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ABSTRACT

SANDI JEANNE LANE The association of structural and process factors with
medication errors for residents entering a nursing home. (Under ¢éoéialrof DR.
JACQUELINE DIENEMANN and DR. JENNIFER TROYER)

Objective: The purpose of the study is to elucidate the relationships and inter-
relatedness of specific structure, process, and outcome elements contribbangful
medication errors for the vulnerable people who reside in nursing homes by exgiering t
inter-relationships between structure and process factors in relationshiglitcation
errors and medication errors associated with harm.

Methods: The Medication Error Quality Initiative-Individual Error (RIEIE)

Data for North Carolina nursing homes for FY 2007 was used for analysis. A
multivariable model was used which controlled for facility and resident cieaistics,
phases of the medication use process, reported causes of the error, primafgtyme
personnel involved, and number of medications.

Results: Ownership status does not directly impact the number of medication
errors reported or a more harmful error being reported. Chain affiliatiofowad to
interact with ownership status; a not-for-profit nursing home that is a membehaina
is predicted to have half the rate of medication errors that a for-profit nursirgythamns
not part of a chain has. Prescribing errors are associated with harroftearthan
administering errors during the medication use process; and a dose omission&ssor is
likely to be associated with harm than a wrong dose error.

Conclusions: Over two-thirds of the nursing homes reported a medication error
during the first seven days of a resident's admission. Chain affiliationgtgevith

ownership status and is associated with a decrease in incidence rate of reported



medication errors. Medication errors during the administration phase a¢opane

third of the errors, but prescribing errors, which account for only 4.8% ofatseare
associated with more harmful events. Wrong dose errors are assoctatbdnwi twice

as often as dose omissions even though dose omissions were reported in over one third of
the errors. Almost one half of the wrong dose errors occurred during the documenting
phase with 42.7% a recording issue. The processes surrounding and related to
documentation and recording of the medication use process are critical totroedica

safety for residents during their first seven days of admission into the SN
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CHAPTER 1: INTRODUCTION

Specific Aims

Older adults are especially susceptible to adverse drug events due fiailheir
condition, multiple physical and cognitive aliments, complex drug regimensequefit
transitions throughout the health care continuum. Documented adverse drug events wit
individuals 65 years of age or more were 25.3% of all emergency departmentQisit
those adverse drug events requiring hospitalization, 48.9% involved those 65 ahd older
Brennan et al. reported that residents 65 or older had greater than twice thenisk of
adverse drug event than residents 16-44 years af age

These findings are of added importance as older persons, those age 65 and over,
are a growing proportion of our population. Population projections indicate that in 2010,
13% of the US population will be 65 and older and by 2050 this will increase to 20%
the almost 1.5 million people living in nursing homes in 2004, 1.3 million were over 65
years of age with women out numbering men two to one; 174,100 of the 1.3 million were
65-74, 468,700 were aged 75-84, and 674,500 were over 85 years.of age

Many of those aged 65 and over will have at least one nursing home admission.

The five leading nursing home admission diagnosis were diseases of thdarycula
system (23.7%), mental disorders (20.6%), diseases of the nervous system and sense
organs (14%), Alzheimer's disease (8.5%), and heart disease(8\3%)sing home is

a long-term care facility certified by Medicare and Medicaid thatides skilled nursing



services, often times referred to as a skilled nursing facility (SNF).

Considerable research and attention has been focused on medication errors in the
acute care setting, much less effort has been focused on errors in longreesetinags.

Yet, North Carolina SNFs report 13,551-15,145 medication errors and potential
medication errors (circumstances or events that have the capacitséoaraerr§j each
year . More importantly, studies estimate that approximately 800,000 preventable
adverse drug events occur in U.S. long-term care facilities annuatawiestimated
350,000 in SNFS.

Studies of medication errors in SNFs have identified the transition periodait initi
admission, re-admission after a hospitalization or when changing medicalgysoas
particularly risk pron& ' Upwards of 46% of medication errors occurred during
transition between levels of care or providers, a time when orders are frgquoefated
and changed. This period is vulnerable to medication errors primarily due to poor
communication between care tedfis

Consideration of resident level medication error data in the context of a modified
Donabedian model of structure, process, and outcome (SPO) would provide an
opportunity to evaluate the degree of adjacent interactions, as well as theignogiort
root causes of errors due to structure, process or the interaction betweem ther tw
example, although structure can impact process and directly impact outcome nidtdoes
ensure specific processes take place nor specific outcomes occur.

Previous nursing home research using the structure variable of profit status found
that for-profit SNFs provide lower quality café® This study will examine if this results

in residents in for-profit SNFs experiencing more medication errors anel mmedication



errors associated with harm than residents in not-for-profit SNFs usiogssectional
analysis of medication errors from North Carolina.

Hypothesis la: For-profit nursing homes will report a higher rate of medication errors
during the seven days following admission than not-for-profit nursing homes.
Hypothesis 1b: A harmful medication error is more likely to be reported by a for-profit
nursing home than not-for-profit nursing home during the seven days following
admission.

Previous nursing home studies of process variables include adequacy of care
plans, use of restrairifs® urinary cathetef& %/, feeding tube§ and the medication use
proces& 3. Studies of medication errors during the various phases of the medication use
process indicate variable results regarding the relationships betveeespmeasures
and medication errors. However, several studies indicate that 34-55 % of te error
occurred during administration of the medication use jhas&*:

Hypothesis 2: Medication errors are more likely to be harmful when administering is
reported as the medication use phase compared to any other phase in theamerieati
process during the seven days following admission.

Studies of the primary medication error type indicate dose omission is often the
primary error type (23%-53% of errors), often followed by wrong dose (7%-21% of
errors§ 23! We theorize that wrong dose (under dose or over dose) is more likely to do
harm than omitting a dose or other type of medication error.

Hypothesis 3:Medication errors are more likely to be harmful when wrong dose is
reported as the error type compared to any other type of error during the seven day

following admission.



The purpose of the study is to elucidate the relationships and inter-relatefines
specific SPO elements contributing to harmful medication errors for the &hlaer
people who reside in SNFs. Toward this end, this study will explore the inter-
relationships between structure and process factors in relationship to medecedrs
and medication errors associated with harm. These findings, it is hoped, will centoibut
identification of opportunities for improvements in systematic processesditation
use. For many of these residents an adverse drug event contributes to a downward

cascade of health, making prevention of the utmost imporfarite



CHAPTER 2: LITERATURE REVIEW

Background and Significance

The Institute of Medicine defines a medical error as “the failure of agulann
action to be completed as intended (i.e, error of execution) or the use of a wrong plan to
achieve an aim (i.e, error of plannindf)"Medical errors may cause injury and may also
result in costly medical care and human suffering. Adverse events asgllimivhen
injury occurs from a medical error or there is an idiopathic patient resgaatss t
harmful. Brennan and associates defined adverse events as an injury causeaddy medi
management as opposed to the disease pracess

Previous studies of medication safety and adverse drug events in SNFs have
evaluated the prevalence of medication errors, use of inappropriate mediaatitres f

&3, 39-41,[

older adults®® categories of medications involv8 contributing risk factord'

39,4248 impact of monitoring and medication reconciliation programs *’ and adverse
drug events during resident transfers between hospitals and nursing homes.

Using data from the 1996 Medical Expenditure Panel Survey Nursing Home
Component, Lau et al. reported at least 50% of all residents aged 65 and olded r&ceive
least one potentially inappropriate medication during a three month nursing horife stay

The criteria used most often to assess medication appropriateness was ghblyliBeers

and colleagues in 1991 and updated in 1§97 Beers himself reported 40% of



residents in nursing homes received at least one potentially inappropriatatined?.
A study conducted in 15 Georgia nursing homes identified 519 (46.5%) patients received
at least one inappropriate medication and 143 experienced an adverse health Jutcome
A study of inappropriate prescribing before and after nursing home admission found
residents receiving at least one inappropriate drug decreased from 25.4% before
admission to 20.8% after admissiBnNursing homes reporting potentially inappropriate
medications among their 10 most common medication errors also reported a greater
number of medication errofé

Medication error and adverse drug event studies in nursing homes report
conflicting findings for the most prevalent drugs and drug classes involved inatiedi
errors. North Carolina nursing homes reported warfarin, horazepam, insulin, and
hydrocodone as the drugs most frequently involved as medication errors for theafour ye
period 2004-200%7°% Two recent (2001 & 2003) studies report similar findings of
central nervous system, anticoagulants, and electrolytic, caloric and waterebagents,
drugs as the most prevalent class of drugs involved in adverse drug events atiamedic
errors’® ?° Whereas, findings from earlier (1991-1995, 1988-1989) studies identified
cardiovascular drugs and central nervous system drugs as the most frepemtd*>
46.47_ Another study reported diuretics and anticoagulants as the drug categories most
frequently involved in adverse drug evefftDifferences in data collection methods and
year when the study occurred contribute to the variation in the most prevassnt cla
reported. The earlier studies used chart reviews whereas, the mortestedees

interviewed staff in addition to chart reviews. Substantial changes in pharmakeut



regimes and new drug development along with increased resident acuity atgmtont
to the differences in study results.

Studies of risk factors contributing to a medication error or adverse drog eve
pinpoint a number of potential risk factors. For instance, an early study id#atfes
being female and an increase in the number of medications as risk factors forraa adve
drug event’; few other subsequent studies found age or gender to be risk faéfors
Many studies identified an increase in the number of medications or medicabions f
multiple drug classe$" **” an increase in the number of medical diagnd%é$ being
a new residerft’ or recently hospitalizetf, and having experienced a prior adverse drug

t** as risk factors. Gurwitz et al. identified several drug categorieskafagtors for

even

adverse drug events; antipsychotic agents, anticoagulants, diureticstiepieatics™.
Programs to monitor and reduce adverse drug events indicate their benefit. Soon

(1985) implemented a two phase program involving pharmacist medical record review,

staff education, and physician communication resulting in fewer drug reactionsnaard f

residents experiencing more than one reaction. The author attributes thensciocthe

education and monitoring program. A multidisciplinary monitoring program

implemented in a 465 bed not-for-profit SNF increased the number of adverse drug

reactions documented from 21 to 216 in an eighteen month Jérdockvar et al

studied the effect of medication reconciliation on return to the nursing home from an

acute care stay. The odds of having an adverse drug event were signifieduntied

after implementation of medication reconciliat®n To improve communication of

patient-specific information for new SNF admissions, a group of medical directors

implemented a multi-facility communication system which improved the flowtef-i



facility informatior?®. Various uses of information technology in acute care indicate
benefit in the reduction of medication errors and adverse drug events in longutetin c
including; computerized physician order eftr?. on-line decision support systeths
alert and warning systems for allergies or drug interadipasd automating the
prescribing proce&s

The transfer process between hospitals and SNFs has been identified asfa time
increased risk of an adverse drug event. Field et al. (2001) reported that bemyg a ne
admitted resident increased the odds of an adverse drug event by 2.8 (95% Cf4.5-5.2)
Gerety et al. (1993) reported similar findings in that hospitalization duringuteg st
period was strongly correlated with adverse drug event incitdfeBmockvar et al.

(2004) studied the iatrogenic harm from medication changes during residererteantsf
identified an overall risk of adverse drug event per drug changed to b&4.4%

Studies of medication error and adverse drug event often employ varying methods
of error detection due to the variability of error occurrence, differenagsfinitions,
complexity of the medication use process (e.g. administering errors actedeta
observation whereas prescribing errors are detected through chart yemidwutcome
being measuréd The chart review method has been used in several research studies
including the landmark Harvard Medical Practice Studiemé If*, Thomas's study of
negligent care in Utah and Colordgand many studies smaller in scbf& Chart
reviews entail retrospective data collection by trained data colleataeddition to chart
reviews other documents such as incident reports and pharmacy logs ewe defar
potential identification of an error or adverse event. Review of submitted incegents

has also been used to evaluate medication error and adverse drug event. MEDMARX is



voluntary, anonymous, confidential database owned by United States Pharmacopeia
where member hospitals report medication errors and can track and sha@&ioredi
error data with other providers in a standardized format. Santell et al. usegth@l in
his analysis of reported medication erf8r$ . A third error detection method,
observation, is reported to best estimate the true frequency of medication errors
especially administration erréfsDirect observation entails the observation of
preparation and administration of medication to the patient. The observer then compares
the dose given to the dose ordered, if there is a difference an error {&.r@tesstudy
reported that of the 318 medication errors reported using direct observation cady 1 w
detected by an error rep¥ttStudies indicate that underreporting of medication errors
has been identified as a significant barrier to improving safety. Osbaahaeorted
that nurses believed only 3.5% of medication error are ever reffodeter studies
indicate that fear of disciplinary action and job loss are the primary reasar for
reporting an erréf"®

Some researchers use multiple methods to optimize the identification and
collection of medication errors and adverse drug events. For example, Batasext
incident reports, voluntary verbal reporting by staff to the researcher, atdeshews to
identify adverse drug events and potential adverse drug events. They id&#ifie
adverse drug events and 194 potential adverse drug events out of 4031 admissions to 11
hospital units over six montfs

Studies of medication errors during the medication use process indicateevariabl
results, finding errors are most frequent during prescribing or administerisggpbithe

process. Bates et al. reported that the phase of medication use where traversst a
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drug events occur for hospitalized patients is during ordering (49%) and sidming
(26%)“, whereas Santell reported 15% and 6% of medication errors occurred during
prescribing, and 37% and 55% during administering in his 2003 and 2005 studies of
hospitalized adults over the age of 65 respecti¥efy Prescribing often occurs during
transition as new orders are communicated to the transitioning care.t6amwitz in his
study of two academic long-term care facilities found that 59% of the adreigevents
occurred during ordering (prescribind)in his study of 18 community based
Massachusetts nursing homes 68% of the preventable errors occurred during artkring
only 3% during administerirfy North Carolina nursing homes reported approximately
55% of the reported errors occurred during administering, 30% during documentation,
and less than 5% during prescribing over a four year mandatory reportiod (#004-
20075.

Differences in reports of where an error is identified in the medicatioprasess
could be attributable to the medication error and adverse drug event detection method
used in the study or the outcome being examined. Gurwitz et al. used chart rgviews b
pharmacists and nurses and prompted self reporting (via interviews with nuasijygrst
both of his studies to identify adverse drug events. Incident reports wereedso hss
study of the two academic long-term care facilities, making the aeldeug event
detection method similar to that used by Bates et al. Gurwitz et al. andeBates
reported more adverse drug events occurred during the prescribing phase of the
medication use process. Studies examining medication errors versus advgesecdts
may report different findings of the same data set. For example, Ledpxataned the

number of errors that occurred in 4031 adult admissions in two medical and surgical units
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using chart reviews and identified 334 errors of which 39% of the errors occurred during
physician ordering and 38% of the errors occurred during nurse administration of the
drug®. Bates et al examined the same data assessing the incidence of adgeesernisi
and reported 56% of the events occurred during ordering and 34% during administration
of the drug. Differences in detection methods and outcomes being measured may
contribute to variations in the findings. Santell reported medication errors ofoldks
using MEDMARX data, a national voluntary medication error program. This gmogr
allows participating hospitals to report medication errors to a nation&led&taising
standard taxonomy. Standardization of reporting elements allows for evaluagiworsf
across multiple facilities. Studies using medication errors frorrepdirted errors versus
studies using onsite chart reviews, observations and interaction with staficownt
for the difference in the number of medication errors reported as originating i
administering versus prescribing phd5&' North Carolina mandates reporting of all
medication errors and potential medication errors by nursing homes to theahtedi
Error Quality Initiative (MEQI) databa3eMEQI is similar to the MEDMARX database
in that medication errors are self-reported; different in that MEQI redatary reporting
and MEDMARX is voluntary. These self-reported adverse drug event studiesténdic
administering the drug as the primary phase where the error was fivisfiédie

Studies of the primary type of medication error indicate varying resutse D
omission is often reported as the most frequent type of error reported (23% to 53% of the
errors reported)*® ®® with wrong dose following at a rate of (7% to 229%) ®
Handler, in a 21 month study in one long term care facility, reported problems with

documentation (interpreting and updating the medication administration recadnd) as t
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most prevalent among 98 medication errors with 27 occurrences, and delay inioredicat
administration as a close second with 26 occurrences, wrong dose was reported 17
times”. Whereas Santell reported prescribing errors (10%), wrong administration
technique (7%), wrong route (6%), and wrong dose (5%) as the primary er®irtype
errors that caused harm in hospitalized older adults using a national volurary err
reporting databadk Differences in study populations contribute to the variation in
findings.

Studies of perceptions and concerns with the medication process amongmurses i
nursing homes indicate underreporting of medication errors by AUr§e¥ Several
barriers exist deterring the reporting of errors including fear afgisary and punitive
actiorf®, feelings of shame or inadequ&tyand cumbersome reporting systémslurses
surveyed in a pediatric unit believed that the stage in the medication use prioesss w
the error occurred is associated with completing an error report. Eatersn the
process (i.e. administering the drug) are more likely to be reported thankpngscr
errorg®. Nursing home nurses reported 60 administration errors out of 88 medication
error reports, and felt that the majority of medication errors occurrecatége of the
medication use proceSsfindings similar to that of the pediatric nurses. One qualitative
study of nurses' perceptions of the medication use process indicated common themes
related to the complexity of the administration phase, concerns with the tisseding
accuracy of medication administration, and accuracy of the medication adatioinst
record®. The concerns identified by the nurses contribute to deeper understanding of how
errors such as wrong time, wrong dose, and doses omitted became the prevalent

medication errors noted.
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Although identified as a time of high risk for medication errors, few studies ha
examined adverse drug events and medication errors for residents transbeBiNfes.
Thus, it is useful to evaluate how resident, staff, and facility characterse associated

with medication errors, and adverse events due to medication errors.



CHAPTER 3: DESIGN AND METHODS

3.1 Conceptual Framework

The literature is replete with research utilizing Donabedian’s (1966 g fvank
for analyzing quality in health care settiffyghe interacting elements of structure,
process and outcome have been systematically employed to describe and zeith@ari
various dimensions of quality. In SNFs, structure refers to the characseoisthe
institution and its infrastructure; process variables are the actions aredipres
completed for and to the resident by staff; and health outcomes are thentehateyes
in the resident physiologically, cognitively or functionally. Use of trasnfework in
nursing homes often employs the structure variables of: location of nursing horhe (rura
urban), ownership (chain, independent), profit status (for-profit, not-for-pret#ffing
(number and type), and size (number of beds). Examples of process variables studied
include: use of restraints, catheters, medication use process, and use of omedicati
reconciliation. Outcome indicators of quality previously studied include: development of
pressure ulce?§ frequency and harm of faffs®®* weight los&®, adverse drug everits
10. 33,8687 and mortality ** &8

Donabedian’s framework implies that when structural characterisatsupport
guality processes are in place, improved processes can be implemented proetteing b

outcomes. The true interrelationship between structure and process is not simple nor
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lineaf®. Atchely (1991) proposed that the model is a time-ordered process with outcomes
and processes feeding back to structural components and process‘a¢tmrisg the
appropriate structural components and providing the appropriate care influences
outcomes. The outcomes observed provide feedback to the processes and structures
influencing change or refinement of the system.

Other research discusses the causal linkages and relationship betweerestruc
process and outcomes by dividing the structural factors into two components, those under
management’s control (mutable) and those characteristics not likely kabged or
altered by management (immutaffe}* Studies have evaluated the impact of the
immutable characteristics on the amount and type of nursing’staff While others
have evaluated immutable characteristics in relation to nursing proceskessgestraint
usé* % 27 Studies of structural characteristics such as ownership and number of beds and
resident outcomes are numergus” 2" 8 8% %Although Hillmer et al. (2005) in their
systematic review of the literature state that the most common serwettiable used in
evaluating nursing home quality is staffihg

Studies assessing the impact of nurse staffing levels on quality outcutivede
lower staff to resident ratios decreased quality and increased the poevate
deficiencie$™ °” %8 Deficiencies are formally recognized departures in practice fram sta
and federal guidelines by nursing homes in the provision of care (i.e. restraint use
development of pressure ulcers, and weight loss).

Process measures reflect the quality of care provided to residents in nursing
homes and therefore are often used as indicators of nursing home’guidisgssing

organizational processes (such as restraint or urinary catheter usejretghich care
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processes contribute to variation in an outcome such as development of a decubitus ulcer
or urinary tract infection. Processes of care often are more able toydenéfler
variations in quality than structure characteri§ticadditionally, processes can often be
changed when needed, but structure cannot easily be changed. For example, it is much
easier to change a policy or procedure for restraint or catheter useighendhange the
ownership or affiliation with a chain.

Studies have evaluated relationships between structural variables such as

1, 83, 85, 99, 100 83, 85, 99

ownershi Ochain membershf dgjzgl 83,85

payer mix or payer

gt 83,101, 102910 staffing with outcomes such as quality indicators with varying

typ
results. For-profit long-term care facilities were found to hospitdiier tesidents
suspected of pneumonia two times more often than not-for-profit facflitidgacrease
restraint use by 208% have 1.2 times more survey deficiencies, and have a higher total
(25% ) number of F-plus survey deficienciégdefined as potential or actual harm
occurred for at least one resident) than not-for-profit facilities. Ghaimership was

found to increase restraint use (31% incrédse)d number of survey deficiencies®
Facility size produced varying effects in differences in outcomes, fongearestraint

use decreased by 5% for every ten bed increase in nursing hoffievetieeeas number

of beds was not determined to contribute to higher numbers of deficiencies or F-plus
deficience$'. Amirkhanyan and associates reported that as number of beds increased,
for-profit facilities had significantly more deficienci¥s. Studies evaluating staffing as a
structural variable and quality outcomes indicate facilities with moréestegd Nurse

(RN) full time equivalents (FTE) per 100 beds are less likely to increasaint use,

while facilities with more nurse aides per 100 beds are more likely to sgcrestraint
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usé>: facilities with an average increase of 1.17 Registered Nurses per iHahtesre
likely to receive two less deficienci@§ and hospital based facilities with an increase in
professional staffing were less likely to transfer a resident for poiaff. Calculations
of nursing staff hours (nursing staff hours equals RN, licensed practical bBidggnd
certified nursing assistant (CNA) hours combined) per patient day in Nomhir@a
nursing homes using the 2007 Nursing Home Compare - About Nursing Homes and
About Nursing Home Staff data indicate for-profit nursing homes staff on average 3.63
nursing hours per resident day whereas not-for-profit homes staffed 4.86 nursmg hour
per resident day (p< .000%§,

Process variables of the Donabedian model have been studied less frequently than
structure. Some researchers indicate that process is more difficulasoim@® and that
the elements used to measure structure and process contain aspects of botha theref
blurring the lines of distinction between structure and protedmcess components
studied include assessment of resident status, adequacy of the care plan, use of
restrainté® 2° 2”-828%rinary cathetef§ 2’ and feeding tubé% use of psychoactive
medication& %1% and the development and treatment of pressure titers

Most studies of quality in nursing homes are based on survey deficiency data and
quality indicators obtained from the On-line Survey, Certification and Reporting
(OSCAR) system and the resident based assessment tool the Minimum EMBSkgt
respectively. These federally mandated data sets contain assestrasiatents function
and health. The MDS requires a resident assessment be completed on aisysdsmat
depending upon resident changes and clinical needs as a requirement to recaigeesMedi

or Medicaid payment for eligible residents. OSCAR data is a compilatiocitifyfa
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characteristics, aggregate resident health status, and reported defsci®iarious studies

of resident outcomes such as pressure ulcers, incontinence, quality of life dadtresi
behavior have been assessed using both OSCAR and MDS data. Medication errors and
potential medication errors are not recorded in the MDS or OSCAR. Therefdiessof
quality indicators using the MDS and OSCAR do not contain medication errors in their
measures.

Studies of medication errors are fewer and have been dependent on chart reviews
interviews, observations, and voluntary reporting. Beginning January 2004, North
Carolina Senate Bill 1016 mandated that all nursing homes licensed by Nortmg&aroli
Department of Health and Human Services report all actual and potentiabiredi
errors. The database for collection of the errors is the nursing home Madigatr
Quiality Initiative (MEQI). Nursing homes reported medication errors atehpal errors
for the first three years of MEQI implementation using annual reportingndpyear
three individual error reporting was piloted in 23 facilities. Reporting year(October
1, 2006 - September 30, 2007) provided the option to report errors using the individual
error reporting system: 203 of the 393 SNFs opted to use the individual error system.

In the review of the literature no studies were identified that exahniselication
safety or medication errors using a modified Donabedian model during transitdhe
nursing home, suggesting an important gap in the literature. The conceptual model for
this study is shown as Figure 1 (Appendix: A). The structure variable Biatfis
directly and indirectly impacts the outcome of harm from medication edestly as
investigated with Hypothesis 1, and indirectly with Hypothesis 2 and Hypothesisfi8. Pr

status of a nursing home may determine the operational perspectiwerelatfficiency
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and use of resources to provide care. The difference in nurse staff levels between f
profit and not-for-profit nursing homes in North Carolina supports this perspective.
Previous research has linked profit status and chain affiliation and has shofan-tha
profit facilities are often members of a chain. In North Carolina 77% of fditpiursing
homes are chain affiliated whereas only 46% of not-for-profit nursing homekaire
affiliated"*.

The medication use process is a complex highly regulated nursing process.
Considerable focus is placed on the administering phase as a means to optetyze saf
due to the multiple steps in the delivery of medication. Errors that occur during
prescribing, dispensing, documenting and monitoring provide opportunities for error
detection before reaching the patient due to reviews by pharmacists or otherlnurses
contrast there is less opportunity to detect an error during administratios ggpitally
is an independent task. Regulations abound for the delivery of medications from an array
of agencies, including Centers for Medicare and Medicaid Services (CMS), Joint
Commission on Accreditation of Healthcare Organizations (JCAHO), glateias
responsible for SNF inspections, and Boards of Nursing, to name a few. During the
nursing home annual on-site visit by state agencies, a medication passtabserva
required. From the observation of medications administered, an error rateiliatedlcf
greater than 5% a deficiency is issued. Previous research indicates thatediasttion
errors in older adults occur during the administration phase. Leading to the question, do
more harmful outcomes occur from medication errors during the administeringgbhase

the medication use process than any other phase?
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3.2 Data

The MEQI Data for North Carolina nursing homes for FY 2007 was the primary
data source used. An observational case series design was used to evaluate the
relationship between variables. The data set contains facility selfedpugdication
errors mandated by state legislation, described above. Facilitiegoaated to submit
errors and potential errors according to regulation under the threat of legéy.pena
Facilities enroll to use the individual error reporting system at thiaihieg of the
reporting year. The number SNFs reporting errors as reported bytHe3CSheps
Center for Health Services Research at the University of North Carolttzapel Hill
(Sheps Center) has remained constant for reporting years three, four aB@3ive (
SNFs§ 11 A review of the OSCAR data to verify participation rates indicated no
evidence of change in the number of facilities during the reporting year. Refview
consistency of facility participation indicates that each facility indataset participated
for the entire reporting year.

A comparison of the ownership status of the SNFs in the dataset to the SNFs in
North Carolina is shown in Table 1. Of the number of SNFs licensed in North Carolina
(423), 32% reported a medication error during the first seven days of a resident's
admission into the facility. For-profit SNFs in the study (71.5%) were usgiesented
when compared to the for-profit SNFs licensed in North Carolina. Yet, for-phafin
affiliated SNFs were overrepresented (79.6%), and not-for-profit cHdiatad SNFs

(38.5%) were underrepresented when compared to facilities licensed in Nmtin&Za
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Table 1. Comparison of North Carolina Nursing Hdbwenership and
MEQI-IE Ownership

Chain Affiliated Total
yes % no % n %

NC 2007
Non-Proft 43 46.2% 50 53.8% 93 22.0%
For Proft 246 77.1% 73 22.9% 319 75.4%
Governmentowned 4 36.4% 7 63.6% 11 2.6Po
Total 293 130 423 100.09

MEQI-IE Study
Not For Proft 15 385% 24 615% 39 28.5%
ForProft 78 79.6% 20 20.4% 98 71.5%
Total 93 44 137 100.09
Notes: Source Nursing Home Compare-About Nursingiéto Center
for Medicare and Medicaid Services; FY2007

(=)

o

The data set contains structure variables of ownership (profit, not-for-psofe)
(number of beds), location (urban, rural) and whether the facility is part ofraatha
nursing homes. The data set does not contain information on government owned
facilities. Process variables include: type of error, phase in medicatioasgtgersonnel
involved in error, effect of the error on resident, and causes of errors. The outcome
variables are the number of medication errors reported and the adversegffgzacth
the resident. The following resident characteristics were used as patentahtes; age,
gender, cognitive ability, and number of medications taken per day. Analysis of
Hypothesis 1a was at the facility level using the number of reported riedieaors for
all facilities reporting at least one error, while analysis for Hymhtb, Hypothesis 2,
and Hypothesis 3 was the reported medication error. In 2007 there were 13,551 errors
reported, of which 1,234 had a serious impact (harmful). 581 of the errors occurred

during transition into the SNF, of which 73 were serfous
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Errors were determined to be serious using the National Coordinating Council for
Medication Reporting and Prevention Index for Categorizing medication éNGG
MERPY as modified by Sheps Center researchers in the MEQI report (see Appendix B
Figure 2). MEQI reports serious errors (harm) from Categoriesabdinon-serious
errors (no-harm) from Categories A-C, whereas NCC MERP reports Categw error,
no harn.

Types of errors include: wrong resident, product, strength, form, route, time,
technique, rate of administration, duration and documentation, expired product, dose
omission, overdose, under dose, expired order, monitoring error, lab work error, and
other. Types of errors were collapsed into five error categories due ionsimalers of
errors for each type of error, where each category contains both erraausatharm
and errors that do not cause harm. The category of wrong drug is compriseth@f wr
product, wrong product strength, wrong form of product and expired product. Wrong
dosage errors were collapsed by combining over dose and under dose into wrong dose
and leaving dose omission. Much of the literature presents dose errors in this,manne
where dose omission is often the most frequent type of error repdttsdrong dose
represents the process of administering the correct medication to thé cesigent at
the correct time but in the wrong dose. Wrong administration is comprised of wrong
route, wrong time, wrong technique, wrong rate of administration, wrong duration, and
expired order. Wrong follow up is made up of monitoring errors, labwork errors and
wrong documentation. The collapsing methodology used follows the groupings noted on
the individual error incident reporting form facilities used to report medicatirors and

potential medication errors.
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Phases in the medication use process include: prescribing, dispensing,
documenting, administering, and monitoring. Primary personnel involved in the error
include: licensed practical nurse (LPN), registered nurse (RN), miedicatle,
physician, pharmacist, physician assistant, nurse practitioner, support pEnssident
or caregiver, student or trainee.

The health effects from errors in the data set include: falls, edemasiercade
effects, allergic reaction, constipation/diarrhea, cognitive chahgage in blood sugar,
somnolence, cardiac arrest, change in blood pressure, no injury or effect, and other.

Possible causes of errors were also collapsed into six categoreases ¢o
increase the number in each category. The category of product issues inuhalitEegtion
name confusion, product label, and package design; record issues includes illegible
handwriting, use of abbreviations, inadequate information, and transcription error;
dispensing includes medication unavailable, pharmacy closed, pharmacy delivered to
wrong facility, pharmacy delivered wrong medication, and other dispensing issues;
facility issues include poor work conditions, shift change, following faultyciesj and
frequent distractions on the floor; personnel issues include poor communication, basic
human error, emergency on floor, exhaustion, too much workload, and improper training,
and other causes remains in a category by itself. The grouping methodology used to
create causes of error categories also follows the groupings noted on the iheivimua
incident reporting form. The individual error incident reporting form allowsrfoltiple
selections for reporting the possible causes or reasons for the error or petentjal
therefore the categories are not mutually exclusive and are not the sum of\lteiaidi

cause variables.
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3.3 Ethical Considerations

This study of an observational case series of medication errors and potentsal er
for residents at admission into North Carolina nursing homes followed the gthical
research, and operational guidelines of the researching institution inclutstigutional
Review Board approval (UNCC, Office of Research Protocol number 08-07-29),
Institutional Review Board Training Tutorial, and those of the Data UsecAgret
signed with the Sheps Center. The Sheps Center under contractual agreement with the
State of North Carolina collects and maintains the MEQI data. Informedntomgs not
obtained as the data was de-identified through a nursing home identificatigptemcr
when received by the investigator from the Sheps Center. Efforts weestonadsure
confidentiality of the study data including being stored on a computer with password
protection and accessed only by the researcher. The data will be destrinedrat of

the study as prescribed in the data use agreement.
3.4 Data analysis

Analysis was conducted using SAS 9.1 (Cary, NC). Sample size and power
analysis were conducted using Schesselman and associate's sampjeatiaa &r two

proportions and found to be appropriate

-

2,\2P0=P) + 2, p(1= )+ pU-py)]

D"

N = 2+

MEQI reported 9% of the errors as serious or caused harm over the four year
reporting period, using this as proportion ong gmd twice (18%) that as proportion two

(p2), a sample size of 450 was calculated witks the type | error rate 0.05, ghthe



25

type Il error rate 0.20. The data set contains 581 errors reported during the seven day
following admission.

With a small data set, such as this, missing data could bias the findings. Téherefor
the data was evaluated for missing variables. The Rural-Urban Commutegdsie
(RUCA), a classification system used to aggregate geographic locatipopligation
demographics, for one observation was zero (0); we believe this should have belen code
as a ten (10); this is a 90 bed not-for-profit facility noted as not affiliatddarchain.
Missing values for age, gender and cognitive ability were identified ¥@nse
observations that were reported as NA. The observations with these data masioiy di
appear to be systematically different from the observations without missang da
Therefore the values were assessed to be missing completelg@inrand dropped,
resulting in 574 observations used in bivariate analysis and logistic regrassilysis.

Number of medications the resident was taking at the time of the medicaiaon er
was missing for 332 of the 581 reported medication errors. Therefore a subsamfalys
the data was completed and assessed using 249 reported medication errors itzedéterm
the difference was statistically significatit The number of medications appears to
impact the models used to test Hypothesis 2: (Medication errors are moyedikel
harmful when administering is reported as the medication use phase compased to an
other phase in the medication use process during the seven days following admission)
and Hypothesis 3: (Medication errors are more likely to be harmful when dossgis
reported as the error type compared to any other type of error during the seven day

following admission). This is likely to be due to the model being under-powertéd, wi
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only 249 observations, 12 variables and 236 degrees of freedom. Therefore, two models
were used in the analysis; one with number of medications in the model and one without.

Variables were assessed for multicollinearity using multicollibediagnostic
statistics produced by linear regression analysis. Variance inflatitor far each
independent variable was examined and found to be less than 2.5. In a logistic regression
model values above 2.5 are thought to cause concern for multicollin¥arity

Descriptive statistics, including chi square analysis, were obtained for the
structure, process and outcome variables of interest. Structure variablefitstatus
(for-profit, not-for-profit) and chain affiliation (chain, free-standingg dichotomous,
RUCA is a nominal polychotomous variable, frequencies for each category were
obtained. The data set does not differentiate between the multiple types of for-prof
ownership types (i.e. corporation, partnership, or limited liability corporatiomptefior-
profit ownership types (i.e. church, community). RUCA codes were aggregated into four
categories (Categorization &Y, and renamed location. The new variable, location,
contains the following categories; urban focused, large rural/town, snaltoum, and
isolated small rural town. For the multivariate analysis location was diclzed as
urban versus all other. Bed size (number of licensed beds in the SNF) is an interval
variable that was categorized as follow$0; 51-100, 101-150, and 51 beds. For the
multivariate analysis bed size was categorizd®&: (reference group), 101-150, and
>151 beds.

Chi square analysis was conducted for each of the tables to assess homogeneity
and measures of association between the variables present. For some independent

variables chi square analysis was assessed for each category oiabie waurfor the
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collapsed variable that includes several categories. For other variathegss{primary
error type) assessment of homogeneity and measures of associati@onckreted both
at the category level and the variable level. Details for chi squangsenate indicated in
the footnote of each table.

Process variables include: type of error, phase in medication use process,
personnel involved in error, effect of error on resident, and causes of errors. Type of
error, effect of error on resident, and cause of error are presentedrasesdighotomous
variables, O if not indicated and 1 if indicated. Medication phase and personnel involved
are nominal polychotomous variables. Frequencies of occurrence for each waeigble
obtained.

The facility-level outcome variable for Hypothesis 1a, number of medication
errors, is an interval (count) variable. The outcome variable for Hypotheses 1b, 2, and 3
is a dichotomous variable indicating whether the resident was harmed by thatrordic
error (1) or not (0). This variable is constructed using a nominal polychotomouseariabl
from the data with 9 possible categories of which only 1-6 have occurrences insthe dat
set. Categories of capacity to cause harm, did not reach resident, and did notrrause ha
were recoded to 0, indicating no harm. Categories of required monitoringgimtien,
temporary harm to resident, and temporary harm to resident with trip to emergency
were recoded to 1, indicating that the resident endured harm. This follows the
categorization utilized in MEQI repdrtin which categories 1-3 indicate minor errors and
categories 4-9 indicate serious errors.

Age, gender, cognition, and number of medications taken by the resident were

assessed for confounding and interaction in each error level model (Hypothesis 1b,



28

Hypothesis 2 and Hypothesis 3). Previous research on age, gender and cognition as
potential confounders indicate conflicting results in their association with fham the
medication error. Therefore they were tested by comparing the estiouaticient for
the risk factors in the harm models with and without the covariates (age, gender,
cognition and number of medications) in the model. The estimated coefficients for the
risk factors did not change when age, gender or cognitive ability were remmorethe
model. The final logistic regression model includes age, gender and cognitionrtd cont
for these characteristics.

Variables with known clinical significance (througtpriori studies) and
statistical significance through bivariate analysis were included iregression models,
taking into account power analysis. For example, prior research indicatesdagenaber
of medications as risk factors, therefore were included in the analysis of ltal@sm
(Hypothesis 1b, Hypothesis 2, & Hypothesis 3). Analysis of Hypothesis 1a was at the
facility level and did not include resident characteristics. Since tberegorts do not
represent a random sample of residents from the facility there is no reasaave thelt
resident characteristics as constructed from the medication err@rdagpresentative of
the facility population. Including resident characteristics in the analgsilsl bias the
results with no ability to determine the direction of the bias. Average resigerior
each facility will represent only ages of residents for a reported atemicerror not the
average age of the residents in the facility. Therefore when evaluatinty facil
characteristics average resident age obtained from the data could be coryshdginaipl
or lower than the average resident age for the facility and not be represcotahe

facility acuity level. The data use agreement prohibited matching of thredata to
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external data sources that would contain facility level measures. Thersdatent
characteristics were not included in facility level analysis.

Independent variables in each of the models were assessed for confounding and
interactions. An interaction was identified with ownership status and chain msimpbhe
therefore a second model was used and analysis and interpretation were based on the
significance of the interaction effect. Interactions were testemtdating strata of
independent variables of interest (e.g. profit status and chain status) theregsasgion
evaluated the increase in risk of medication error occurring by stratant€haction term
for chain membership and profit status was included in the final models for both negative
binomial and logistic regression analysis.

Multivariable analysis was used to evaluate the relationships of speddic SP
elements contributing to harmful medication errors. Negative binomial signesas
used to test Hypothesis 1a: For-profit nursing homes will report a higher rate of
medication errors during the seven days following admission than not-for+uuoding
homes. Negative binomial regression is a generalization of the Poisson modéweat a
for over dispersion (variance exceeds the mean) in count data, making it more itkeful w
real-life data which are often characterized by over dispersion.ddatacterized by
over-dispersion can yield underestimates of standard errors which thea iredrrect
interpretation of statistical significance. Use of negative binomiaéssgn corrects for
the standard errors. Logistic regression was used to test the other fhotdehgs
(Hypothesis 1b, Hypothesis 2, & Hypothesis 3).

Negative binomial regression, used to determine the relationship between nursing

home ownership and the number of medication errors that occurred during the seven days
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following admission, is discussed below. It is important to note that the number of
medication errors must be greater than zero for a facility to be included inatlysis.

As such, the sample being considered is more error prone or reports moreéharrtdinge t
general population of nursing homes if some nursing homes report no errors. For a
discrete random variable, Y (number of medication errors), with observed freegignci
for i=1,...,N, where yis non-negative, and icludes the regressors, the negative

binomial regression model is as follows:
Prob(Y=y |¢ )= """ Ky |
Whereln 4 = #'x +& and ¢ has a gamma distribution with a mean of one and a

variance of« . The dependent variable Y, is the count of the number of medication errors
reported by the nursing facilityi=1,2,3,..., n, where n denotes the sample size. The
distribution of the count data (medication errors) is dependent upon exogenous variables

some observed and others unobserveddet (¢) represent the unobserved variables

and measurement errors on the date estimated coefficients3() may be interpreted

as the log of the incidence rate ratfo'*’

The link between the expectation of the dependent variable (medication error) and
the linear predictor (ownership type) is a logarithmic function. The rathiah
medication errors occur is the incidence rate. Chain affiliation, bed siZaciiy
location are included in the model as control variables. For ease of interpretation, w

reported the incidence rate ratio estimates for each explanatoryl@afibe expression
(100*(exp[ﬁ]-1) depicts the percentage change in the incidence or rate of medication

error for each strata of the explanatory variable in the model.
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Hypotheses 1b, 2, and 3 were tested using logistic regression, as the dependent
variable in all three cases is whether a medication error was harmful dheattructure
variables include the interaction terms not-for-profit and part of a chatprdét and
part of a chain, for-profit not part of a chain, with not-for-profit not part of a clsihea
reference group. Also included are categorical variables location and beBrsizess
variables include the phase in the medication use process where the amadcc
(prescribing, dispensing, documenting, administering, and monitoring), type of
medication error by category, primary personnel involved in error dichotomizd®No L
versus all other personnel, and cause of error.

Two sets of models were developed for the analysis of Hypothesis 1b, Hypothesis
2, and Hypothesis 3. As noted above, there were 332 missing observations for the
variable number of medications, reducing the observations used for analysis to 259 when
number of medications is included in the model. Analysis of Hypothesis 1b, Hypothesis
2, and Hypothesis 3 without number of medications is shown as Model 1 and with
number of medications Model 2. Resident characteristics in Model 1 include age, gender,
and cognitive ability; Model 2 adds number of medications. Bivariate analysiecagsr
variables did not indicate statistical significance for all variables/i®us studies
indicate conflicting results for age, gender and cognitive ability asacskirs for
medication errors; therefore even though bivariate analysis did not indetasacstl
significance they were included in the expanded model. To evaluate the sigafafa
structure and process variables other than the predictor variables on theahgpact
reported medication error, reduced models were analyzed. The reduced madisl(M

and Model 2) included the interaction variables for ownership and chain status, types of



32

medication errors and phases of the medication use process. The expanded models
(Model 1 and Model 2) included the reduced model variables plus structure variables
location and bed size; process variables personnel and reported causes of medication
error; and resident characteristics age, gender, and cognitive.ability

The general version of both the reduced and expanded models for testing

1
1+ e—(BO+B1X1+B2X2+BkXk)"

Hypotheses 1b, 2 and 3Rs(Y = 1|X1,X2,...,Xk) =

For the reduced models, the set of explanatory variables used is a subset of the set of
variables used in the expanded models. Odds ratios and 95% confidence intervals for
covariates were obtained for all models.

Goodness of fit logistic regression diagnostics were used to examine the
conceptual model. These tests were used to indicate satisfactory modeis ifor
discriminating between factors contributing to harm occurring to the residemg dur
admission into the nursing home. The Akaike Information Criterion (AIC) were
evaluated for each of the four logistic regression models. These criesenpthe
association of predicted probability of the variables in the model while adjustitigef
number of variables and number of observations used in the model; lower values indicate
a better fitting model. Lower AIC values were obtained for both the reduced and
expanded models with number of medications included in the model. The other test of
model fit assessed is the area under the ROC (receiver operator curesg¢megd by the
c-value obtained in the association of predicted probabilities and observed responses
output section of the fit test analysis. The c-value ranged from 0.71 — 0.81 for the four
models. Models with the number of medications included had higher values. The model

fit tests support the models’ ability to discriminate between the likelihood af ptatus,
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administration phase of the medication use process, or wrong dose as contributing to

harm occurring when a medication error occurs during admission to the nuosnagy



CHAPTER 4: RESULTS

The purpose of the study is to elucidate the relationships and inter-retst@dfine
specific SPO elements contributing to harmful medication errors for the a&blaer
people who reside in SNFs. In this chapter the findings of the study are presented.

As noted above, the dataset contains 13,551 medication errors that were reported
by 203 North Carolina SNFs from October 1, 2006 - September 30, 2007 using the
MEQI-Individual Error (MEQI-IE) reporting method, 581 of those occurred in 138 (68%)
SNFs during the first seven days of admission into the nursing home and were used for
this analysis.

4.1 Analysis by Profit Status

4.1.1 Facility and Resident Characteristics

As shown in Table 2, 137 SNFs reported the 581 medication errors that occurred
during the first seven days of admission into the nursing home (One facility oygsedr
due to incorrect location code). The average facility size was 120 (SD 40.9) beds, 62%
the facilities had 101 beds or more, 67% were part of a chain, and 88% were either urban
focused or in a large town.

As shown in Table 3, residents experiencing medication errors were
predominately female (65%), unable to direct their own care (58.5%), and 75 yages of
or older (69.3%). Harm occurred in 73 (12.6%) of the reported errors. The average

number of medications taken was 12.0 (SD 4.9). While only 259 of the reported
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medication errors indicated the number of medications being taken at the thmee of t
incident, 103 of the reports indicated residents received between 7-12 medications.
4.1.1.1 Bivariate analysis of profit status and facility characteristics
For-profit SNFs reported an average of 4.13 medication errors petyfaoitl a
rate of 3.4 per 100 beds, whereas not-for-profit facilities reported an averadge of
medication errors and a rate of 3.8 per 100 beds. For-profit facilities had on average 121
beds, with approximately one half (58.2%) located in urban focused locations. Not-for-
profit SNFs are primarily in urban focused locations (71.8%), and had on average had
118 beds. A large number (80%) of for-profit SNFs are members of a chain; only 38% of
the not-for-profit SNFs are affiliated with a chain. In summary, therévéice as many
for-profit SNFs they tend to be larger, and affiliated with chains, whemdemprofit

SNFs reported more errors on average and had more facilities in urban focused area
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Table 2. Descriptive statistics for facility chaetstics by facility profit status and che
affiliation

Not Chain  Chain
Not-for Profit For Profit Affilated Affiliated Total
N % N % N % N % N %

Total 39 285% 98 71.5% 44 32.1% 93 67.9% 137 1p0
Facility part of a Chain **
no 24 615% 20 20.4% 44  32%
yes 15 38.5% 78 79.6% 93 67%
Facility size by number of beds
M (sd)* 11& (42.8 121 (40.5 121 (40.4

<50 3 77% 2 20% 2 44% 3 32% 5 4%

51-100 12 30.8% 34 34.7% 14 31.1% 32 34.4% 47 33%

101-150 18 46.2% 42 42.9% 21 46.7% 39 41.9% 60 4B%

>151 6 50.0% 20 204% 7 15.6% 19 20.4% 26 19%

Facility location by RUCA code

Urban focused 28 71.8% 57 58.2% 27 60.0% 58 62.4% 85 62%

Large rural/town 8 20.5% 28 28.6% 14 31.1% 22 23.7% 36 246%

Small rural town 1 26% 8 82% 2 44% 7 75% 9 %)

Isolated small rural town 2 51% 5 51% 1 22% 6 6.5% 7 5%

Notes: RUCA code for one observation coded (O)pplirmy one facility from analysis from
138 to 137. Chi square tests of independence vegr@ucted for facility characteristics.

Statistically signficant differences in profit siatfor each characteristic are indicated usin
*<.05; **<.01; ***<.001.

4.1.1.2 Bivariate analysis of profit status and resident characteristics
Residents 85 or older experienced fewer (175) medication errors than those aged

75-84 years of age (228). For-profit facilities reported 63.5% of the residéio
experienced a medication error could not direct their own care, two thirds weenywom
and 68.8% were over the age of 75, whereas 47.2% of the not-for-profit facilities'
residents could not direct their own care and 73.4% were over the age of 75. Residents
experiencing a medication error in for-profit facilities on average wesscribed 12.2
(SD 4.9) medications per day whereas those in not-for-profit facilities prveseribed on
average 11.8 (SD 5.1). For-profit SNFs reported 11.9% of the medication errors caused

harm whereas not-for-profit SNFs reported 14.2% of the errors caused harm. In
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summarizing the errors, for-profit facilities have younger patients, butatteemore
likely to take more medications and are less likely to be able to direct theicaye on

average.

Table 3. Descriptive statistics for resident chimasitics of medication errors by
facility profit status

Not-for Profit For Profit Total
N % N % N %
Total 173 100 401 100 574 100

Resident Age
u(sd) 785 (12.0) 774 (11.5)
<64 20 11.6% 52 13.0% 72 12.5%
65-74 26 15.0% 73 18.2% 99 17.2%
75-84 70 40.5% 158 39.4% 228 39.7%
>85 57 32.9% 118 29.4% 175 30.5%
Resident Gender
Male 57 32.4% 140 34.6% 197 33.9%
Female 116 65.9% 261 64.4% 377 64.9%
Patient able to direct own
care ***
Yes 68 38.6% 133 32.8% 201 34.6%
No 83 472% 257 63.5% 340 58.5%
Unknown 22 12.5% 11 2.7% 33 5.7%
Number of Medications
(332 missing) N=69 N=180 N=249
M(sd) 11.8 (5.10) 122 (4.9
1-7meds 15 21.7% 30 16.7% 45 18.1P%
7-12 meds 26 37.7% 77 42.8% 103 41.4%
13-18 meds 19 27.5% 45 25.0% 64 25.1%
18-30 meds 9 13.0% 28 15.6% 37 14.9%

Impact

N=581 no missing observations
No Harm 151 858% 357 88.1% 508 87.4p6

Harm 25 142% 48 11.9% 73 12.6%

Notes: Chi square tests of independence were ctedlfar resident

characteristics. Statistically signficant differeaan profit status for each

characteristic are indicated using *<.05; **<.0¥*<¢.001.

Resident age, gender and ability to direct own aaeemissing 7 observations

reducing the number used for analysis to
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4.1.2 Medication Error Characteristics

Frequencies for probable and potential causes of errors, primary type paedor
personnel involved in medication errors by ownership type are presented in Table 4.
Basic human error was reported as the primary cause of error for 58.2%jteomsc
error for 35.6%, and poor communication for 7.1% of the medication errors. Causes of
error by category indicate that personnel issues accounted for 65.4% roadicadrs,
and record issues were reported for 39.2%. Over one third of the primary errors were
dose omissions (36.3%). Errors occurred most frequently in the documenting (46.6%)
and administering (33.4%) phases of the medication use process. The primampglers
involved in the errors were LPNs (64.2%) and RNs (26.5%); this follows the staffing
patterns used by SNFs where LPNs often outnumber RNs two to one. Overall, reported
medication errors were primarily dose omissions identified by LPNshaisic human
error as the primary error cause and the documenting phase as the most grhaakent
of the medication use process.

4.1.2.1 Bivariate analysis of profit status and medication error type

For-profit SNFs reported 63.5% of the errors were due to basic human error,
37.5% transcription error, and 8.1% due to poor communication. Not-for-profit SNFs
reported 46% were due to basic human error, 31.3% transcription error and 4.5% to poor
communication. For-profit SNFs reported 36.8% of the primary error types were dose
omissions, 15.1% were overdoses, whereas not-for-profit SNFs reported 35.2% were
dose omissions, with only 9.7% overdoses. Wrong dose (combination of overdose and
under-dose) occurred in 22.5% of the for-profit SNF errors and 14.8% of the not-for-

profit errors. Wrong drug was reported for 19.9% and wrong patient 8.0% of the errors
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reported by not-for-profit facilities, while for-profit SNFs reportecbng drug and wrong
patient errors for 10.6% and 1.7%, respectively. For-profit SNFs reported 10.1% of the
errors were wrong administration, twice the frequency of not-for-profitsSN&
summarize, 70% of the medication errors reported by for-profit SNFsaiteitaitable to
personnel issues with over one-third of the errors being dose omission errors; and for
profit SNFs had a higher proportion of wrong drug and wrong patient errors.

Medication errors occurred most often during the documenting phase of the
medication use process. For-profit SNFs reported 49.1% of the medication errors
occurred during documentation, whereas not-for-profits reported 40.9% occurred during
documentation of the medication. In contrast, for-profit facilities repoeweif (32.3%)
medication errors during the administering phase than not-for-profitiesi|35.8%).

For-profit facilities reported licensed practical nurses (LPNhagptimary
personnel involved in 69.4% of the medication errors and registered nurses (RN) in
24.0%, whereas not-for-profit facilities reported LPNs were the pyiparsonnel
involved in 52.3% and RNs for 31.8% of the medication errors. Medication aides were
reported as the primary personnel in 4 and pharmacists in 10 (2.5%) of the erroesireport
by for-profit facilities, whereas not-for profits reported no errorsnegication aides and
13 (7.4%) errors by pharmacists.

For-profit SNFs had more beds and tended to be affiliated with a chain, residents
were on average younger and were ordered more medications, but fewer could direct
their own care than not-for-profit SNFs. For-profit SNFs reported fewersathat
caused harm. In both types of facilities more errors occurred during the doctionenta

phase and more were dose omission errors.
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Not-for Profit For Profit Total
N % N % N %
Total 17€ 10C 40t 10C 581 10C
Causes for reported errors
Product Issues 9 5.1% 20 4.9% 29 5.0%
Medication name confusi 3 1.7% 13 3.2% 16 2.8%
Medication incorrectly labeled 5 2.8% 5 1.2% 10 1.7%
Package desi 2 1.1% 2 0.5% 4 0.7%
Record Issues 61 34.7% 167 41.2% 228 39.2%
llegible handwriting O 0.0% 8 2.0% 8 1.49
Prescription order unclear 5 2.8% 12 3.0% 17 2.9%
Use of abbreviatons 1 0.6% 1 0.2% 2 0.3%
Transcription error * 55 31.3% 152 375% 207 35.6%
Dispensing 24 13.6% 37 9.1% 61 10.5%
Medication unavailable 3 1.7% 15 3.7% 18 3.1%
Pharmacy close O 0.0% 2 0.5% 2 0.3%
Pharmacy delvered wro
medication* 10 5.7% 0 0.0% 19 3.3%
Other dispensing issues * 13 7.4% 16 4.0% 29 5.0%
Facility Issues 27 15.3% 47 11.6% 74 12.7%
Poor working conditions 0 0.0% 1 0.2% 1 0.2%
Shift change 4 2.3% 6 1.5% 10 1.7%
Following faulty policies/systems * 13 7.4% 12 3.0% 25 4.3%
Distractions on floor 10 5.7% 31 7.7% 41 7.1%
Personnel Issues * 98 55.7% 282 69.6% 380 65.4%
Poor communicaton* 8 4.5% 33 8.1% 41 7.1%
Basic human error *** 81 46.0% 257 63.5% 338 58.2%
Emergency onfloor 0 0.0% 1 0.2% 1 0.2%
Exhauston 0O 0.0% 1 0.2% 1 0.2%
Work overload 1 0.6% 4 1.0% 5 0.9%
Improper training *** 15 8.5% 1 0.2% 16 2.8%
Other causes * 17 9.7% 17 4.2% 34 5.9%
Total Causes for reported ermor 236 570 806
Primary Eror Type ***
Wrong Patient *** 14 8.0% 7 1.7% 21 3.6%
Wrong Drug *** 35 19.9% 43 10.6% 78 13.4%
Wrong product 13 7.4% 24 5.9% 37 6.4%
Wrong strength 19 10.8% 15 3. 7% 34 5.9%
Wrong form 3 1.7% 4 1.0% 7 1.2%
Dose Omission 62 35.2% 149 36.8% 211 36.3%
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Wrong Dose * 26 14.8% 91 22.5% 117 20.1%
Overdos 17 9.7% 61 15.1% 78 13.4%
Underdos 9 5.1% 30 7.4% 39 6.7%
Wrong Administration * 10 5.7% 41 10.1% 51 8.8%
Wrong time 4 2.3% 11 2. 7% 15 2.6%
Wrong technigr 1 0.6% 2 0.5% 3 0.5%
Wrong rate of administratic O 0.0% 2 0.5% 2 0.3%
Wrong duratior O 0.0% 5 1.2% 5 0.9%
Expired orde 5 2.8% 21 5.2% 26 4.5%
Wrong Followup 12 6.8% 40 9.9% 52 9.0%
Monitoring erro 3 1.7% 3 0.7% 6 1.0%
Labwork erro 1 0.6% 6 1.5% 7 1.2%
Wrong documentation 8 4.5% 31 7.7% 39 6.7%
Other 17 9.7% 34 8.4% 51 8.8%
Total Primary Error Type 176 100.0% 405 100.0% 581 100.0%
Medication Use Process
Prescribing 13 7.4% 15 3.7% 28 4.8%
Dispensin 25 14.2% 53 13.1% 78 13.4%
Docmumentin =~ 72 40.9% 19¢ 49.1% 271 46.6Y%
Administering 63 35.8% 131 323% 194 33.4¥%
Monitoring 3 1.7% 7 1.7% 10 1.7%
Total Medication Use Process 176 100.0% 405 100.0% 581 100.0%
Primary personnel involved in
gnmor
LPN 92 52.3% 281 69.4% 373 64.2%
RN 56 31.8% 98 24.2% 154  26.5%
Medication Aid¢ O 0.0% 4 1.0% 4 0.7%
Physiciai 6 3.4% 7 1.7% 13 2.2%
Pharmacic 13 7.4% 1C 2.5% 23 4.0%
Nurse Practitonc 0 0.0% 1 0.2% 1 0.2%
Support Personr 9 5.1% 4 1.0% 13 2.2%
Total Primary Personnel 176 100.0% 405 100.0% 581 100.0%
Notes: Chi square tests of independence were ctetlfae each of the error characteristics
indicated in bold in the left-hand column. In additchi square tests of independence for
each of subcategories of cause and primary epentiere conducted. Statistically signifi
differences in profit status for each characterate indicated using*<.05; **<.01,
Bold indicates categories. Causes of errors ismially exclusive as selection of multtj
causes was allowed.
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4.1.3 Multivariate analysis by ownership status

The findings from the negative binomial regression models are presentaioléen T
5. Model 1 indicates no difference in the incidence rate ratio for medicatars err
between for-profit SNFs and not-for-profit SNFs (IRR,1.16; 95% CI 0.79-1.69). lursin
homes that were members of a chain reported 42% (IRR, 0.58; 95% CI 0.41-0.83) fewer
medication errors than those not affiliated with a chain. Model 2 suggests thaabeing
member of a chain may interact with ownership status. According to Model 2, a not-for-
profit SNF that is a member of a chain is expected to have a 51% (IRR, 0.49; 95% CI .25-
.92) lower rate of medication errors than a for-profit SNF that is not part ofra chai
holding all other variables in the model constant. A for-profit SNF that is a merhaer
chain is expected to have a 27% (IRR, 0.63; 95% CI 0.40-0.99) lower rate of medication
errors than a for-profit SNF that is not a member of a chain holding all othaiolearin
the model constant. Both models indicate a SNF with greater than 151 beds isceipect
have two times the rate (IRR, 2.02; 95% CI 1.33-3.08) of medication errors than a SNF

100 beds or less holding all other variables in the model constant (Table 5).
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Table 5. Medication Error Incidence Rate Ratios-agility Status

Model 1 Model 2
Variable/Category IRR 95% ClI IRR 95% CI
Ownership

Not For Profit
For Profit 1.16 79-1.70
Affiliated with a chain

No

Yes 0.58 41 - .83
Interaction
For-profit & not Chain member
Not-for-profit & Chain member 0.49 .26 - .92
For-profit & Chain member 0.63 40 - .99
Not-for-profit & not Chain member 0.96 56 - 1.69
Location

Non-urban
Urban 0.88 .65-120 086 .63-1.19

Bed Size

<100
101-150 149 1.04-214 149 1.04-2[3
>151 205 135-3.11 2.02 1.33-3/08

Note: Model 1 no interaction between ownership jaradit status, Model 2 shows
interaction between ownership profit status.

4.2 Analysis by harm endured by resident
4.2.1 Bivariate analysis
4.2.1.1. Bivariate analysis of harm and primary type of error
Examination of the primary error types and categories of errors by wha¢her t
medication error caused harm is shown in Table 6. Harm occurred in 12.6% of the
reported errors, where 32.9% were reported as wrong dose, 30.1% dose omission, and

12.3% as wrong drug. Of the errors where no harm was reported, 37.2% were dose
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omissions, 18.3% wrong dose and 13.6% wrong drug. Statistical significance between

harm and no harm was found only in wrong dose errors.

Table 6. Examination of primary errors and errdgegaries by harm

No Harm Harm Total
N % N % N %
Total 508 100.0% 73 100.0% 581 100.0%
Wrong Patient 17 3.3% 4 5.5% 21 3.6%
Wrong Drug 69 13.6% 9 12.3% 78 13.4%

Wrong product 32 6.3% 5 6.8% 37 6.4%

Wrong strength 30 5.9% 4 5.5% 34 5.9%

Wrong form 7 1.4% 0 0.0% 7 1.2%

Dose Omission 189 37.2% 22 30.1% 211 36.3%

Wrong Dose * 93 183% 24 329% 117 20.1%

Overdose 59 11.6% 19 26.0% 78  13.4%

Underdose 34 6.7% 5 6.8% 39 6.7%

Wrong Administration 48 9.4% 3 4.1% 51 8.8%

Wrongtime 15 3.0% 0 0.0% 15 2.6%

Wrong technique 2 0.4% 1 1.4% 3 0.5%

Wrongratec 2 0.4% 0 0.0% 2 0.3%
administration

Wrong duration 5 1.0% 0 0.0% 5 0.9%

Expired order 24 4.7% 2 2.7% 26 4.5%

Wrong Follow-up 47 9.3% 5 6.8% 52 9.0%

Monitoring error 4 0.8% 2 2.7% 6 1.0%

Labwork error 6 1.2% 1 1.4% 7 1.29

Wrong documentation 37 7.3% 2 2.7% 39 6.7%0

Other 45 8.9% 6 8.2% 51 8.8%

Category Totals 508 87.4% 73 12.6% 581 100.0%

Notes: Chi square tests for independence were ctaatlior each of the error
characteristics indicated in bold in the left-haotlimn. Statistically signficant

differences in harm for each characteristic areateld using *<.05. Bold indicate$
categories. The category total is the sum of thet ¢etegories and percent of the
total errors (i.e 73/581)
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4.2.1.2. Bivariate analysis of harm and probable and potential causes of errors
Descriptive statistics for probable and potential causes of reportesl leyror
whether the medication error caused harm are shown in Table 7. The causes adferror
not sum to the categories of cause due to the opportunity to select more than one cause
when submitting the incident report. Of the errors that caused harm 56.2% weredreport
as personnel issues which include basic human error and 38.4% reported as recording
issues which includes transcription errors. Of the errors where no harm occurred 66.7%
of the errors were reported as personnel issues and 39.4% were recording essaes. H
was reported for 10.4% of the errors caused by basic human error, whereas package
design (25%), illegible handwriting (25%), and distractions on the floor (22%&) we
reported to cause harmful errors more frequently. In summary, personnslassudten
reported as the cause of errors but result in harm less frequently than othedreport

causes such as package design and illegible handwriting.

Table 7. Examination of causes of errors and categes of causes of errors by harm

No Harm Ham Total

N N N %
Total 508 Column% Row % 73 Column% Row %581 100.0%
Product Issues 24 47% 828% 5 6.8% 17.2% 29 5.0%

Medication name confusion 14 28% 875% 2 27% 125% 16 %28
Medication incorrectly labeled 8 16% 80.0% 2 27% 20.09 11.7%
Package design 3 06% 75.0% 1 14% 25.0% 4 O|7%

Record Issues 200 39.4% 87.7% 28 38.4% 12.3% 228 39.2%
llegible handwritng 6 12% 75.0% 2 27% 25.0% 8 1.4%
Prescription order was unclear 14 28% 824% 3 41% 17.6% 2.9%
Use of abbreviations 2 0.4% 100.0% O 0.0% 0.0% 2 O0[3%
Transcription error 183  36.0% 88.4% 24 32.9%1.6% 207 35.6%
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Table 7 (continued)
Dispensing 54 10.6% 88.5% 7 9.6% 11.5% 61 10.5%
Medication unavailable 15 3.0% 83.3% 3 4.1% 16.7% 18 3(1%
Pharmacyclosed 2 04% 100.0% 0 0.0% 0.0% 2 0[3%
Pharmacy delvered wro 19 3.7% 100.0% 0 0.0% 0.0% 19 3.3%
Other dispensing issues 24 4.7% 828% 5 6.8% 17.2% 29 5.0%
Facility Issues 61 12.0% 82.4% 13 17.8% 17.6% 74 12.7%
Poor working conditons 1 0.2% 100.0% O 0.0% 00% 1 O0.,%
Shit Change 10 2.0% 100.0% 0 0.0% 0.0% 10 1.7%
Following faulty policies 21 4.1% 84.0% 4 55% 16.0% 25 3%.
Distractons onfloor 32 6.3% 78.0% 9 123% 22.0% 41 7.1%
Personnel Issues 339 66.7%89.2% 41 56.2% 10.8% 380 65.4%
Poor communications 36 7.1% 87.8% 5 6.8% 122% 41 7{1%
Basic human error 303 59.6% 89.6% 35 47.9% 10.4% 338 58.2%
Emergency on floor 1 0.2% 100.0% O 00% 00% 1 0.2%
Exhauston 1  0.2% 100.0% O 0.0% 00% 1 0.2%
Too much workload 5 1.0% 100.0% 0 0.0% 00% 5 0.9%
Improper training 13 2.6% 81.3% 3 4.1% 18.8% 16 2.8%
Other causes 28 55% 824% 6 82% 17.6% 34 5.9%
Total Reported Causes 706 100 806
Notes: Individual causes do not equal category sludo the abilty to select more thar]
one cause. Categories of causes of errors shdvatdinColumn percent is equal to the
for the category divided by n for the column (24/508=4.72%). Row percent is equal to
the n for the category divided by the n for the o 24/29=82.76%)

—

4.2.1.3 Bivariate analysis of the medication use process and facility and
resident characteristics

Reported medication error frequencies by phases of the medication use proces
are shown in Tables 8 and 9 (Appendix C and Appendix D). Documenting and
administrating were reported as the primary phase of the medication uses fjooces
46.6% and 33.4% of the reported errors, respectively. For-profit SNFs k@8rteo of
the documenting errors, 67.5% of the administering errors, and only 53.5% of the
prescribing errors. SNFs affiliated with chains reported 60.2% of the dodagentors

and 59.3% of the administering errors, while those not affiliated with a chairie&po
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75% of the prescribing errors. Prescribing errors were reported more in$&ger

(35.7%, >151 beds) and monitoring errors in smaller SNFs (60%,101-150 beds). Error
frequencies for the medication use process by impact show that harm oacuietPhb

of the prescribing errors, 35.6% of the documenting errors, and 11.3% of the
administering errors. The average age of the residents experiencing aimedicar

during the administering phase is 76.8 (SD 11.7), whereas the average age for the
residents experiencing a medication error during the prescribing or nogipbrases is
72.3 (SD 12.4) and 85.8 (SD 11) respectively. In summary, prescribing errors caused
harm more often than errors in any other phase of the medication use proceserdut err
occur more often in the documenting phase.

4.2.1.4 Bivariate analysis of the medication use process and error
characteristics

Descriptive statistics of the error characteristics by the migolicase process are
presented in Table 9. Personnel issues were reported as the primary chessrof for
59.6% of the documenting errors, 77.8% of the administering errors, and 67.9% of the
prescribing errors. One half of the dose omission errors occurred in the docgmenti
phase; while only 36% occurred during administering. Wrong dose was reported for only
18.6% of the administering errors, yet 23.1% of the dispensing errors were wroag dose
Physicians were reported as the primary personnel involved in prescribirgyferronly
39.3% of the errors, with LPNs for 32.1% and RNs for 25%. Pharmacists were reported
as the primary personnel for only 29.5% of the dispensing errors, LPNs were relgponsi
for 56.4%, RNs 11.5% and medication aides 2.6%. Of the four errors reported to be made
by medication aides one was during the administering phase, one during documenting,

and two during dispensing. These results could indicate the primary personnel who
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identified the error, not necessarily the discipline responsible for wheeerthe

originated. To summarize, LPNs are the primary personnel involved in theatiaalic

use process, with almost 80% of the dose omissions occurring during the documenting
and administering phases combined. Personnel issues (which include basic human error
were reported as the cause for 77% of the administering errors. Harrepsded in

almost one-half of the errors that occurred during the prescribing phase with 3886 of t
prescribing errors being dose omissions.

4.2.1.5 Bivariate analysis of primary type of error and facility and resident
characteristics

Characteristics of the medication errors by error type are showabies10 and
11(Appendix E and Appendix F). A disproportionate percent of errors were reported as
wrong patient and wrong drug in not-for profit and chain affiliated SNFs when compared
to the distribution of facilities in the data. Not-for-profit SNFs reported 66.7%eof t
wrong patient and 44.9% of the wrong drug errors, non-chain affiliated SNFseckport
66.7% of the wrong patient and 51.3% of the wrong drug errors. Younger residents and
females (85.7%) experienced wrong patient errors more often than oldetpatid men
(14.3%). The average age of residents who experienced a drug administeredasong
81.5, with 88.2% of the residents being older than 75. Wrong drug (42.3%) and wrong
dose (40.2%) were reported more often for residents able to direct their owHaame
was reported more frequently from wrong dose (32.9%) and dose omission (30.1%)
errors than any other type of error. Wrong dose was reported for 117 medicatien erro
of these 77.8% occurred in for-profit SNFs, 63.3% were affiliated with a chain, 66.7%

were urban facilities. Although the distribution is similar to the facilitgracteristics of
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the data, wrong dose was reported by a greater percent of for-profit StNkshan
locations but fewer SNFs affiliated with a chain.

4.2.1.6 Bivariate analysis of primary type of error and error charstateri

Descriptive statistics for error characteristics by type mireare shown in Table

11. Administering was reported for 81% of the wrong patient errors, 42.3% of the wrong
drug errors, and 30.8% of the wrong dose medication errors. RNs were reported as the
primary personnel involved for 47.6% of the wrong patient errors, 19.6% of the wrong
administration errors, and 26.5% of the wrong dose errors; whereas RNs pagted@s
the primary personnel involved in only 26.5% of the errors reported in the MEQI dataset.
Three out of the four errors reported by Medication Aides as the primaonpets
involved were wrong dose errors. Pharmacists were primarily involved in wragg dr
errors, whereas 38% of the physician errors were reported as other tyyme.oflar
summary, not-for-profit SNFs had a disproportionate percentage of wrong person errors
for-profit SNFs had a disproportionate percentage of wrong administratars,erhain
affiliated SNFs had a disproportionate percentage of all errors exoepg personnel.
Although dose omission errors were the most frequently reported type of eryor, the
caused harm in only 10.4% of the errors. Of the residents who experienced a dose
omission, 63% were unable to direct their own care and took on average 12.5
medications. Whereas wrong dose errors were reported less often yedubeg harm in
20.5% of the reported errors, 40.2% of residents experiencing a wrong dose error were

unable to direct their own care and took on average more medications (12.9).
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4.2.2 Multivariate analysis of medication errors by harm

The findings from the logistic regression models are shown in Tables 12 and 13.
Four models were used to evaluate harm caused by medication errors. Both Model 1,
which does not include the number of medications as an explanatory variable, and Model
2, which includes the number of medications, are presented as reduced and expanded
models. In Table 12, reduced Model 1, indicates the odds that a dose omission is
associated with harm are 58% (OR 0.42; 95% CI 0.22 - 0.82) lower than the odds that a
wrong dose error is associated with harm, and the odds that a wrong administration er
is associated with harm are 73% (OR 0.27; 95% CI1 0.07 - 0.98) lower than the odds that a
wrong dose error is associated with harm as primary error typestiBirgserrors are
more likely to be associated with harm than administering errors durimgettheation
use process (OR 8.6; 95% CI 3.34 - 22.13). Reduced Model 2 in Table 12, indicates the
odds that a dose omission error is associate with harm are 68% (OR 0.32; 95% CI1 0.12 -
0.85) lower than the odds that a wrong dose error is associated with harm as g prim
error type. Prescribing errors are more likely to be associated withthanm
administering errors during the seven days following admig&ién7.1; 95% CI 1.18 -

43.05) (Table 12).
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Table 12. Multivariable analysis of the probaliligit a medication error is harmful using the
reduced mod

Model 1 Model 2
Odds Ratio Estimates
Effect Odds 95% ClI Odds 95% CI
Ratio Ratio

Facility Ownership

NFF! & not Chain affiated (referenc
NFP & Chain affliated  0.43 0.11 1.60 0.14 0.02 1.p3

FF? & not Chain afiiated 0-57 0.24 1.32 0.37 010 1.3p
FP & Chain affliated  0.90 0.48 1.71 049 0.19 1.p5
Type of Medication Eror
Wrong Dose (reference)
Wrong Patier  0.9¢ 0.27 3.34 1.2 0.11 13.3¢
Wrong Dru¢ 0.5 0.2 1.32 0.71 0.2C 2.5C
Dose Omission  0.42 0.22 0.82 0.32 0.12 085
Wrong Administraton  0.27 0.07 0.98 0.18 0.02 1.54
Wrong Follow-up  0.39 0.12 1.22 0.18 0.03 1.20
Other Type of Errc  0.3¢ 0.12 1.0z 0.1z 0.01 1.1¢
Medication Use Phas

Administering (referenc
Dispensing 1.16 0.50 2.69 1.18 0.34 4.04

Documenting  0.95 0.50 1.80 1.13 043 3.00

Monitoring  2.49 041 15.22 9.92 0.49 200j01

Prescribing  8.59 3.34 2213 7.14 1.18 43|05

Number of medications 1.00 092 1.08
Note: 1= Not-for-profit; 2= For-proft. Model logés not include number of medications, M
2 includes number of medications.

Expanded Model 1 in Table 13 indicates prescribing errors are more likely to be
associated with harm than administering errors during the medication ussspiO&e
8.6; 95% CI 2.98 - 24.79), and the odds that a dose omission error is associated with
harm are 55% (OR 0.45; 95% CI 0.23 - 0.91) lower than the odds that a wrong dose error
is associated with harm as the primary error type controlling for other \ewigbihe

model. The odds that a personnel issue is associated with harm are 50% (OR 0.50: 95%
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C10.29 - 0.96) lower than the odds that a non-personnel issue is associated with harm.

Factors associated with errors are not mutually exclusive theretweethan one factor

could be reported and personnel issues could contribute to the other factors. Expanded

Model 2 in Table 13 contains only 259 observations due to number of medications

missing for 322 observations, this few observations and the number of variables in the

expanded model could impact the results. No difference was found in the odds of a

medication error associated with harm during the administering phase apysother

phase of the medication use process.

Table 13. Multivariable analysis of the probabiltgt a medication error is harmful us

the expanded model

Model 1 Model 2
Effect Odds Odds
Ratio 95% CI Ratio 95% CI
Facility Ownership
NFF' & not Chain affliated (referenc
NFP & Chain afilated 0.41 0.10 169 0.13 0.01 141
FF? & not Chain afiated 0-76 0.29 2.02 0.67 0.13 3.3p
FP & Chain afiated 1.02 0.50 2.08 0.76 0.22 2.62
Medication Use Process
Administering (reference)
Dispensing 1.20 045 3.21 3.34 0.23 48|87
Documenting 0.97 0.45 210 1.72 0.34 8.59
Monitoring 4.17 0.61 2854 0.34 0.11 1.04
Prescribinn 85¢ 2.9¢ 24.7¢ 0.1t 0.01 1.2¢
Type of Medication Error
Wrong Dose (referenc
Wrong Patent 0.74 0.18 3.12 0.09 0.01 0./9
WrongDrug 0.64 0.23 1.77 0.10 0.01 1.07
Dose Omission 0.45 0.23 091 163 0.37 745
Wrong Administration 0.30 0.08 1.17 0.88 0.26 3.00
Wrong Follow-up 0.43 0.14 137 3240 1.16 909.20
Other Type of Error 0.40 0.13 1.26 13.96 1.46 133.13




Table 13 (continued)

Location
Urban (reference)
Non-Urban 1.86

Number of Beds
<100 (reference)

101-150 0.69
>151 0.49
Gender
Female 0.84
Age 0.98
Patient able to direct own care
No 1.11
Personnel involved
LPN

allother non LPN 0.68
Causes of Emors

Dispensing 0.51
Facilty issue 1.94

Number of medications

Product issue 1.42
Recording issue 0.78

Personnelissue 0.50
Other causes 1.40

0.98

0.36
0.22

0.47
0.96

0.62

0.39

0.42
0.36

0.17

0.91
0.26
0.46

3.55

1.31
1.07

151
1.00

1.99

1.20

4.83
1.71
1.49
4.13
0.96
4.24

53

227 0.75 6.85

1.19 040 3.50

1.04 025 4.30

043 015 1.24

1.06 1.00 1.1p

098 0.36 2.69

202 0.74 5.

0.21 0.01 3
152 040 5
0.53 0.09 3.

2.18 0.61 7.4

041 014 1

1.75 0.22 13
1.02 093 1.13

Model 2 includes number of medications.

Note: 1= Not-for-profit; 2= For-profiModel 1 does not include number of medicatig

98
84
13

36

20
.89

ns,



CHAPTER 5: DISCUSSION

5.1 Discussion

This study is the first to explore the relationships between and intezehetets of
specific SPO elements contributing to harmful medication errors for gersens
transitioning into SNFs. Understanding these elements and the interrethiyis
between structure and process factors will contribute to improvementsemayjist
processes of the medication use process as residents transition int&8éiksng
medication errors and adverse drug events through process changes villltsdr
improved resident safety. Bivariate, multivariable, and regressiortistatigere used to
examine the relationships for 581 medication errors that were reported by Natih&a
SNFs from October 1, 2006 - September 30, 2007, and occurred during the first seven
days of admission into the nursing home.

This study contained medication errors from 138 SNFs which is approximately
one third of the SNFs in North Carolina. The percent of for-profit SNFs in theveata
less than the percent of for-profit SNFs in North Carolina (Table 1), yet Wexe more
for-profit chain affiliated SNFs reporting errors during the firstesedays of admission.
This could be because more errors occurred during this time period in thetiesamili
for-profit non chain affiliated SNFs are less likely to report medioatirrors. In contrast,
not-for-profit chain affiliated SNFs were underrepresented with tladlessh number of
facilities reporting errors during the first seven days of admission.-prédit SNF that

is a member of a chain is more likely to report an error than a not-for-pkiHiti&t is a
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member of a chain, indicating profit status is associated with reportingatiedierrors
when controlling for the interaction of chain membership.

Using a structure variable such as profit status or number of beds has been shown
in previous studies to contribute to the study of quality in nursing homes. In this study
profit status was shown to interact with chain affiliation, but was not assbuvdtea
harmful medication error. Further study of the interaction of profit status amd cha
affiliation could contribute to understanding the effect of ownership status akd wor
processes that contribute to quality outcomes for long-term care residsdsoh had
no effect on the number of medication errors reported by the facility. tiyatde was
associated with reporting of medication errors, larger facilities reportge errors. This
is consistent with previous findings related to quality and facility siz&oatjh larger
facilities have been reported to have more deficiencies this could be due tae¢hseadc
number of residents and opportunities for errors, not necessarily a highef eators
per resident or per bed. In addition, other factors related to the reportingrsf®ich as
reporting protocols, or increased awareness of near miss incidents have not been
accounted for and could contribute to reporting more errors. As in this study,avhere
larger facility (>151 beds) is two times more likely to report a meidicarror than a
smaller (<100 beds) facility, may not indicate a higher rate of errors peemgsi

Errors reported during the seven day transition period into the SNF were more
prevalent during the documentation phase of the medication use process than the
administering phase. In contrast, when all MEQI errors are considered, acationst
errors were the most frequently reported. This indicates that errorideteating the

first seven days of admission may be related to admission documentation and the
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transcribing of orders for new residents, rather than the process of medication
administration. Prescribing errors although reported less frequentytiaeemost
harmful, similar to the entire MEQI year where 23% of the prescribimgsecaused
harm. These findings indicate an opportunity to improve resident safety, furthgostud
the prescribing process to include disciplines involved in identification of aritmesc
error will contribute to a safer medication use process.

The medication use process is comprised of five steps each contributing to the
provision of safe, effective, and optimal pharmaceutical care. Documentingc(itang)
is the process of transferring the physician orders from document to document, or to
document the completion of a task. During admission into the SNF documenting of
orders is often a part of the admissions process, where the medication Irstfeyteal
from the discharging facility's forms onto the SNF medication admingtregcord.
Errors occurring or identified during the documentation phase of the medication use
process may not reach the resident and therefore incur fewer harmful outbamether
phases of the medication use process. In this study more of the administerisg er
caused harm than documenting errors. Reported potential and probable causessfor e
indicate that recording errors (which includes transcription errors) rectfive times
more often during documentation than the administration phase of the medication use
process. This is possibly due to errors being identified earlier in the prdoeisg)
transcription) preventing errors later (during administering) in theesexse.

This study did not support Hypothesis 1a. For-profit SNFs did not have
significantly more medication errors during the seven days following agmi#gn not-

for-profit SNFs. However, not-for-profit SNFs were overrepresented arutdéit SNFs



57

were underrepresented in the study when compared to the SNFs in North Carolina. Yet
when accounting for the interaction of being affiliated with a chain, this shadiyates
that for-profit SNFs affiliated with a chain reported close to four times mewcation
errors than for-profit SNFs not affiliated with a chain. And in the study,orgpofit
chain affiliated SNFs reported fewer medication errors than not-fdit-pom chain
affiliated SNFs. The interaction of being a member of a chain and profis stapears to
impact the risk of medication errors during the seven days following admissaahent
SNF. Not-for-profit SNFs who were members of a chain are less likely to report
medication errors than for-profit SNFs who were not members of chaing Chai
membership appears to have a protective effect, as for-profit SNFs who webersef
chains had fewer medication errors than for-profit SNFs who were not members of
chains, possibly due to standardized procedures (Table 4).

Model 2 which controlled for bed size and location did not support previous
findings on ownership status but did support previous findings on facility size and
quality. Our study indicates that SNFs with greater than 151 beds are two times more
likely to report a medication error during transition than a SNF with feveer 100 beds.
Previous findings indicate larger facilities provide lower quality carb asancreased
use of restraints and number of deficiencies. Although as indicated above this could be
due more to increased opportunities by volume than actual error rates gentresi

The findings in this study did not support Hypothesis 1b: A harmful medication
error is more likely to be reported by a for-profit nursing home than not-for-proging
home during the seven days following admission. This is inconsistent with previous

studies of structure and quality that report for-profit nursing homes provide dmakty
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of care than not-for-profit facilities. This difference could be due to thahas used in
the analysis. Harrington et al. used deficiencies from state inspectiomedltaough
the national OSCAR databa&eO'Neill et al. used deficiencies from California nursing
homes from the OSCAR and California licensing regred Amirkhanyan et al. used
the OSCAR database and Nursing Home Compare w¥Bshevariety of quality
indicators can be found in the OSCAR database (i.e. decubiti, restraint use, assght |
abuse, staffing, etc.) medication errors and their causes are not a compaohnent of
OSCAR database. The medication errors in this study were self-reportedsvtiezre
OSCAR database is comprised of observed deficiencies and facility anuietde
reporting elements. Another difference could come from whether theyfaatinally had
a medication error and did not report it. For example, if a nurse identified a wrong dose
on a new admission’'s medication list she might obtain a correct order from the provide
make the change on the chart and not report this as a potential medication eres’. Nurs
perceptions of medication errors have been shown to impact repdriiig

The policy and processes for reporting of errors varies between fa@litce
organizations. A group of facilities under the same chain ownership could all follew
set of processes; a facility not affiliated with a chain could have aattfeet of
processes. Thus all the facilities belonging to the chain will follow the glengfying
and reporting processes in the reporting of errors. The ownership philosophy ontreside
safety and identification of actual and potential medication errors contribuegsottimg
methods and frequencies. The data in this study were facility reported daieattual
errors, the percent of for-profit-SNFs reporting errors during the éxs&rsdays of

admission is similar to the percent of for-profit-SNFs in North CarolinghEr study of
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the processes of reporting errors between ownership and chain affiliaticontibute
to improved practices in resident safety.

These results could be due to the small sample size of 581 medication errors and
137 SNFs and a power analysis that proposed for-profit SNFs would have two times
more medication errors than not-for-profit SNFs at an alpha level of .05.

The findings of the study did not support Hypothesis 2: Medication errors are
more likely to be harmful when administering is reported as the medication use phas
compared to any other phase in the medication use process during the seven days
following admission. Although one-third of the errors reported were during the
administration phase and 11.3% caused harm, a greater percentage of ercarssttht
harm occurred during the prescribing and dispensing phases of the medication use
process. Regression analysis indicates errors that occur during pngsardimore likely
to cause harm than errors during the administering phase. Santell and Hicks indlyeir st
of hospitalized older adults reported that out of 80,169 medication errors 6% were
prescribing errors and 10% of the prescribing errors were hatrmfulGurwitz et al.
study of adverse drug events in two academic long term care faqiiegentable
adverse drug events (errors) occurred most often (59%) in the orderirgifpnes
phase and only 13% in the administering phase. Both studies indicate similagdjndin
although the volume of reported errors is lower, the harm occurring during preseibing
often greater than during administration. One study of medication error rgportin
indicates the likelihood of an error being reported increases during the adationstr
phase and when the error was not prevented from reaching the patient. Most egors we

prevented from reaching the patient and not reported indicating fewer refjpemtsre
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during the prescribing phase because they were cort&ttedrther research in this area
would support identifying systems to prevent prescribing errors reactanggiient. A
system which has received attention for the prevention of adverse drug svents i
computer physician order entry (CPOE). Evaluation of CPOE in relationgorjimag
errors will contribute to the use of CPOE and potentially electronic medicatirec
(EMR) systems. Use of mandatory CPOE and EMR has broad reaching policy
implications for SNFs as their use is limited at this time.

Basic human error was reported as a cause of the error for over onethalf of
errors in the data set. This could be due to: the ability to select more than oneasiase, b
human error could contribute to other error causes, or it could be used as a 'catch all'
category. Basic human error as defined by the MEQI-IE reporting fosmiple
mistake, forgot, orders overlooked, carelessness or oversight. The individual aognpleti
the form could select basic human error to conceal the real cause or as a means to not
assign blame. Errors could be the result of a simple mistake which occurred due to poor
lighting, environmental distractions, workload, or not being aware of facilitgipsl
Further analysis of the cause category will contribute to better underggaridhe
causes and perceptions of the causes of errors. Assessing the additionaktectsesiis
coordination with basic human error will contribute to an understanding of the
contributing factors and their relationships. Exploring the written comments and
responses submitted under the 'other' category will also contribute to this #gewle

The findings of the study support Hypothesis 3: Medication errors are more likely
to be harmful when wrong dose is reported as the error type compared to anypather t

of error during the seven days following admission. Wrong dose errors wereshe m
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likely error type to cause harm. Dose omissions were less likely to causéhlaarm
wrong dose errors when controlling for ownership and the medication use process.
Similar findings were reported by Santell with 5% of the improper dose/quiyutéyof
errors and 2% of the dose omissions reported as harmful in his study of hospitalized olde
adults. Leape et al. reported wrong dose and wrong choice (choice of drug or dose
inappropriate) errors caused injury in 42% of the adverse drug events isttiggiof
eleven medical and surgical ufiftsThis same study reported that almost half of the
wrong dose errors occurred at the physician ordering phase and 70% were irtercepte
whereas only two wrong dose errors that occurred in the nurse administrasenngra
intercepted. Further research evaluating wrong dose errors will coatttbrgducing
harmful medication errors through changes in the ordering and administertegses.
Research evaluating wrong dose errors and their origination in the n@dicsé process
(e.g. wrong dose ordered, wrong dose administered due to packaging, wrong dose
calculated, wrong dose due to illegible handwriting) will provide opportundiesodify
medication processes. Potential policy implications include designatinggoagka
specifications for medications to prevent wrong dose dispensing.

Of the errors medication aides were involved in wrong dose was reported for
three of the four. As the use of medication aides continues to grow furthecheisga
the types and causes of errors where medication aides are the primary peénsohresl
will contribute to understanding their benefit in staffing of SNFs. In thisyshugluse of
medication aides was relatively new for North Carolina SNFs. Futurarcbseill

contribute to understanding whether only four errors being reported indicaties a s
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medication administration by medication aides, or just fewer SNFs using tn@dica
aides at the time of this research.
5.2 Study Limitations

North Carolina requires a mandatory self reporting of medication errors fes. SN
The IOM in its 1999 repott presents the incongruous nature of reporting systems, where
they are intended for both learning from the incident and addressing accowyntabil
Mandatory reporting of errors has been implemented as an effort to address
accountability and has raised strong objections due to fear of damaged reputations and
increased legal liability. Voluntary reporting systems are used to study medication
errors (a learning activity) as a means to prevent and reduce errors artchiyptearm.
Mandatory reporting does not ensure that all actual and potential medicatiorasgrors
reported. Reports indicate compliance with mandatory programs has beemstecbns
and that practitioners perceive mandatory programs as assigning blaerehan
identifying system-based causes that could lead to process correctiba.ZDB8tNC
SNFs reporting medication errors in the MEQI-IE system during FY 2007 only &7 w
used in the facility level analysis in this study, indicating the remgifaicilities did not
report medication errors within the first seven days or incomplete informat®n wa
submitted.

One of the most significant limitations to the study was that the medieatans
in the dataset were self reported medication errors. Medication esrolseaetected by
various methods including observation, incident reporting, and medical record review.
Each presents strengths and weaknesses in identifying medication erroes Stedior

collection methods indicate observation is the most valid and cost eftactive
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Observation entails the observation of preparation and administration of medication to
the patient. One study reported that of the 318 medication errors reported through
observation only one was detected by an error r&€pahderreporting of medication
errors is a significant barrier to improving safety; studies indicatentiraes believe that
only 3.5% of medication errors are ever reported due to fear of disciplirteoy, sthame
and job los¥.

The data used in this analysis was for only one reporting year and only the data
collected through the MEQI-IE, individual error reporting system, which repgeabotit
one half of the errors reported to the Sheps center during the study yearofte er
reported in the MEQI-AR, annual report system were not available for the Jtuely
published summary results state there were 190 facilities that used the apodal re
system with an average of 41 errors per facility and 34 errors per 100 bedsas/ithose
using the individual error had an average of 28 errors and 23 errors per 100 beds. Harm
occurred in 8.2% of the errors reported in the annual report system, whereas harm
occurred in 10.5% of the errors reported by facilities using the individual estensyin
general, residents in facilities using the annual report reportingrsystee older, more
were women and could not direct their own care. SNFs reporting using annual report
system reported 53% of the errors as dose omissions, facilities using individual e
system reported that 41% were dose omisSidtexilities that chose the annual report
system may have different error incidences than facilities who subdmeiperts through
the individual error system. These differences are not known. The number sf error
occurring during the seven days following admission into the SNF is also unknown for

those facilities using the annual report system. In year five, the numB&~sf using the
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individual error reporting system increased to 73% and beginning October of 2008, all
SNFs were required to report using the individual error system, eliminatirey thes
unknown differences™.

Limited facility and resident characteristics were availattehalysis. Resident
acuity levels are not known. Only age, gender, and cognitive ability and iaquaetling
to the NCC-MERP index are known. Therefore two residents may experiencenthe sa
medication error but have different outcomes due to their physiological, stéiere
resident acuity is not accounted for when dichotomizing into harm or no harm.

Limitations of the models include potential omitted variable bias and unexplained
error. The data was self reported from a mandatory reporting progra@l déa is only
from the state of North Carolina during 2007, and contains limited resident anty facili
characteristics. The data is limited to medication errors during thdétiwargeriod into
the SNF, and the dataset could not be merged with any other data under the data use
agreement.
5.3 Conclusions

This study supports the need for improved processes as patients transition
between providers, with 68% of the SNFs reporting a medication error during the first
seven days of a resident's admission. Further research in error repativagisnand
cultures of reporting will improve the data collected and opportunities for safdemne
care. The punitive culture of the nursing home environment does not likely support a
transparent environment or one of open communication. Fear of litigation, survey

deficiencies, and civil monetary penalties could contribute to under-reporting . e
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The interaction between SNF ownership and chain affiliation deserves further
study. Does the membership in a chain provide an increase in effectivenessdsytacc
performance improvement programs, standardized processes, and resourcesyor me
more efficiency and profit? Is the impact of a chain different for nopfofit and for-
profit SNFs? In this study the relationship between being of a chain, regarfesst
status, had a protective effect from a resident experiencing a medieair. Further
research evaluating the systems and processes used by multi-tgahisgions will
contribute to an understanding of the processes that improve resident safetglelS)afm
systems and processes include: evaluation of systems such as corporatbt@ratsig
their evaluation of individual SNF operations, policy development at the corporake le
with mandatory implementation at the facility level, use of economies of sndléha
use of resources to investigate and review errors and potential errors.

The medication use process is complex with multiple opportunities for error
occurrence. The method of error detection and the persons involved often determine
when an error is identified and the response. Additional study of both the phases where
large numbers of errors occur (documenting and administering) along witesstdidi
phases where the most harm occurs (prescribing) will identify procesgebuiing to
harmful outcomes. Previous research indicates that observation of medication
administration identifies considerably more errors than chart review adémtc
reporting. Further study of the relationship between the primary personnelddvnlthe
study and phases of the medication use process will contribute to understandimggreport
processes and where the error originates. As this study shows physieraranily

involved with 39.3% of the prescribing errors. If the error is truly a prescrédyiag then
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it should originate with the physician not the nurse. The same could be said for a
dispensing error which should originate with the pharmacist.

This study did not indicate a relationship between the processes of administering
medications and a harmful medication error. The process of prescribing noediceas
found to contribute to harmful medication errors. Donabedian's model where process
contributes to outcome was supported with the medication use process of prescribing
medications contributing to harmful medication errors.

Wrong dose errors contributed to considerable harm in this study. Further
research in the prevention of wrong dose errors (under dose and overdose) whllitntr
to improved medication therapies for SNF residents. Evaluation of wrong doss caus
(packaging, communication between providers, distractions, etc) will contrthate t
better understanding and improved medication administering process. Wedeporte
almost two-thirds of the wrong dose errors were due to personnel issues, with basic
human error being the most prevalent cause. Further defining basic human error int
specific human errors will contribute to reducing medication errors arfdrarasident
care environment. Almost half of the wrong dose errors occurred during the documenting
phase with 42.7% a recording issue. Further evaluation, such as observation of when and
how documenting and recording of medications at admission occurs will contakaute t
better understanding of how these processes contribute to safer resident sutcome
Implementing practices that rely on systematic processes, such astpceforms and
checklists, instead of human memory for specific processes such as admissi

documentation will contribute to improved resident outcomes.
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Potential policy implications include improved communication between providers
across the continuum of care. Our study indicated 68% of the SNFs reported an error
within the first seven days of the resident's admission to the facility; supptir¢imged
for medication reconciliation at admission into the SNF. At the time of this stadiz N
Carolina did not have a requirement for SNFs to complete medication reconcilotion f
new admissions. Although JCAHO does mandate medication reconciliation across the
continuum it is difficult to mandate reconciliation when many SNFs are not @CAH
accredited.

At the time of this study few nursing facilities in North Carolina usectreleic
health records and related information technology in documenting resident care
processes. As the uses of information technology continue to indicate reduction in
medication errors and adverse drug events in acute care, potential policatiops for
SNFs include use of automated processes for physician orders and the prescribing
process, on-line decision support systems and alert and warning systernesdasahnd
drug interactions.

As information on the use of medication aides becomes more prevalent, further
study of their impact on the safe administration of medications should be evaluated.
Studies with larger sample sizes will contribute to understanding theirlagrdn to a
safe medication use process and potentially relieving the expected slodmagees as
the demographics change. The outcomes of these studies will have policy implications

for the future of the nursing workforce and processes used to staff SNFs.
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