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Running Head Antibiotic Use and Diagnostic Testing in NHs

ABSTRACT

Objectives: Tasevaluate the use of diagnostic testing prior to treating an infection inguursi
home (NH) residents with indwelling devices suspected of having a urinary tract infection
(UTI) or pneumonia.

Design Prospective longitudinal study nested witeirandomized trial

Setting: SixsNHs:in Southeast Michigan

Participantsix162 NHresidents wittan indwelling urinary catheter and/or enteral feeding
tube with 695 follow-up visits [189/695 (28%) visits with an infection].

Measurements Patientspecific clnical and demographic data—including information on
incident infections, antibiotic use, and results of diagnostic tests—welaeibtd study
enrollment, after 14 days, and monthly thereafter for up to one year.

Results Moresthan half 100/162 [62%]) oNH residentswith indwelling devicefiad an
incidentdnfection requiringntibiotics with substantial variations between NHBesides
presence of infectioepecific ymptoms, change in functiomasa significant predictor for
ordering a chest-ray todetect pneumoniaOR = 1.7, P = 0.01). Similarly, change in

mentation waswa significant predictor for orderindA (OR= 1.9 P = 0.02, chest xray

(OR= 3.3;P.<,0.01), and blood cultur®©R = 2.3 P = 0.02). Enpiric antibiotic use before
having laboratory data occurred in 50 of 233 suspected UTI (21.5%) and 16 of 53 (30.2%)
suspecteghneumonia. Antibiotics were used in 17% of visits without documented clinical or
laboratory‘evidence of infection.

Conclusion In this study nested within a cluster randomized trial and using data from control
sites, we show_that constitutional symptoms such as change in function andamentat
commonly lead to diagnostic testing with subsequent antibiotic prescribing. Giiatinse

often continues despite negative testiltssaand should be a target for future interventions.
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INTRODUCTION

In the United States, approximately tlion peoplereside inover 15,000 nursing
homes(NHs)! Thesefacilities arecrucial to meethe postacuteand longterm care needs of
older adultsMultiple comorbiditiesare common in this population, which contributes to
poly-pharmaey, often with the eventual developmerarimicrobial resistancand
inadvertent,side effesf> NHs are increasingly recognized as reservoimoftidrug
resistant organism$ADROs).>®

Antibieties are one of the most frequently prescribed medicatioNsig) with 6% to
10% of residents receiving tteemedications at any given tiffeand 50% to 80% receiving
at least on@rescrigion over the course of a ye&® An estimated®5% to 75% ofantibiotic
prescriptions/for NH resident® not meet clinical guidelines for appropriate prescribiiy.
Empiric antibietic treatmernti.e., preemptivadministration of antibiotics prior to a definitive
diagnosis)issparticularly concerningpecause suchisefurther contributeto overuse and
importantly,can be reduced by thoughtful practical interventfohs.

Diagnosis oinfections inolderNH residents is padularly challenging as thegre
oftenfrail, havemultiple comorbidites and commonljhave atypical clinical
presentations®*" For instance, fever may be low or absent in older persons with infections.
Moreover, physician visiteend to banfrequent, with manwntibioticsprescribedhrough
telephone orders, often by @all physicians, anahitiatedwithout a preceding physical
examination or confirmatory diagnostic t&stideally, in the absence afivancedlirectives
from the residentroprimary caregiver limiting medical iatventionsNH residentswith a
suspected.infection should have appropriate diagnostic laboratorgadsisnedand the
results reviewedby ther primary cargrovider?®
While early administration of antibioticsay be prudent in severe cases, most situations can
be managed conservatively while awaiting diagnostic test results.

In thisstudy, our aim was to evaluate tieeand timingof diagnostic testing prior to
initiating anantibioticregimenin high+isk NH residentsvith anindwelling urinary catheter
and/or enteral feeding tulsaspecteaf havingaurinary tract infectionyTI) andbr
pneumaniaPresence of these devices doubles the risk of infection and antimicrobial use
We were particularly interestén presenting symptoms that leadltagnostic testing and
subsequerdntibiotic prescribingUnderstandinghesetriggers iscrucial to designing
interventions that can successfully chatigebehavior of physicians, physician extenders,

nurses, and carproviders as well as improve patient outcomes.
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METHODS

Study Population and Design

The parent studproviding data for this longitudinal cohawias a clusterandomized
interventionstrialconducted in 12 communityased NHSs located in Southeast Miargrom
May 2010 to.May 2013’ The goal of the parent study was to design, implement, and
evaluate the efficacy of a multbmponent Targeted Infection Prevention (TIP) Program in
reducing MDRO prevalence and infections in higik NH residentsThe progct was
approved by the Institutional Review Boarduwfiversity of Michigan Data were collected
by trainedresearch stamployed by the Division of Geriatric and Palliative Care Medicine
at the University of Michigawho had clinical experience in NHResidentsvith an
indwelling/device, includingfeeding tube, mindwellingFoley uinary catheter, or a
suprapubic urinary cathetewereeligible for this study. Four hundred and eights=sidents
(six contral sitesp = 215 and sixntervention sitesn = 203)were enrolled in th&lP study
over the course of three yeaFar the current study, we used information from the six control
sites in the TR, study. Since prospective dataamecessary to track incident infections,
residentssneeded two or more visits to be included in the analysis.thfdg/residents
enrolled at the six NHs had a baseline visit only and were eliminated; this yielded 162
eligible residents with an indwelling device of the 215 persons enrolled.

Participants had a studysiti at baseline, after 14 days, and monthly thereafter for a
maximum ‘of.one year (or until death, discharge, or device discontinuation). Fglltme
for each participant was the time from initial enrollment (day 0) until the last falfpwisit
was completed."Clinical and demographic data were obtained at each visit from the source
documents at the participating facility or by chart review conducted by trained research staff.
We recorded descriptive data at the time of admission and prospectively tracked diagnostic
tests and incident infections from the first folleyw visit (day 14) to capture predictors of
incident'events within the NH.
Diagnostic Tests and Infection Criteria

The diagnostic testsf interest were urinalysis (UA), urinary culture, ddbculture,
sputum culture, and chestrdy. We assessed whether any of the diagnostic tests were

ordered and/or completed (yes/no) within seven days of antibiotic prescribing eyireyi
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clinical documentationin order to be considered infected, aichnote in the participant’s
medical record documenting the type of infection and a corresponding prescription of a
systemic antibiotic for more than three days to treat that infection were requireglsdVe
collected data on residents who were given systemic antibastccdad a diagnostic test
performed butdid not have an infectidocumented.

Clinical symptoms including acute dysuria, fever (>37.9°C [100°FE16°C [2.4°F]
increase above baseline temperature), new or worsening urgency, fregquencgntinence,
suprapubie pain, gross hematuria, costovertebral angle (flank) tenderness orighiange in
functional status were documented for patients wittiagnosis of &/TI.** Change in
function was defined as either a clinician note documgran acute functional decline or a
change in functional status score using Lawton and Brody’s Physician Self Maintenance
Scale (PSMS)with change in PSMS being a dichotomous variable (change present or
absentf*#* Symptoms includingleuritic chespain, fever, cough, new or increased sputum
production, and change in functional status were recorded for patients with a diagnosis of
pneumonig>
Statistical Analyses

Data,were analyzed using a longitudinal panel design. Preliminary analyses began
with the characterization of study residefitss 162)with stratification by antibiotic use
(ever[n = 100}wvs. neverrf = 62]). Differences in means were assessed using-sawple
t-test and differences in proportions were assessed using Pearsesgsadd test. This was
followed by an assessment of the variatiomfaction rates andntibiotic usage across the 6
NH sites. To assess differences in infection rates across sites, a raftimts Poisson
model for panel data was usadd offset by the natural log of person-days under observation.
A similar model was used to assess differences in the rate of antibiotic use.

Diagnostic testing within 7 days prior and including the day ofdministration of
antibiotics'was.investigated in residentish UTI or pneumonia who had detailed
information‘regarding the timing of tests and dates of antibioticruseR residents) Eight
residents had=missing or incomplete information regarding antibiotic start and/or stop dates
and were excluded hese analyses wesgratified by whether the diagnostic test yielded a
positive or negative result, in order to assess whether antibiotic use was influenced by the
types of diagnostic tests as well as the test resfiltiagnostic test was considered
confirmatory if it was ordered and completed either on the same day as the andiloietior
within the7 dayspreceding the antibiotic order.

Predictors of diagnostic testimgere evaluated usingultilevel randoneffects logit
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models, with the likelihood function approximated using the adaptive G#erssite
guadrature methodUse of individuatliagnostic testwas modeled separately usithg
following independent variable&) demographic data on admission (age, sex, weight,
number of comorbidities from Charlson Comorbidity Sgofle symptoms (fever, chills,
dysuriaor-hematuriaurgency, frequency, suprapubic pain, and/or incontinence for UTI;
fever, cough, sputum, mental status change, and/or chest pain for pneumoniajge)icha
the Physical'SelMaintenance Scal@hange present or absefftplpha was set at 0.05, 2-
tailed. Data were analyzed using STATA/Mirsion 13.XStataCorp LPCollege Station,
TX).

RESuULTS

Demographic Characteristics

The 162 eligible NH residentgith indwelling devicegrom 6 NH facilitieswere observed

for an averagesfollow-up of 104-122) days, with a total of 857 visits overall (including 695
follow-up visits): Seventyrine (48.8%) residents had an indwelling urinary catheter, 54
(33.3%) residents had a feeding tube, and 29 (17.9%) residents haOfltbel 62

residents, 100461.7%) received one or more coursastidiotics at some time during
follow-up (344 prescriptions)Resident characteristics are shown in TAbl&he mean age
of residents was 72.213.5)years with the majoritybeingmale 03 [57%]) and Non-
Hispanic white {18 [86%]).Themean Charlson comorbidity score was 22.1) at
baselineThe mean age, gender, race, admission weight, number of comorbidities, and
physical funetioning were similan residents who were prescribed antibiotics as those who
were not...Overall, antibiotic use was more common in residentawrihary catheteri <
0.001) compared with those who had a feeding tube only and in those who ever had a
pressure ulcefP'< 0.001).

Table2 describes the variation in antibiotic use among the 6 NH facilities. The
results are"given by visits, with each resident having multg#g\(sits. Overd| the mean
number ofvisits'was 5+4) per persa. For27.7% (189/683) of the follow-uygsits, a new
infection had occurred within the past 30 days, with significant variation in therpoopo
infected across the 6 NHsange = 13.5% to 40.6%P = 0.008). The rate of new infection
per 1000 device-days was 11.7 (Table 2). Importantlyhiatics were prescribed in 17% of
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494 visits without any documentation of the presence or type of infection.
Predictors of Diagnostic Testing

As expected, having at least one clinical symptom of a UTI was strongly predictive of
both UA testgadjustedodds ratioaOR = 5.3;P < .001)and urinary culturingaOR = 5.3;P
< .001). 'Similarly, having symptoms specific to pneumonia was predictive of both ordering a
sputum culturedOR = 17.2;P < .001)and a chest Xay (aOR = 6.5P < .001). Symptoms
suggstive of UTI'@OR = 2.5 P = 0.01) also predicted obtaining blood cultures.

Residents who had a fever (>100°F or R itrease above baseline temperature)
were more likely to have a chestay, a sputum culture, and a blood culture compared to
residentswithout a feve(Table 3). Residents who had a change in mental status (new onset
delirium or/€onfusion) were more likely to have a WAghest xay, and a blood culture done
compared to residents without a change in mentafonilarly, residents whdnad a change
in physical functional status were more likédyhave a chestray, a sputum culture, aral
blood culture compared to residents without a change in function.

Antibiotic Use and Diagnostic Testing for UTI and Pneumonia

Threehundred and fortypur prescriptions were written fandications of pneumonia
or UTI in 92residents Of these, 38%n(= 131) of antibiotic prescriptions were written
and/or started before a laboratory test was done; 6292(3) were started following a
confirmatory.@agnostic testonsistent with the infectiohe average number of antibiotic
days for the treatment of a UTI wasldys (ange= 1 to 60 days) and for pneumonia was 7.5
days (ange = 1 to 29 days), based on those residents who had information regarding
diagnostic testing and antibiotic use.

Figure 1 displaysvhether adiagnostic testvas obtainedn the 7 days prior to the
onset of arantibioticregimen Physicians did not utilizéhe most recerdiagnostic test(s)
prior to prescribing antibiotics in 2% of instances in which a UTI was suspected (50/233)
and in 30.2%.of/instances in which pneumonia was suspected (16/53) (Figure 1). Among
233instancesof'UTla UA was the most commonly performed diagnostic test prior to
prescribing-an-antibiotilm(= 161; 69.1%), followed by a urine cultumrex 142; 60.9%). In
approximately onehird of instanceghere was either no request fodA or the results were
not availableprior tanitiation of treatmenfor a suspected UTBIlood cultures were
conducted in 18%f instancesn(= 42) prior to antibiotic prescribingn residentswith a
suspected)TI. Among 53 instances of treatment for pneumonia, a cheay Mras the most
commonly performed diagnostic teat 30; 56.4%) prior to prescribing an antibiotic,

followed by a sputum culture & 14; 25.4%).
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Figure 2is a representation of antibiotic use following the reviewiafjinostidest
results.In those observations in whielJTI was identified a positiveUA or urine culture
led to antibiotic administratiom 89.7% ofinstance$209/233). The vast majority of
antibiotics were discontinued if results of a UA or chesa)Xwere negativeHowever, in
25 (17.6%)urine culturesantibiotics for a UTwerecontinued despite negativesults
Blood cultureresults were often negativéhenresidentseceivedantibiotics foreither UTI

or pneumonia (81.0%nd88.2% respectively.

DiscussioN

Empiric @antibioticuse among older NH residents is concerning, prompting national
calls to redesigniinfection control and prevention programs in®NHithis study, we explore
predictors of diagnostic testing, variations in antibiotic usage, and the extentto whi
different diagnostic tests influence decisions concerning antibiotic jréscs. Along with
infection-specifie’symptoms, a change in function and mentation often trigger diagnostic
testing. Additionally, weshow that tesguided antibiotic use exceeds empiric prescribing,
though antibiotics were initiated without employing diagnostic testing in 21.5%ctedpe
UTls and in 30:2% suspected pneumaniactions.However,the use o&ntibioticsin NH
residentoftencontinuesdespite negativiaboratorytests forsuspectedhfection Ourresults
suggesthatdiagnostic testing should be used more promptly #edtesely in order to
reduce inappropriate antibiotic use.

Inappropriate antibiotic udeadsto poor patient outcomes, including adverse drug
events, higher healthcare costs, anéhaiotobial resistanc&’ While many differentriteria
areused to,judge the appropriateness of antibiotics prescribed, the majority of loraitudi
surveillance studies find at least 50% of antibiotic courses to be inapprdptiatatz et at®
found thatsinfermation derived from laboratory test results or physical exaomrigured in
the antibiotiesprescription process approximately 50% of the time, and a survey of more tha
200 NH residents ithe USnoted the presence of localizing signs and symptoms in only 46%
of the residents for whom antibiotics were ordéretllso in that study, appropriate cultures
were obtained in only 58% of suspected UTIs, and sputum cultures in 3% of suspected lower
respiratory tract infection’s.In our study, antibiotics were used in the past 30 days for 99%
of visits in which a UTI or pneumonia occurred (as defined by study criteria) a@é&amfl

visits in which the resident did not haae infection More than onehird of antibiotic
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prescriptions for UTI or pneumonia were writi@rstarted before a laboratory test was done.

Our resilts alsoshow that a&hange indnctionand mentatiomommonly triggers
further diagnostic testing. Professional societies such as the Infectious Disease Society of
America emphasiztinctional assessment as part of the infectious disease evaluation in a
older adulé*However, although a progressivdection can present as a change in function
or mentation not allof thesechanges are due to an infection. Further researchimimum
differential"diagnostic consideratioimspatients with acute functionahd mentastatus
change irmospitals and NHs urgently needed. In particular, defining the probability of
infection when,a resident has isolated functional or mental status change has the potential to
substantially change physician prescribing pcas.

Ourstudy: highlights how different diagnostic tests influence decisions concerning
antibiotic prescription in NHsFollowing review of test resultshe prescribing physician or
physician extendemnustreachatreatmentdecision, sometimes withcomplete information
While failing to treatan older adulbased on a negative test resatiuces inappropriate
antibiotic use and thus enhance resident safietytline providers may have concerns
regarding theetential rapid decling an infectionremained untreatedhus, tre benefitof
over{reating patients with clinically suspected infections but negative diagnostionestts
be balanced bthe contributory development of antibiotic resistaad other adverse events
in thelarger poptationas a wholé>?° A growing body of evidence demonstrates that the
effectiveness of simple educational interventions, a proactive approach needs to be
implemented to curb and eventually eliminate inappropriate antibiotic usage ih?RiHS.

Major stengths of this studgre its prospective longitudinal design that involved
high+isk residents from multiple fregtanding NHs. Data was collected by trained research
staff. We acknowledge several limitatioas well We did not collect information on the
prescribing.clinicians’ specialtydditionally, the focus of this study wadH residentsn
Southeast' Michigan who had an indwelling device and were at a lpgtentialrisk of
infectionthan'most residents in Nktherefore the results may not be geakzable to alNH
residents.Qurpopulation is slightly younger and includes more males who have indwelling
urinary cathetetslt is also important to point out that camalysis of diagnostic testing
focuses on these individuals who receiagdibiotics; our study did notollectinformation
on individuals for whom a test was ordered but no antibiotic was prescribed. Thisheoul
an important population to examine in future studies.

In conclusion, we found relatively high percentage of empiriciidtic usein NHs

in the absence of clinical evidence of infectwith substantial variations between NHs.
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While the indication®of laboratory testing appeared appropriate, the results of laboratory
testing did not necessarily inform decision-making régg antibiotic treatmen&urther
studiesto improveantibiotic stewardsp in NHs shouldaddress clinical dedmn-making

based on symptomatology and the interpretation of diagnostic test results. Avenueefor m
rapid, yet-aceurate, testing may be thiagxploration so that antibioticain be expeditiously
targeted to those who would most likely bene8tuch approaches should augment efforts to
improve antibiotic stewardshippduceMDROSs, and enhance the ditg of life amongNH

residents.

ACKNOWLEDGMENTS

We thank the leadership and healthcare personnel at all participating NHs, and the members
of theTargeted Infection Prevention (TIF§tudy Team, includingsuzanne Badley, MD;

Kay Cherian, MSc; Jay Fisch, MSc; James T. Fitzgerald, PhD; An@etegki, MD;
Mohammed,Kabeto, MS; Carol A. Kauffman, MD; Evonne Koo, MS, MPH; Sarah L. Krein,
PhD; Bonnie Lansing, LPN; Sara E. McNamara, MPH; Lillian Min, MD; Ana Montoya, MD;
Tisha Moore;"BA; Russell Olmsted, MPH; Ruth Anne Rye, BS; Sanjay Saint, MBlel€at
Symons, BA;.and Linda Wang, BS.

Abstract Presentation: This abstract was accepted for oral presentation at IDweek2015.
Support: The parent study was supported by Veterans Affairs Healthcare System Geriatric
Research Education and Clinical Care @efGRECC, Mody), National Institute on Aging
Pepper Center (grant P30AG0248aMody), and National Institute on Aging (grants
RO1AG032298, R0O1AG041780 and K24AG050685 to Mody).

Author Contributions: Eke-Usim, Rogers, Modyconceptand designacquisition, analysis,
andinterpretationof data;draftingandrevisingthe article critically for importantintellectual
content. GibserCrnich:analysisandinterpretatiorof data;draftingandrevisingthearticle
critically forsimportantintellectualcontent All authorsreviewedand approved theubmitted
version ofthearticle.

Sponsor’'sRole: The sponsowasnot involvedin the study design, methods, subject
recruitmentdatacollections,analysis,or preparation of the papefrhe contents solelythe
responsibility of the authors and does netessarilyepresenthe official views of the

funders.

This article is protected by copyright. All rights reserved



REFERENCES

1. HarrisKojetin L, Sengupta M, Parkee Eet al Longterm care services in the United
States: 2013 overviewational Center for Health StatisticVital Health Stat 2013;3:1-
107.

2. Dananan N,/Gruneir A, Newman At al. Antibiotic use in longeerm care facilities. J
Antimicreb=Chemother 2011;66:2856-2863.

3. Crnich,Cdudump R, Trautnerdd al. Optimizingantibiotic stewardship in nursingomes:
A narrdive review and recommendations fonprovement. Drugs Aging 2015;32:699-
716.

4. Trautrer BW, Grigoryan L, Petersen Mg al.Effectiveness of aantimicrobial
stewardshigapproach for tinary catheterassociatedasymptomatidacteriuriaJAMA
Intern Med«2015.75:1120-1127.

5. Montoya A, Mody L. Common infections in nursing homes: A reviewuwfent issues
and challengesA\ging Health 2011;7:889-899.

6. JuthaniMehta M.Changingclinicians’ behavior: To order arot to ader aurine culture.
JAMA Intern Med 2015;175:1127-1129.

7. Pakyz AlnDwyer LL.Prevalence of antimicrobial use among United States nursing
homerresidents: Results from a national surlrégct Control Hosp Epidemiol
2010;31:661-662.

8. D’Agata E, Mitchell SL. Patterns of antimicrobial use amongingrsome reisients
with advaneed dementia. Arch Intern Med 2008;168:357-362.

9. Loeb MB;.Craven S, McGeer At al Risk factors for resistance to antimicrobial agents
among'nursing home residents. Am J Epidemiol 2003;157:40-47.

10.Daneman N, Gruneir A, BronskBE et al Prolonged antibiotic treatment in lotgrm
care: Role of the presber. JAMA Intern Med 2013;173:673-682.

11.Lim CJ, Kwong M, Stuart Rlet al. Antimicrobial stewardship ingilential aged care
facilities: Need and readiness assessnmBNIC Infect Dis 2014;14:410.

12.Rotjanapan P, Dosa D, Thomas KS. Potentially inappropriate treatment oy trachr
infections in two Rhode Island nursing homes. Arch Intern Med 2011;171:438-443.

13.Katz PR, Beam TR JBrand Fet al Antibiotic use in the nursing ha@mPhysician
practice patterns. Arch Intern Med 1990;150:1465-1468.

This article is protected by copyright. All rights reserved



14.Loeb M, Simor AE, Landry let al Antibiotic use in Ontario faciliés that provide
chronic careJ Gen Intern Med 2001;16:376-383.

15.ZimmerJG, Bentley DW, Valenti WMt al Systemic antibiotic use in nursing homes. A
guality assessment. J Am Geriatr Soc 1986;34:703-710.

16. SmithePyBennett G, Bradleye al. SHEA/APIC guidelinenfection prevention and
controlin the longerm care facility. Infect Control Hosp Epidemiol 2008;29:785-814.

17.Vergidis P, Hamer DH, Meydani S&t al. Patterns of antimicrobial use for respiratory
tract infections in older residents of leteym care facilities. J Am Geriatr Soc
2011;59:1093-1098.

18.Berntley. DW,Bradley S, High ket al Practice guideline for evaluah of fever and
infectionin’longterm care facilitiesClin Infect Dis 2000;31:640-653.

19.Wang L, Lansing B, Symons K et #hfection rate and colonization with antibiotic
resistant organisms in skilled nursing facility desits with indwelling deviceg&ur J
Clin Microbiol Infect Dis 2012;31:1797-1804.

20.Mody L, Krein SL, Saint X et al.A targeted infection prevention intervention in nursing
home residents with indwelling devices: A cluster randewahitrial. JAMA Intern Med
2015;175:714-723.

21.Loeb M, Bentley DW, Bradley &t al Development of minimum criteria for the initiation
of antibioties in residents of longrm-care facilitiesResults of a consensus conference.
Infect Control Hosp Epidemiol 2001;22:120-124.

22.Lawton MP, Brody EMAssessment of oldgreople: SeHmaintaining and instrumegit
activities of daily living.Gerontologist 1969;9:179-186.

23.Dommeti P, Wang L, Flannery Bt al Patterns of ciprofloxaciresistant gram
negative bacteria colonization in nursing home residents. Infect Control Hasgoitqli
2011;32:177-180.

24.High KP, Bradley SF, Gravenstein@inical practice guideline for the evaluation of
fever andvinfection in older adult residents of ldags care facilities: 2008 date by the
Infectious=DiseaseSociety of AmericaClin Infect Dis 2009;48:149-171.

25.Daneman N, Bonskill SE, Gruneir Aet al.Variability in antibiotic tseacrossnursing
homes and,thask of antibiotic-relatedadverse outcomes for individual residedg&MA
Intern Med2015;175:1331-1339.

26.Mody L, Crnich C Effects ofexcessiveantibiotic use innursing homes. JAMA Intern
Med 2015;175:1339-1341.

This article is protected by copyright. All rights reserved



27.Zimmerman S, Sloane PD, Bertran@fal. Successfullyeducing antibiotic gescribing
in nursing homes. J Am Geriatr Soc 2014;62:907-912.

28.Loeb M, Brazil K, Lohfeld Letal. Effect of a multifaceted intervention on number of
antimicrobial prescriptions for suspected urinary tract infections in residents of nursing
homesCluster randomized controlled trid8MJ 2005;331:669.

29.Petterson E, Vernby A, Molstad &t al Can a mltifaceted educational intervention
targeting both nurses and physicians change the prescribing of antibiotics to nursing home
residents? A cluster randomized controlled trial. J Antimicrob Chem2@iet;66:2659-
2666.

Table 1. Characteristics of Residens from 6 TIP? study Nursing Homes(n=162)

Resident Characteristic Antibiotics No Antibiotics Total P-value
Prescribed Prescribed (n=162)
(n=100) (n=62)
Age, mean (8D) 73 (x13) 71 (£14) 72 (£14) 0.54
Males, n (%) 61 (61) 32 (52) 93 (57) 0.24
Non-Hispanic whitegn«(%0) 73 (86) 45 (85) 118 (86) 0.87
Weight, Ibs, mean'@&D) 180.9 (+64.7) 167.0(x61.1) 175.4(x63.5) 0.19
Charlson comorbidity score, mearS@) 3.0 (x2.0) 2.8 (x2.2) 2.9 (x2.1) 0.50
Ever had pressure sore, n (%) 65 (65) 18 (29) 83 (51) <0.001
PSMS mean (SD)° 22.1 (£3.8) 21.9 (¢4.4) 22.0 (+4.0) 0.81

SD = standard deviation; PSMSphysical seimaintenance scale.
@Targeted Infection Prevention (TIP) study included residents with indwelling urinary
catheters and/or.feeding tubes

PPSMSscores range from-80, with higher scores reflecting greater dependence.
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Table 2. Variation in Antibiotic Utilization among Nursing Homes

Nursing Home Facility

Characteristic

| I I vV \% Vi All

Total number of visits

Number (%o)visits with >1 infectiorf
Infection rate (per 1000 device-days)

Days of atibietic use with UTI or

pneumonia, mean 8D)

Charlson-comorbidity score, mearS@)°

NH ownership

96 177 100 93 107 122 695
13(13.5) 57(32.4) 20(21.1) 23(25.6) 43(40.6) 33(27.5) 189 (27.7)
4.6 16.3 8.9 9.5 16.6 10.5 11.7

105 (+3.2) 10.9 (+6.6) 10.5(+4.9) 8.5 (+6.2) 13.1 (¢6.5) 12.5(x6.4) 11.3 (+6.2)

3.3(¥2.6) 3.1(x2.2) 1.9(1.1) 3.0(x2.8) 26(*1.7) 3.4(x1.9) 2.9 (£2.1)

Non-Profit Profit Profit Profit Non-Profit Profit

NH = nursing home; UTI urinary tract infection.

& New infection within last 30 days. Infection was unknown at 12 visits.

b At first visit.
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Table 3. Constitutional Symptoms and Diagnostic Tests.

Diagnostic test
OR (95% CI)

p-value
Urinalysis Urine Culure  Chest XRay Sputum Culture Blood Culture

Fever 1.2(0.6,2,2) 1.1(0.6,2.00 4.8(2.5,9.0 6.3 (2.0, 19.7) 26.9 (10.2, 70.6)

0.67 0.86 <0.001 0.002 <0.001
Change in.mentation 1.9(1.1,3.1) 1.3(0.8,2.2) 3.3(1.9,5.7) 0.2 (0.03, 1.8) 2.3(1.2,4.6)

0.02 0.32 <0.001 0.17 0.02
Change in‘function 1.4(1.0,2.1) 1.3(09,19 1.7(@1.1,25) 25(1.4,4.4) 2.1(1.4,3.2)

0.07 0.21 0.01 0.002 0.001

OR = odds ratio.
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FIGURE LEGENDS

Figure 1. Bar chart showing % oksidents who received antimicrobialsd had the
diagnostic test performed within 7 days of antibiotic prescription for urinacyibfection
(UTI) or pneumonia. Physicians did not order any test prior to prescribing antibmoAt%oi
of UTls and 30% of pneumonia. Columibéds represent the percentagay test= any of

the 3 tests'listed; Xay = chest Xray.

Figure 2. Bar chart showing % of antibiotic uaenong residents following the review of
laboratory test result3he majority of antibiotics were discontinued if results afiadysis
(UA) or chest'X-ray were negative. However, in 25 (18%) urine cultures, antibiot&s for
urinary tract infectionyTI) were continued despite negative resultslumn ldbels represent

the percentage. Xay = chest Xray.
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Figure 1.
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Figure 2.
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