invasive procedure (other than blood work and radiologic tests)
performed because of the error?

Oy No O, Yes

12. Was any additional clinic visit made because of the error?
Oy No [J; Yes

13. Was any additional outpatient consult made because of the error?
Oy No O, Yes

14. Was any additional emergency room visit made because of the error?
O, No O, Yes

15. Was the patient admitted to the hospital because of the error?
Oy No [, Yes

16. Was the patient admitted to the intensive care unit because of the error?
O, No[; Yes

17. Did the error injure the patient?

[Jo No (If no, please stop here) [J; Yes

262



Drug A

18. Name of drug involved

19. Dose of drug

20. Unit of drug dose:

O, Drops O, Grams O3 Kilograms
Os Liters s Micrograms O, Milligrams
o Units .o Other

21. Route of drug ordered:

[, Central venous access [, Intramuscular O3 Topical
s Intravenous s Subcutaneous 7 Sublingual
Og Other

22. Frequency of drug ordered

23. # doses received in the 24 hours previous

24. # doses received in last week

Drug B

O, International Units

Og Milliliters

O, Oral

Please complete only if there were more than one medication involved in the error being
described. If there were two different medications involved in different errors complete a

separate event identification form.

25. Name of drug involved

26. Dose of drug

27. Unit of drug dose:

O, Drops O, Grams O; Kilograms O, International Units
Os Liters O Micrograms O, Milligrams Os Milliliters
Og Units Oy Other
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28. Route of drug ordered:

[, Central venous access [, Intramuscular O3 Topical O, Oral
s Intravenous Os Subcutaneous 7 Sublingual
Og Other

29. Frequency of drug ordered

30. # doses received in the 24 hours previous

31. # doses received in last week

Drug C

Please complete only if there were more than two medications involved in the error being
described. If there were two different medications involved in different errors complete a
separate event identification form.

32. Name of drug involved

33. Dose of drug

34. Unit of drug dose:

0, Drops O, Grams O3 Kilograms O, International Units
Os Liters s Micrograms 7 Milligrams Og Milliliters
Oy Units O, Other

35. Route of drug ordered:

[, Central venous access [, Intramuscular O Topical O, Oral
s Intravenous s Subcutaneous 7 Sublingual
Og Other

36. Frequency of drug ordered

37. # doses received in the 24 hours previous

38. # doses received in last week
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Developing a Community-Wide Electronic
Shared Medication List

Ron Stock, MD; Eldon R. Mahoney, PhD; Dawn Gauthier, MIS; Linda Center;
Mary Minniti, CPHQ; James Scott, MD; Marc Pierson, MD; Lori Nichols

Abstract

This study demonstrates the feasibility of developing a medication list e-tool from multiple
medication data sources that is accessible to patients, caregivers, and health care practices and is
“portable” or accessible wherever patients go. A single medication list was created electronically
by integrating data from the Shared Care Plan, a Web-based personal health record, and clinic
electronic medical records (EMRS) to create a single, Web-based view. The feasibility of sharing
accurate, updated information with everyone involved in a patient’s care was explored using
innovative technology and training, while motivating health care professionals and patients to
communicate medication regimen changes. Qualitative and quantitative evaluation
methodologies were utilized to assess the impact of interventions among three outpatient clinic
sites and 108 adult patients. Through extensive collaboration, clinic sites improved the accuracy
of patient EMR medication lists, medication safety culture improved, and patients found the
electronic medication list beneficial.

Introduction

Thousands of deaths and injuries occur annually in hospitals due to preventable medical errors,
and preventable drug reactions are a leading cause of these errors." An Institute of Medicine
(I0M) report? suggests that medication errors leading to adverse drug events (ADEs) are as
frequent or more frequent in the ambulatory setting. According to the report, a key approach to
developing and maintaining a safe medication management system is to establish a strong
clinician-patient relationship, improve patient medication self-management and availability of
information, develop a culture of medication safety in the health care setting, and use health
information technology to improve medication management. Only through engagement of
multiple stakeholders in the medication management process will medication safety improve.

Despite the fact that medication prescribing is the most frequently used therapeutic intervention
and that nearly two-thirds of office visits end with a prescription, relatively little is known about
the ADEs that occur in the ambulatory clinic setting.® ADEs occur frequently in the outpatient
clinical setting, and as many as a quarter of them are preventable.* > A recent survey using an
ICD-9-CM code methodology® found that during the period 1995-2001, 2.5 to 3.7 per 1,000
physician office visits and 1.8 to 3.4 per 1,000 hospital outpatient visits involved ADEs.

In the outpatient setting, medication errors and subsequent ADEs can result from physician/
provider-related, health system/practice process-related, or patient-related factors or a
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combination of these factors. To understand these factors, it is important to examine the
processes involved in each of these three domains. Although little is known about the processes
and/or risks in all domains, probably the least known are patient-related processes and risks from
the patients’ perspective.

From the ambulatory practice perspective, it is assumed that management of an accurate
medication list would result in fewer medication errors and, therefore, fewer ADES across the
continuum of care. A fundamental problem in the outpatient setting occurs when a clinician does
not have immediate access to an accurate list of the medications a patient is taking. Lack of
access to accurate information presents a serious gap that prevents providers from delivering
optimal health care services and increases the risk of medical errors. Another challenge is to
implement reliable medication safety practices in every outpatient clinical setting and across the
care continuum. Discrepancies between medications recorded in clinical office files and patient-
reported medications are common and involve all classes of medications, prescribed and over the
counter. These discrepancies present a particular risk to older patients who are taking multiple
medications.’

This project was based on the premise that creating an accurate medication list and making it
available to patients and caregivers at each encounter within the broader health care system
would enhance medication safety. We hypothesized that patient engagement is a critical
component for maintaining an accurate medication list. Effective interactions between the health
care system and patients, especially those on complex medication regimens, are uncommon in
today’s health care environment. The challenge is to implement reliable medication safety
practices in every outpatient setting, with involvement of patients and all their caregivers across
the care continuum.

Methods

The project’s goals were accomplished through three objectives, to:

1. Develop a single, updated, and reconciled medication list and care plan that would be
electronically and manually accessible to patients and their caregivers, physicians, alternative
care practitioners, clinics, hospitals, home health aides, nursing homes, and others who
participate in the care of each patient.

2. Develop a medication reconciliation process that involves the patient, clinic, and other health
care providers or care settings.

3. Measure perceptions of patients and clinicians regarding safety and satisfaction with the new
electronic tools; measure use of the electronic tool by patients and clinicians; measure the
degree to which medication discrepancies occurred in the clinic setting; and use focus group
interviews to analyze the impact of the process on culture change.

Quantitative and qualitative methodologies were used to assess the impact of the community-
wide electronic shared medication list. Objective medication list accuracy outcomes and the
perceptions of patients and clinicians on safety and satisfaction with the tools were explored.
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Participants

PeaceHealth is a nonprofit, integrated health care system that operates hospitals and clinics in
Washington, Oregon, and Alaska. In 1990, the PeaceHealth leadership set out to develop a
sophisticated information management system that would support a standardized electronic
medical record that was shared by each of its health care facilities. Over the past decade,
PeaceHealth has developed new tools and software programs that can provide medical
information accurately and efficiently.

In 2002, PeaceHealth, on behalf of the Whatcom County Community Health Improvement
Consortium in Bellingham, WA, was awarded a Robert Wood Johnson Foundation Pursuing
Perfection Initiative grant to create innovative chronic care services focused on strengthening
patients’ ability to manage their own care and to create a more effective community health care
system. One outcome of that project was the Shared Care Plan (SCP), an online personal health
record (www.sharedcareplan.org) designed with feedback from patients and health care
professionals. One feature of the SCP is a medication list maintained by patients, who then share
that information with their family and health care professionals.

Based on their interest in improving medication safety and experience in quality improvement
projects, three ambulatory care clinics were chosen to participate in this project:

1. Senior Health and Wellness Center (SHWC), in Eugene, OR, with four geriatrician providers
and two nurse practitioners.

2. Center for Senior Health (CSH), in Bellingham, WA, with seven adult medicine and
geriatrician providers.

3. Health Associates at Peace Harbor (HAPH), in Florence, OR, with 13 adult care providers.

A medication safety quality improvement team—involving providers, nurses, administration,
pharmacy, and patients—was formed at each pilot site. Adult patients were recruited from all
practice sites to test the SCP and electronic medication management processes.

The Single, Updated, and Reconciled Electronic Medication List

The clinic medication process-mapping phase and technical development of tools occurred
simultaneously. Technical design questions included:

1. How can technology support the medication reconciliation process?
2. How can existing medication data be shared?
3. How can PeaceHealth build on what has already been learned from existing electronic tools?

To answer these questions, a user-centered design methodology® was employed, in which the
tasks, needs, wants, and limitations of the end users within each system were given attention at
each stage of the design process. From as many source systems as possible, including the patient,
the intent was to collect information on one page that would allow health care professionals to
better identify and document within their systems exactly which medications each patient was
taking.

Initially, a shared medication list functionality was developed within the SCP that provided
medication information from the provider-managed electronic medical record (EMR) and the
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patient’s documentation via a single Web page. This Web page, called “Meds On Record”
(MOR), was available within the SCP medication list function. Because of the recognized value
in showing allergies and intolerances when prescribing medications, that information was also
made available through the MOR. The medication list included both prescribed and
nonprescribed medications. This project also developed functionalities within the SCP for
patients to document their personal health goals and to store electronic copies of their advance
directive.

“Meds On Record” Functionality

With patients entering medication

data into their SCPs and health LastWord | |AliScripts| | RCopia | | Sfared
care professionals entering Lisworanmany | | ‘padentinder {persaniD) Plan

medication data into their EMRs, it
was possible to build interfaces to
the participating systems in order
to create the Meds On Record view
(Figure 1).

ared
Care Plan
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e PeaceHealth, using GE/IDX
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real-time data from source systems _
instantly upon user request. The Figure 1. “Meds On Record” functionality diagram.
AllScripts interface utilized HL7

messages sent through an interface engine and then stored in a database each night. As a best
practice for privacy and security, the database that brings together all of the sources for display
in Meds On Record deletes all data after each individual user session.

To match patients among the different systems, an existing master patient index that included
both PeaceHealth and Oregon Cardiology data was used to match patients among the SCP,
LastWord, and AllScripts. RCopia used demographic data from the SCP to match patients in its
system and then store the patients’ unique SCP IDs in the RCopia system.
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Patients accessed Meds On Record through their SCPs, while health care professionals accessed
it from a Web link within their clinical systems. In the LastWord (EMR) system, health care
professionals received notification by a pop-up alert whenever they activated the record of a
patient who was participating in the project. This made it easier for clinicians to remember to
implement the process of medication reconciliation using the Meds On Record tool for these
patients. Patients could also print their medication list and personal health information in a
wallet-sized format that they could carry with them.

The Ambulatory Medication Reconciliation Process

The three clinic pilot teams mapped current medication reconciliation processes at the beginning
of the study, identified “best practices” in medication reconciliation as the goal, and worked
toward achieving that goal. At the time of process mapping, the electronic tool was not used but
was considered later for the best practices process design. The SHWC team was most successful
using small steps of change. Newly defined processes were implemented at the practice level,
with one provider and one nurse, plus full participation of the receptionists and patients. The
HAPH group had been working on medication list reconciliation for 2 years, thus requiring
integration into an already re-engineered medication process. The CSH was undergoing
reorganization and a physical site move early in the study but by early summer 2005, was fully
participating in process redesign.

As study participants, patients at the three sites were asked to maintain an accurate medication
list in their SCPs. Through interview processes and participation from patients in the quality
improvement teams, a better understanding of patient and caregiver use of the SCP and
Medication List functionality helped the clinic team understand how to integrate the clinic’s
medication management process with patients.

Project Evaluation

The following quantitative and qualitative measures were utilized to evaluate the impact of
interventions used in this project:

Ambulatory medication safety culture survey. An ambulatory-focused survey® measuring the
degree to which a culture of medication safety was present in a clinic was developed using
components from previously studied safety culture surveys, which were primarily hospital-
based.™ 12 Baseline data from office staff were collected for the three clinics prior to
intervention (June 2004 for two clinics, August 2004 for the third). A followup survey for all
three clinics was carried out in June 2005.

Patient experience with the shared medication list (PESML) survey. Each clinic was asked to
recruit 35 patients over the age of 18 as active participants in process improvement and design.
After PeaceHealth System IRB approval, patients were identified and recruited to participate,
and participant informed consent was obtained. Patients were registered into the SCP and trained
in the use of the tool. A 19-question telephone survey (PESML) was conducted 60 days after
patients signed up for the SCP to solicit information about their experiences using the shared
medication list and SCP.*?
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Patient satisfaction survey. PeaceHealth regularly conducts patient satisfaction surveys with a
probability sample of patients following an office visit. Two questions were added for patients
from the participating clinics to evaluate their perceptions of medication safety in those clinics.
These two questions were: (1) “I am confident that my primary provider knows all of the
medications | am currently taking”; and (2) “I am confident that all of my health care providers
other than my primary doctor know all of the medications | am currently taking.”

Medication list discrepancy measure. The aim of this outcome was to measure the degree to
which the medications a patient is taking are known by the primary care physician or practice
where the patient receives care. A tool was developed to measure the extent of medication
discrepancies between what the patient was taking and what was documented in the medical
record. Using a standardized tool and process,** a sample of 15 to 30 patients at each of the three
primary care clinics was randomly selected at baseline (pre-intervention), and then a new sample
was chosen monthly to measure the percentage of medication discrepancies. One clinic

(Clinic B) chose to obtain discrepancy data from all patients coming for an ambulatory visit
during the post-intervention period. A percent of medication discrepancies was calculated for
each patient by dividing the number of meds the patient was taking that were not on the med list,
or the number of meds the patient was not taking that were still on the med list (discrepancies),
by the total number of medications that would accurately reflect the patient’s medication list.

Focus group and observational review. An experienced outside consultant was hired to query
the Agency for Healthcare research and Quality (AHRQ) Leadership Oversight Group and
document the leadership team’s perceptions of this project and change as a result of the project.
This group included the regional executive sponsors and leadership and project management
(both technical and process). A baseline focus group was conducted September 15, 2004, with a
follow up conducted June 15, 2005. Additionally, interviews and observations of patients,
caregivers, health care professionals, clinic staff, and technical support staff were recorded
throughout the study.

Results

Ambulatory Medication Safety Culture Survey

Staff, including physicians from all three pilot clinic sites, completed an online PeaceHealth
Ambulatory Medication Safety Culture Survey® pre- and post-intervention. The total number of
clinic staff completing the survey in the first administration was 62 (response rate = 60 percent;
Clinic A: N = 20; Clinic B: N = 16; Clinic C: N = 26). In a second administration 12 months
after the intervention, the total number of staff survey completions was 80 (response rate = 77
percent; Clinic A: N = 20; Clinic B: N = 28; Clinic C: N = 32). The 16-item survey showed good
internal consistency reliability with minimal ceiling and floor effects. Cronbach alpha was 0.94
and 0.90, respectively, for the two administrations. The internal consistency reliability was
maintained in all clinic sites (Clinic A = 0.96; Clinic B = 0.90; Clinic C = 0.94).

Item difficulty. Item difficulty is the degree to which a survey item is easy or hard to agree to. In
this survey, the difficulty of the items has a hierarchical structure, since to have measurement of
a culture of medication safety, there must be a sufficient range of item difficulties. Since the item
difficulties indicate how difficult it is to put each item’s referenced component in place in
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building a culture of medication safety, information can be provided in terms of the
developmental progress in building such a culture in the clinic environment. The most difficult
item for staff to endorse was, “In this clinic we have defined protocols about reporting and
discussing medication mistakes that almost happened and could have harmed a patient but did
not.” Nearly half of the staff felt a need for defined protocols for reporting and discussing
medication mistakes. Approximately 20 percent of the staff would be concerned if a member of
their family were a patient there due to concerns about possible medication errors.

Clinic differences and change over time. To evaluate differences among the three clinics and
change over time in the culture of medication safety, a univariate general linear model analysis
was conducted on survey scores. Clinic and year (2004, 2005) were fixed factors with no
covariates. There was a significant between subject’s effect for clinic (F = 9.65, P <0.0001) and
year (F =17.5, P <0.0001) and a significant clinic-by-year interaction (F = 14.28, P <0.0001).
The nature of the interaction was that Clinic A and Clinic B significantly improved in culture of
medication safety from 2004 to 2005, while there was no significant change in Clinic C (95
percent Cl). At baseline in 2004, there were no significant differences among the three clinics,
but in 2005, Clinics A and B had a significantly higher culture of medication safety score than
Clinic C (95 percent Cl).

Patient Experience with the Shared Medication List (PESML) Survey

To assess patients’ experience with the SCP medication list, 104 patients (Clinic A, N = 38;
Clinic B, N = 34; Clinic C, N = 34) were recruited from the three pilot clinics. Of all consenting
participants, 59 percent accessed their SCP within 60 days of signing up for participation

(N =61): Clinic A, N = 26; Clinic B, N = 18; Clinic C, N = 17). A completed telephone survey
was obtained from 51 participants (response rate = 84 percent; Clinic A, N = 26; Clinic B,

N = 10; Clinic C, N = 15). Only patients who had accessed their SCP were contacted for the
telephone survey. Table 1 summarizes the telephone survey responses.

Patient Satisfaction Survey

Using a patient satisfaction telephone survey, 486 patients receiving care in the three pilot clinics
answered two questions about their perception of providers’ knowledge of the medications they
were currently taking. Overall, 95.8 percent of patients agreed or strongly agreed with the
statement, “I am confident that my primary provider knows all of the medications I am currently
taking”; 62.1 percent of patients strongly agreed with this statement. Although lower than for the
primary care provider, 92.6 percent of patients agreed or strongly agreed to, “I am confident that
all of my health care providers other than my primary doctor know all of the medications | am
currently taking”; 45.6 percent of patient responders strongly agreed with this statement. These
rates of confidence did not differ significantly by clinic. Answers to these two confidence
questions were not related to the patient’s age or sex. Testing differences in mean confidence
rating of patients surveyed in different months (January 2005 to June 2005) showed no
difference in confidence rating by month (F <1 for both questions).

271



Table 1. Summary of patient experience with shared medication list
(PESML) telephone survey results

e A majority (61 percent) of patients reported going online to look at their medication list.

e A large majority of patients found the SCP easy to access and the medication list easy to use, to
read (100 percent), and to print (94 percent).

e 96 percent of patients thought the medication list contained all the information they needed to
understand what medications they were taking, when to take them, and how to take them.

e Patients were more likely to take a printed copy of the medication list to providers other than their
primary care physician.

e An equal number of patients never took a printed copy of their medication list to a primary care
physician visit or always took a printed copy to a primary physician.

e A majority (78 percent) of patients said that having a medication list made them confident that
wherever they went for health care, the providers would know which medications they were taking,
and they would not be given a medication they should avoid.

e Most patients said they would indicate on the medication list whether they were not taking a
prescribed medication (92 percent) and would report herbals and other over-the-counter
supplements (97 percent).

e A majority of patients felt that having a medication list made them more confident they were taking
their medications correctly (78 percent), and they felt their primary care physician knew which
medications they were taking (86 percent).

e 97 percent of patients said that having their medication list made it easier for them to take an active
role in their health care.

e 90 percent of patients said that having a medication list improved the communication between
themselves and their health care providers.

e 83 percent of patients said that having a medication list made them more aware of the possibility of
medication errors; the same percentage said it reduced their fear that a medication mistake would
be made.

Medication List Discrepancy Measure

It was hypothesized that the number (percent) of medication discrepancies between the practice
medical record and what the patient is actually taking would decrease following the intervention.
Using a standardized tool and process,** a sample of 15 to 30 patients at each of the three clinics
was randomly selected at baseline (pre-intervention), and a new sample was chosen monthly at
two clinics to measure the percentage of medication discrepancies over time. The third clinic
(Clinic B) acquired discrepancy data from most patients daily during a 5-month postintervention
study period. From the three primary care clinics, 903 patients provided medication use data
(Clinic A, N = 178; Clinic B, N = 614; Clinic C, N = 111).

Change in medication discrepancy. To examine whether the clinics reduced medication list
discrepancies over time, a statistical process control analysis was conducted for each clinic. The
analysis first examined whether a process was in place, with a statistical process control analysis
assessing whether the variability across the months following intervention was in control (2-
sigma control limits). If the variability was out of control, there was no process in place, and it
was not meaningful to see if the process was in control.
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If the process was found to be in place, it was then determined whether it was in control and for
how long by examining the mean percent medications discrepant by month using 2-sigma
control limits. Clinic A developed and maintained a clear process until 10 months post-
intervention, at which time the variability exceeded the control limits. In Clinic C, with the
exception of months 9 and 10 post-intervention, the variability in percent medications discrepant
was within control, and Clinic C did develop a process of medication reconciliation. Month 9
was characterized by excessive variability, which was followed by a sharp decline in process
variability in month 10. In the pre-intervention month for Clinic C, the process was out of
control, but there was an initial sharp decline in discrepant medications, and that decline
continued steadily throughout the study period. Of the three clinics, Clinic B most definitively
developed a process from month 1 onward and maintained that process in control for the same
period. Figure 2 shows that all three clinics developed a process and reduced the percentage of
medication discrepancies over the postintervention period.

Comparison of data at baseline and 3 months post-intervention. When all clinic data were
combined at baseline and compared to 3 months post-intervention, the evidence indicated that
the accuracy of medication lists improved. At baseline, 20 percent of medication lists examined
in the three clinics reported no discrepancies (i.e., the patients’ medication lists were the same as
those listed in the office medical record). Three months after initiating the intervention, over 50
percent of the medication lists had no discrepancies, and the number of very large discrepancies
declined considerably (Figure 3).

Focus Group and Qualitative Findings

Leadership oversight focus groups. The purpose of the focus group interviews was to
qualitatively capture key lessons from the project. Key findings from the focus groups, as
perceived by project and health system leadership include:

e Although leadership initially thought improvement in medication list accuracy required a
technical solution, most came to realize the larger, more critical piece was the interpersonal
communication between the clinic team, patient, and IT technicians.

e The importance of issues related to accountability, culture, and communication at various
levels of staff involvement from providers to nurses to receptionists was acknowledged.

e The recommendation to include patients in team meetings and discussions on process
improvement was believed to assure success.

e Patient participation in the development of the tool and the process work promoted a positive
culture change in participating clinical practice groups.

e Patient electronic medication list functionality needs differ from the needs of health care
professionals.

In summary, leadership observed that an organizational transformation occurred from fear of
including patients on quality improvement teams to full participation and transparency of clinical
challenges and processes. Much was learned about the key components to successful quality
improvement, such as building infrastructure to support all participants, including patients and
staff, stakeholder ownership and engagement in the process and development, utilizing small
steps of process change, and finding value in continuous feedback from patients and staff.
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Finally, there is still a need to address the use of multiple electronic tools in the health care
system, to identify the tool(s) of choice, and/or to determine how they should work together.

Health care professional observations. Early discussions with providers and staff dealt with the
definition of an “accurate” medication list, who would be accountable for maintaining the
medication list, and which medications—prescribed or nonprescribed—~belonged on the list. To
many health care professionals, the accurate list was the one they documented in the EMR,
which identified the medications they had prescribed. After much discussion, it was concluded
that the dictionary definition of “accurate”—*"conforming exactly to fact; errorless”—meant that
knowing which medications patients chose to take was a critical component.

A consensus was reached that accountability for an accurate medication list needed to be shared
between the health care system and the patient. It was agreed that the primary care physician or
the “medical home” chosen by the patient was responsible for maintaining the EMR medication
list. In addition, a need was identified to update EMR medication functionality. The EMR had
been designed as a prescribing tool, but it does not easily support maintaining an accurate,
continuity-based medication list that reflects which medications patients are actually taking.

It was evident that having team members who were participating in the study at the point of
service led to improved outcomes. Engagement declined as team membership was removed from
the actual patient/provider interface. For example, in one clinic the team included the pilot
provider, a nurse, and two patients. At another site, where they did not have direct provider or
patient participation, staff and provider engagement was perceived to be lower.

Patient participation on the clinic team was a new experience for everyone involved. Early on,
concerns were raised about sharing internal process problems with patients. Qualitative feedback
from some participating clinicians revealed a fear that patients might lose trust if they were
aware of the challenges and complexity of our medication processes. However, patients involved
with the team reported that they knew there were internal process problems, and they were glad
to be asked to help resolve them. The patient trust level actually improved, and the team became
comfortable with patient engagement.

Patient observations. Patients made assumptions about provider access to their information and
about their ability to communicate problems. Patients’ attitudes about communicating with their
health care professionals were key to achieving an accurate medication list. Interviews revealed:

o Several patients were surprised at how complex prescribing and maintaining an accurate
medication list could be, particularly when multiple providers in multiple care settings were
involved.

e Most patients thought their doctor knew exactly which medications they were taking,
regardless of whom in the community might have prescribed them.

o Patients often did not tell their doctor that they were not taking a prescribed medication due
to its cost or because it made them ill. These patients were either afraid of “disappointing”
the doctor or having the doctor “yell” at them.

Caregivers of more frail and vulnerable participants found the SCP to be a valuable information
resource. Relatives or close friends assisting with patients’ care were especially grateful to have
a portable repository of personal health information. During an emergency, the SCP provided
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them with the information they needed to communicate with the health care professionals
providing care.

Discussion

The process of medication management in the ambulatory care setting was improved through a
collaborative effort among patients, clinical practices, information technology support staff, and
the health care system. Each partner experienced a unique set of “key lessons.”

Patients

Patient involvement in the quality improvement process and technical development of tools was
critical. This new relationship with health care providers led to clinical work practices that were
more effective, efficient, and sustainable. Patients found the electronic medication list to be
beneficial and desirable. The ability to see their EMR medication list alongside their own SCP
list in the “Meds On Record” view made them feel safer and more confident that fewer
medication errors would be made. Patients also felt the use of this tool improved
communications with their providers. Tools such as the Healthwise® medication information
software program, which was linked to the electronic medication list, created new opportunities
for educating patients about their medications. Many patients assessed the value of the e-tools
according to their perception of how much their participating clinician used it.

Patients perceive that their providers know more about their medications and have more
confidence in the accuracy of their medication lists than is actually true. This was evidenced at
baseline by high patient satisfaction scores despite a high degree of clinic site medication list
discrepancy scores. Some patients do not fully understand the importance of maintaining an
accurate medication list, and so, there was surprise when study participants realized its
complexity. Patient engagement in the process is the only way to develop and maintain an
accurate medication list. However, patients need to be educated and trained to maintain such an
accurate list. This knowledge and the skill to effectively interact with the health care system will
require focused attention to health literacy principles, something that is not commonly addressed
in our health care system today. This is especially important for patients with complex
medication regimens.

Only 59 percent of patients who signed up for the SCP in this study actually accessed their SCP
within the first 60 days after signing up. Although this finding was somewhat low, there could be
a number of explanations. For example, once patients’ information was documented in the SCP,
they might not have felt a need to access their data unless there was a change in meds or care
plan. Many of the patients in this study were relatively healthy and functional, and so, changes to
their care plan were probably infrequent and therefore presented no need to access their SCP. It
has been observed subsequently that patients tended to access their SCP immediately prior to a
health care encounter. So if these encounters were infrequent, then their access to the SCP would
also be infrequent.

Patients might also be unaccustomed to accessing an electronic tool to maintain or share their

medical information. Although most participants were comfortable using a computer, interacting
with the health care system using this tool was new to them and would likely have required
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training. Patients reported that they were likely to use the tool if they knew their health care
provider was also looking at their information or engaged with the patient to use the information
in their SCP. It could be that patients who perceived that their provider was not using or looking
at their information might lead them to use the tool less often. Clearly, a more longitudinal
evaluation of the SCP would provide meaningful information about usage of the tool.

There were some technical usability issues and fear of technology among patient participants.
Many older adult participants were intimidated by the concept of recording and monitoring
medications electronically. The SCP print feature, which produces a wallet-sized list of
medications, was a successful tool for patients who preferred a paper record. As younger adults
age, technical skills likely will improve, and these tools will be more acceptable.

Health Care Clinics

Two major improvements occurred in the clinic setting: (1) the clinic medication safety culture
increased, and (2) the accuracy of the medication lists in the EMR improved. The Ambulatory
Medication Safety Culture Survey proved to be an effective tool for providing feedback to clinic
staff regarding the perception of medication safety in their work environment. Discussion among
clinic staff about how they could make their clinic safer was an effective intervention.

Redesigning the process by which medications are managed in the clinic practice workflow led
to more accurate medication lists. Staff and providers were highly motivated to raise the
awareness of medication safety and to design more reliable processes to ensure accurate
medication lists. Five key process components were developed to guide medication management
at every ambulatory clinic encounter:

1. All patients are asked to provide a current list of their medications.

2. Clinic personnel review the list with the patient at the beginning of the office visit.

3. The patient’s medication list and EMR medication list are reconciled and documented.
4

Any new prescribed medications are checked for interactions/conflicts with an updated,
reconciled medication list in the EMR.

5. The patient is offered a paper copy of an updated, reconciled medication list at the end of the
visit.
In one clinic, accuracy of medication lists improved through the process redesign, but the culture
of medication safety did not. This raises the issue of whether improving care processes leads to
improved safety culture or vice versa. It could be that providers and staff are good at making and
following workflow process decisions regardless of the cultural context. Followup will be
needed in that clinic to see whether the new workflow processes are sustained, since it is
hypothesized that clinic culture might affect work process sustainability. It is also possible that
improvement in the culture of safety at that particular clinic would require more than the
12-month period used in this study.

Some clinicians found that medication discrepancies could be reconciled faster using the e-tools,
creating more confidence about knowing which medications patients were taking. Clinicians
reported more discussions with patients about nonprescribed medications and an improved
ability to assess how well patients understood their medications. Overall, clinicians felt this
improved communication with patients.
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Alternatively, there was a realization that a standardized, reliable medication management office
workflow process requires more staff and provider time, which could be a barrier for many
clinicians. Studies that demonstrate the downstream benefits and potential cost and time savings
with safer medication management practices will be needed in the future.

Health Care System

This project received considerable support, both financially and through advocacy, from the
highest levels of PeaceHealth leadership. There was a strong belief that safer medication
practices in the ambulatory setting would lead to fewer errors and adverse events in the clinic,
emergency department (ED), and hospital. Anecdotally, it was reported that more accurate
medication lists reduced time spent in reconciliation within the ED and inpatient units, allowing
clinicians to make expedient clinical decisions.

Patient involvement, both in participating in quality improvement projects and in engaging
patients to be more actively involved in managing their medication lists, was a key feature that
became more ingrained in the organizational culture. This study allowed further exploration and
dissemination of patient involvement strategies across other regions in the organization. This
level of involvement is now an expectation of all quality improvement projects in PeaceHealth.

The study confirmed the importance of user-centered design methodology in the development of
electronic tools to support care, rather than the alternative of developing the tools and then
making them work in existing practice workflow. Access to, and relationships with, clinic staff
and patients led to a user-friendly tool that is more likely to be used and sustainable over time.
Technical staff confirmed that a Web service approach is preferable to databases. Interface
building with the three different data sources was resource-intensive, and data from prescribing
software does not necessarily lend itself to an effective and efficient medication management
process. A free Shared Care Plan CD and Developers Manual have been created for health care
systems and entities interested in implementing these tools.™

Conclusion

This project demonstrated that it is possible to develop a medication list e-tool from multiple
medication list data sources that is accessible to patients, caregivers, and health care practices
and is “portable” for use wherever patients go. The process of medication management in the
ambulatory setting improved through collaboration among patients, clinical practices, Web
support staff, and the health care system. For over a decade, PeaceHealth has had a mission of
developing an electronic community health record that would be accessible to all caregivers
needing access to these data. This project added another piece to that endeavor and expanded an
understanding of the technology and work processes necessary to implement such a record in the
community. As a combination of the personal health record functionality found in the SCP and
an EMR patient application, PatientConnection is the base concept of a new project to develop a
patient portal. The portal work would provide patients and caregivers with an anytime/anyplace
Web-based tool to facilitate active communication of accurate, specific information and patient
requests or concerns.
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Many of the issues, barriers, and successes experienced in this project will likely be repeated as
regional health care information networks are developed. This will be particularly true as
interfaces are built across disparate electronic systems, as new technologies and vendors emerge,
as public-private relationships are formed, and as implementation occurs in systems of care that
have different cultures and agendas.

Does a shared electronic medication list reduce medical errors and adverse drug events?
Although it appears that medication list accuracy and practice culture improves, it is still not
clear that primary clinical outcomes are affected by this intervention. Only through further
research that randomizes patients or practices of care with a much larger population followed
longitudinally will this question be answered. Also of interest would be whether some patient
populations, such as those with more complex medication regimens or with multiple or specific
chronic conditions, would reduce their risk of adverse events by participating in this model of
care.

Creating medication management processes and improving the culture of medication safety in
the ambulatory care setting are critical to improving patient safety. This study has explored,
tested, and developed reliable, standardized processes and a tool to measure safety culture that
other ambulatory clinics can replicate. These processes and tools can be implemented whether or
not electronic tools are available.

Implementation of medication reconciliation and management processes is now occurring in all
medical groups across all five PeaceHealth regions. Addressing medication management across
the continuum of care has no doubt led to safer care of patients and has had a positive impact on
clinic culture across the organization. However, it is a continuing challenge to work with
nonaffiliated medical practice groups, specialty groups, pharmacies, long-term care facilities, and
others who do not share the same culture or have competing priorities.

Throughout the implementation of this project, innovation and discovery continued to reveal
important lessons about engaging patients, ambulatory medication management processes and
the electronic tools necessary to support those processes, patients, and health care practices. The
next step is to implement, further innovate, and test these tools and processes on a larger scale,
such as across an entire community or health care system.
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