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Not Resuscitate Orders
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Abstract Word Count: 183/200

Objectivei{To determindoetweenrhospital variation in interventions provided to patiemith
DNR orders.

Data SurcesSetting:United States Agency of Healthcare Research and Quality, Healthcare

Cost and Utilization Project, California State Inpatient Database

Study Design. Retrospective cohort study includioggitalized patientsgeed 40 and older with
potential indications foinvasivetreatments: irhospital cardiac arrest (indication for CPR),
acute respiratory failure (mechanical ventilation), acute renal failure (hemodialysis), septic shock

(central venous catheterizatioapdpalliative care. Hierarchical logistic regressto determine
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associations of hospital ‘early’ DNR rates (DNR order placed within 24 hours of admission) with

utilization of invasive interventions.
DataCollection’Extraction MethodsCalifornia State Inpatient Database, year 2011.

Principal Findings: Btients with DNR orderat high DNR rate hospitals were less likely to
receive invasive mechanical ventilatiftom acute respiratory failurer hemodialysigor acute
renal failuresbutmore likely toreceivepalliative carehanDNR patients at low DNRate
hospitals Patients without DNR orders experienced similar rates of invasive interventions

regardless of hospital DNR rates.

Conclusions: Hospitals vary widely the scopef invasive or organ-supportirigeatments
provided topatients with DNR orders.

Keywords:Administrative data, end of life care, hierarchical regression models, hospice and
palliative medicine, patient preference, quality assessment, risk adjustment, utjlizatiation

I ntroduction

Advance-directives are meant to fogtatientautonomy by documenting wishe=yardingife
sustaining.treatments prior to loss of active decismaking capacity. While efforts to increase
the specificity of advance directives have gained traction (e.g., Patient rdeife Sustaining
Treatmenforms)National POLST, Do Not Resuscitate (DNR) orders remain a common
method to decument wishes to forgertainlife-sustaining treimnents particularly among
patients requiring hospitalizatiolm the strictest interpretatioDNR ordersaremeant to convey
wishesof patientsnot to receive cardiopulmonary resuscitaiG®R)duringcardiac arest In
reality, survey studies suggd3i\R ordersmaybe broadly interpreted by both patients and
physicians(Beach and Morrison 2002; La Puma et al. 1988) to suggest limitation ofranvgde
of health care interventions (e.g., mechanical ventilation, hemodialysis, invasreelpres).

Betweenrhospital differences ithe rate of DNR orders plagat hospital admission (‘early DNR
orders’)and theprocedures or therapies provided to patients with DNR orders may substantially
impactpatient experiences and outcomes, and may confound evaluations of treatment variation
(Bradford et al. 2014) and quality.(Escobar et al. 2013a; Kelly et al. 2014; Tabak et al. 2005;
Walkey et al2016) Somewhat paradoxically, prior studies demonstrated that patients with DNR
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orders tended to have higher mortality when admitted to hospitals with low DNREatehar

et al. 2013b; Tabak et al. 2005; Walkey et al. 2016; Zingmond and Wenger 2005) One potential
explanation for this finding is that low DNR rate hospitals may apply DNR orddrswaite

extensive scope difmitations on egansupportive therapies (e.g., a DNR oraeplies “no

CPR, no meghanical ventilation, no dialysiad no invasive procedurgsis compared with

high DNR rate hospitalavhere DNR may only imply “no CPR”). Althougfariationin the
prevalence’of DNR ordermortality rategEscobar et al. 2013b; Tabak et al. 2005; Walkey et al.
2016; Zingmond and Wenger 2005) and hospital norms surrounding difelaafre(Barnato et

al. 2007; Barnato et al. 2014) has been previaletgribedassociations betwedmospital

DNR ratesangsthe scope afivasive or orgaisupportive therapies provided to patients admitted

with DNR ‘orders across hospitageunclear.

In order tocleseknowledge gaps regarding variation in thmplementatiorof DNR orders

across hospitals, we examined associations of early DNR orders (placed within 24 hours of
admission) with utilization of invasive procedures and orggoportive therapies (such as
mechanical ventilatignramong patients hospitalized with acute organ fedusiven prior

reports of higher mortality rates for patients with DNR ordelsvaDNR rate hospitals

(Escobar et al22013b; Tabak et al. 2005; Walkey et al. 2016; Zingmond and Wenger005) w
hypothesized-that low DNR rate hospitals may apply DNR orderswmatkextensivescope of
limitations oninvasive proceduresvith lower likelihood of utilizinginvasive interventions

among patients with DNR orders and indications for each invasive intervémicompared to
DNR patients irhigh DNR rate hospitals).

Methods

Cohort

We analyzed@opulationbasedcohort of hospitalized adults aged 40 and oatestracted from
the 2011Healthcare Cdsand Utilization ProjectCalifornia State Inpatient Database (CA S[D)
Healthcare Cdsand Utilization Project, 201Bnadministrative claims dabasecontainingall
non+ederal acute car®spitalizations in CaliforniaA characteristic of the CA SID is a

validatedfield that captures DNR orders written during the first 24 hours of hospitalization
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(‘early DNR’).(Goldman et al. 2013Wsing algorithms based updnternational Classification

of Diseases, 9th edition, Clinical Modification (ICD-9-CM) codes, we defined 4 naxclusive

cohorts of patients with potential indications for interventions or organ suwaptrarapies of
interest:patients withany diagnosis adicute respiratory failuredq evaluate mechanical
ventilation)acute renal failure (hemodialysis), septic shock (central venous catheterization) and
cardiac arrest (CPR), (s&applemental Digital Appendix Table 1). In order to avoid

capturing 'out'of hospital cardiac arrest, exeluded patients witbardiac arrest coded as present

on admission:"Howevebecause mechanical ventilation, dialysis, or central venous
catheterization are less likely initiated acutely out of hospitaldid notplace restrictions on

timing of agutesxrespiratory failure, acute renal failweseptic shock

Early DNR.Measur es

Both patient-level early DNR status and hosdeakl earlyDNR rateswere identifiedWe
defined lospital DNR ratsas the percentage of patients with an early DNR anheng all
patients ages 40 and olddreach hospitalve excludedsevereoutlier hospitals with DNR rates
less than or greater than the 95%ile., 0% or more than 25%jospital DNR rates among all
patients,correlated strongly with hospital DNR rates among patientsovithtionsof interest (r
=0.92).

Covariates

We developed a artality riskindexfor comorbidities and acute organ failures among our cohort
of hospitalizedypatient® improve statisticainodel performancdn separate logistic regression
models including:lixhauser(Elixhauser et al. 1998) comorbidities aaxliteorgan failuresye
assigned integer values based upon effect estimates foc@aohbidity (risk score calculations
shown inSupplemental Digital Content Table 2) or acute organ failureSgpplemental Digital
Content Table 3) as a predictor of mortaliffAngus et al. 2001; Martin et al. 200&ach
patient was assigned a comorbidity score from the sum of the comorbidity valwes atute
organ failuresscore from the suof the organ failure value¥/e then riskadjusted models using
patient demagraphics, hospital characteristics, the Elixhauser comorlslliilgdex and acute
organ failures index (statistic for full model to predict mortality among hospitalized
cohort=0.88).

Outcomes
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We computedisk-standardizedhospital rates of invasive or organ-supportive therapies among
at-risk patients, includhg: a) mechanical ventilation during acute respiratory failure, b)
hemodialysis during acute renal failure, c) central venous cathetenidatimg septic shock,

and d)CPRamong patients witm-hospitalcardiac arrestThe four different procedures were
seleced to represent different levelsafan support, “invasivenessindspecificity in
conventional DNR orders, rangifigm CPR (ulti- organ supportmore invasive and

explicitly limited by a DNR order) to mechanical ventilation and hemodialysisvidual organ
support highrte-moderately invasive, inconsistently limited by DNR orders) to central venous
cathetersgartial organ support, likely considered less invasive and unlikely to be explicitly
limited by a DNR order) We also examined associatiooEpatient DNR status and hospital
DNR rates'withpatientreceiptof invasive or organ supporting interventions. As additional
measures of resource utilizatisre examined encounters foalliative care [CD-9-CM V66.7,
sensitivity 81%, specificity 97%) (Qureshi, Adil, and Suri 2048ong patients with DNR
orders,as well asospital length of stayL©S) for patients included in any of theodgan failure

cohorts.

Statistical Analysis

Summary-data'were examined across quartiles of hospital DNR rate. We also assessed the
distribution of demographics, comorbid conditions, and acute organ failures stiayified
individual ‘patient DNR statu$n order toassesgotentialdifferences in utilization ratdsy

patient DNR statusye stratified analyses examining associations between hospital DNR rates
andinterventionsby patient DNR statu$Ve assesseeffect modificatiorby patient DNR status
acrosshospital. DNR rate by using a hospital DNR rate by pafddR statusnultiplicative
interactiontermAs previously described,(Walkey et al. 2016) mo@sksessing associations of
hospital DNRrates with resource utilizatiomereadjusted foffixed effects ofdemographics,
hospital characteristics, Elixhauser comorbidity index, acute organ faihdex, and patient-

level DNR status; modeksoaccounted fohospital random intercepts as wellrardom DNR
slope coefficiers. Including DNR status as bothizeld effect and a random slope coefficient
allowed the association between patient DNR statusesudirce utilizationo vary for each
hospital(Agresti and Hartzel 2000; Finucane, Samet, and Horton 2007; Gould 1998; Localio et
al. 2001)We used hierarchical logistic regression to model utilization of interverdioth®rgan
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supportive therapies with hospital randortercepts Cox proportional hazards modeksnsored
on death and transfexjth robust variance estimators for hospital clustering, were tosexdel

length of stay.

Hospitalriskstandardized interventioates were calculated from the ratio of hospital-risk
adjused rate to the average rigkljusted rate, multiplied by the average hospitalirate
California(Bratzler et al. 2011)Ve evaluated the relative contribution of different covariate
characteristics (patient DNR status, patient demographics/severity of illness, measured hospital
characterigticsy,and hospital clustering effectshonolel predictiorfor resource utilization by
measuring‘ehange in Akaike’s Information Criterion after exclusion of each tvéstc of
interest from a fullyadjusted model.(Gershengorn et al. 2014; Harrell 2084¢ompared
hospital variation in use of invasive and organ supportive therapies alaoaedents$to reduce
confounding.by indication)(Fisher et al. 2003; Wiener and Welch 2007) among paiidrasd
without DNR orders ging coefficients of variatiorgalculated athe standard deviation divided
by meanhospital DNR ratgVerrill and Johnson 2007) We visualized variation in utilization
among patients with DNR orders wittaterpillat plots and evaluation of statistically significant
hospital.outlier®f risk-standardized utilization rates.

In order tofurtheraccountfor potentialdifferences in casmix severity andCD-9-CM coding
differencesetween hospitals, we calculated the ratio of resource utilization for patients with and
without DNR withineach hospitalWe correlated thavithin-hospital'DNR : notDNR’

utilization ratieswith hospital DNR rates. Hosp#talel correlations were assessed quantitatively
using Spearman rank correlation coefficients and visually using penals@ohé-

regressin.(Eilers and Marx 1996)

Sensitivity Analyses

Because eligibility to receive intervent®may vary by unmeasured differences in severity of
illness that confound relativastimates ofesource utilization, we repeated analysies
associations between hospital DNR rates and patient risk for receiving interveniypasiong
patients with DNR orders who did not survive the hospitalization (decedents)eaded that
decedents in eaclespective cohomvould be the sickest patients (100% mortality) and would
thus be more likely to require the intervention of interest, reducing unmeasured camgdoyndi

indication(Fisher et al2003; Wiener and Welch 2007Because age is strongly associated with
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DNR status, we also repeated analyses of associations between hospital DNR rates and patient
risk for receiving interventions only among patients 80 years of age or \dld@erformed a

third sensitivity analysis excluding patients whose outcomes may be biased by traosfaut

of the hospital, or whodda rehabilitation or ‘convalescend€D-9-CM code (V57.86/66).

We used SAS,version 9(€ary, NC) and a twailed alpha level of 0.05 for all analyses. All
procedures were performed on de-identified data and approved by Boston University Medical

Center Institutional Review Board as exempt from review.

Results

Hospital and.patient characteristics

Among 2.2 million adult admissions 311California hospitalseporting patienearly DNR

orders, we identified 376,793 patients with indications of intefdtr excluding ouiker

hospitals beyond the 95%ile, hospital eddNR rates averaged7.6% with a range of 0.15% to
25.3% Gupplemental Digital Content Figure 1). As expected, patients with DNR orders were
older, with.more comorbid conditions and acute organ faillBesplementary Digital Content
Table 4) and werdess likely toreceive CPR, invasive mechanical ventilation, hemodialysis, and

central venousrcatheters when compared to patients without DNR adrrdbls 1).

Table 2 demonstrates patient and hospital characteristicaif@r2 million adult admissios and
for patientswith,indications of interesgccording to hospital DNR rate quartildospitalswith

the highest.BNR ratawvere less likely to barban orteaching hospitals, had fewer beds, and
were more likely to be ndbr-profit than hospitals with low DNRates. Patientadmitted to
higher DNR rate hospitals wer@der, more likely to be white, more likely to have Medicare or
private insurance, had higher median household incoanelsgreater indices of disease severity
ascompared to/patients admittedhospitals with low DNRates However, among admissions
with in-hospitalcardiac arrest, acute respiratory failure, acute renal failure and septic shock,
patients at*high DNR rate hospitals tended to have lower comorbidity and acute dugan fai

indices.

Variation in treatment utilization among patientswith early DNR orders
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Among patients with organ failures, early DNR orders explained between 3-10% of model
predictive abilityfor utilization of each interventionSupplemental Digital Content Table5).
Hospitalcoefficients ofvariationfor intervention ratesvere significantlygreater among patients
with DNR orders than patients without DNR ordiEnsmechanical ventilatigrhemodialysis,
and central.venous catheters, but not CEBpglemental Digital Content Table 6). Variation
among hospitalg) the proportion opatientswith DNR orderswvho receivednechanical
ventilationfor-acute respiratory failurgSupplemental Digital Content Figure 2A, 32 outlier
hospitalsyandcentral veous catheter for septic sho@upplemental Digital Content Figure
2B) waslargewhencompared with CPR for cardiac arreStpplemental Digital Content
Figure 2C,2 outlier hospitals] andemodialysis for acute renal failur@upplemental Digital

Content Figure2D, 0 outlier hospitals

Hospital DNR.rate and treatment variation

Patients without DNR orders admitted to high DNR rate hospitals did not havecsigtiyfi
different rates of CPR, mechanical ventilation, or hemodialysis than patiginésit DNR orders
at low DNR hospitalsrates of central venous catheters were hifgrapatients without DNR
ordersat.high,.DNR rate hospital§ &ble 3). In contrast, atientswith DNR orders admitted to
high DNR rateéhospitalsweresignificantly lesslikely to receiveinvasive mechanical ventilation
[multivariableadjusted odds ratio (aOBRNR quatrtile 4 vs quartile 1.59, (95% CI 0.45-0.79)
or hemodialysis [aOR 0.58 (95% CI 0.41-0Japn patients with DNR orders at low DNR rate
hospitals Table 3). Associations between hospital DNR rates and use of mechanical ventilation,
hemodialysis, and central venous catheters differed based upon patient DNBp$t@atidson
<0.01,Table3)..The within-hospital ratio of intervention rates for patients with DNR véiowit
DNR ordeswasinversely correlated with hospital DNR rates fieechanical ventilation & -
0.19, p=0.001Figure 1la) andcentral venous cathetdrs=-0.17, p=0.004Figure 1b), but not
CPR €0.04, p=0.520r hemodialysis (r=0.07, p=0.24).

Among patients with DNR orders, 13193/52864 (25%)dadlliative care encounter. Hospitals
with higherearly DNR rates were more likely to utilize palliative care for patients with DNR
orders (DNR rate quartile 4vquartile 1 aOR 1.62, 95% CI 1.08-2.45). Compared witkedow
guartileDNR rate hospitals, higist quartileDNR rate hospitalbad shortet. OS [15% relative
reduction in LOS (95% CI 7, 23%)].
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Sengitivity analyses

Sensitivity analyses evaluatidgcedentsvith DNR orders showed similar results as primary
analyses, with lower utilization of mechanical ventilation (aOR 0.69, 95% CI 0.53-0.90) and
hemodialysis (0.52, 95% CI 0.33-0.81), and similar rates of CPR (aOR 0.83, 95% CI 0.54-1.30)
and CVL (a@R.1.00 95% CI 0.85-1.49) in higheNR ratequartilehospitals. Exclusion of

patients with rehabilitation diagnosis codes, transfers in or transfers out to other acute care
hospitals Supplemental Digital Content Table 7) or restriction to patients aged 80 years or

older Supplemental Digital Content Table 8) also did not substantively change results.

Discussion

We exploredrariationamong hospitals in invasive and organ supportive interventions (e.g.,
mechanical ventilation during acute respiratory failpreyided topatients with early DNR
orders. Rates of invasive and organ supportive therapiesg patients with DNR ordevaried
greatly between hospitals. Hospitals with high DNR rates tended fewseorgan support
therapies and'more palliative care for patients with DNR orders, but osgaof support
interventions=did not markedly differ by hospital DNR rates among patients withdtdbdérs.
For example, gheoreticalpatientwith acuterespiratory failuravithout a DNR order would be
equally likely'to'receive mechanical ventilation at a high or low DNR rate hodpitad, patient
with a DNR order would beearlyhalf as likely to receive mechanical ventilation depending on
the DNR rate. of the hospital to which they were admitted. Our findinggest that patients with
DNR orders may have considerably different experiences depending upon the hospital to which
they are admittedwith ramifications for the reportingf hospital practices arouwdshes for

life-sustaining treatmentsjeasuremerdf practice variation and hospital quality.

Few prior studies have examined associations between DNR orders earlydordeeaf
hospitalization and resource utilizati@imilar to our findingsHart et alidentifiedwide
variation intreatment limitations amontB405patientswith pre-existing DNR orders admitted
to intensive care unitsicluded in the Project Impact datab@ldart et al. 2015and observed

thata large proportion (23%) of patients wihders for treatment limitatioalsoreceived CPR
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Potential explanations of high#ranexpectedCPR rates among patients with DNR orders
includea clinician ignoring or patient/surrogate reversal of DNR orders, CPR perfornoedgor
DNR decisions, or higher rates of misclassification for CPR than @ie®-CM procedure
codes. Our findings among hospitalized patievite acute organ failuresxtend those of Hart et
al., using patients without DNR orders as a controb&iweenrhospital variation in casaix,
eliminating,selection bias that may be due to hospital variatiori@nsive careinit admission
among patients'with DNR orders, and examining use of palliative care. Our findirggedliff
from Hemphill'et al (Hemphill et al. 2004)who showed that high hospital DNR rates among
patients with intracerebral hemorrhage were associated with a general ‘nssaggapproach’
regardlesssofindividual patient DNR statRather than a general ‘nonaggressive approach’ at
higher DNRrate hospts, measured indices of ‘aggressiveness’ were sirfolagreateramong
patients without DNR ordei® hospitals with highDNR rates.

Importantly, we found that hospitals with higher DNR rates tended to use a less invasive, more
palliative approaclamoryg patients with DNR orderd he observation that utilization of organ-
supportive interventionwas lowerfor patients with DNR orders at high DNR rate hospites
contrary,to,ourhypothesis that higher DNR rate hospitals would tend to use DNR orters wit
less extensivelimitations on caiféhis makes it unlikely that previoustiesribedinverse
associations'betwedrospital DNR rates anubspital mortality among patients with DNR orders
(Tabak et al. 2005re explained bygreatemillingness to use invasive therapies to ‘rescue’
patients withpre-existingDNR orders (a., a patient with respiratory failure requiring

mechanical ventilation) at higher DNR rate hospitals.

Based on/our findings showing minimal variation between hospitals in use of CPR among
patients with DNR orders, as well as similar odds of receiving CPR for cardiac arrest regardless
of underlying hospital DNR rate, the stastdefinition of DNR (“no CPR”) did not substantially

vary between hospitals. However, orgaplacement therapid¢isat may not fall under ‘strict’
definitions.effDNRsuch as mechanical ventilatiore(, ‘Do Not Intubate’ orders) and dialysis

were less likely to be used among DNR patients at hospitals with higheofr&@BR orders.

Further, when compared to hospitals with low DNR rates, hospitals with high DééRused

fewer central venous catheters and less mechanical ventilation among patients with DNR orders

than patients without DNR orders. Our findings arececoadance with @vious survegtudies
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that demonstrated potentiallyide physicianlevel variation in application obDNR

orders.(Beach and Morrison 2002; Garland and Connors 2007; La Puma et al. 1988) However,
our results extend prior physicianrvey resultso reatworld practice, and suggdsiatthe scope

of interventions _provided to patients with DNR orders depends on the hospital to which they

wereadmitted

Fewerinvasive interventions among@fentswith DNR ordersat high DNR rate hospitals
potentially:signatlifferenthospital practices and local cultural nor(Bsrnato et al. 2007;

Barnato etsal. 2012; Cutler et al. 2015; Dzeng et al. 2015; Halpern et al. 2013) for discussing,
eliciting, and=documentingatient wishes regarding life sustiaig treatments. Lower

comorbidity and acute gan failure indicesbservedat high DNR rate hospitaldsosuggest

that hospitals.varn thethresholdsat whichinvasive interventionmay be limited Although we
were unable.to‘access details of physkpatient/surrogate discussions regarding decisions to
limit life support interventions angere unable to address the extent to which limits were based
upon patient-driven, physician-driven or shared decisiamgegbasedstudies showhat
healthcare utilization at the emd-life may be more strongly associated with local physician
practice style.than patient beli€BBarnato etll. 2007; Barnato et al. 2012; Cutler et al. 2015)
Our findings suggest that studies should continue to explore how interactions betiezgn pa
beliefs and"physician practice styles drive measuagidtion in hospital DNR rates and the
scope otherapes associated witbNR ordersFurther efforts tstandardize documentation and
increase the specificity @atientadvance directive@National POST may better align patient
wisheswith carereceived(Chen et al. 2014) potentially reducing the influence of individual

physician beliefs olocal hospital norms.

Becausevaridion in healthcare utilization vegpartly explained by variation in preferenfms
life-sustaining. treatmesgtour results support identification of patient wishes to withhold life
sustaining.therapiaa programs that seek to evalehealthcare qualityFor exampleaccurate
measurementand description of the variation in DNR gexbetween hospitals would produce
greater transparency in public reporting of hospital practices and potent@aiypaitients to
choose hospitals with practice patterns that @k with their beliefs. Although wide variation
in DNR rates an@®NR scope between hospitals complicates evaluation of healthcare
delivery,(Tabak et al. 2005; Walkey et al. 201®) lack of substantial differences in

This article is protected by copyright. All rights reserved



interventions used among patients without DNR orders supgicategies thaassess robustness
of quality rankingsafteradjusting foror excluding patients witearly DNR ordergCalifornia
Office of Statewide Health Plamg and DevelopmehtHowever, given that many patients with
DNR orders received organ supportive therapies — potentially indicating a coemnitriull
support short.of CPR — methods thatteraccount for variation in scope of DNR orders
between hespitals should be further developed to compare patient ou(vdatiesy et al.

2016).

Our study hapetential limitationsTheearly DNR variable of CA SIBhows ~85% accuracy
(Goldman etsal. 2013}jifferentialmisclassification of DNR orders may affect our findings.

DNR orders placed after the first day of hospitalization were unavailable in the CA SID dataset,
butare generally correlated with failure to respond to treatments, rather thexigineg wishes
regarding life.support and invasive treatmeMsurrie et al. 2002Because patients at high DNR
rate hospitals had shorter LOS, further studies seeking to explore differences in hospital
mortality among patients with DNR orders should explorel@pmortality rates or whether

patients with. DNR orders at high DNR rate hospitals are more likely to transfer to hospjce care
informationunavailable through the CA SIn addition,unmeasured differences in severity of
illnessmay potentially explainariationin invasive treatments based upon hospital DNR rates.
However, 'several lines of evidence argue against strong unmeasured confounding by severity of
iliness. First, our covariate adjustment produced models with high resolutiordictprg

mortality outcomes, reducing likelihood of confounding by severity of ill(®gxling et al.

2015) Second, our results were similar in analyses including only decedi¢imtgsely severe
illness(Fisher.et al. 2003; Wiener and Welch 2007) Third, we did not find lower utilization of
interventions.according to hospital DNR rates among patients without DNR orderth,F
within-hespitalranalyses that would better contooldifferences in case mix also showed greater
reduction inutilization of someinvasive procedures among patiewith DNR orders at high

DNR rate hospitals.

In conclusion; hospitalariation inthe scope oflecisions to limit life sustaining treatments
contributed to differences in healthcare utilizationspitals with higher DNR rateéended to
have broadernits onlife-support interventionand greater use of palliative cammong patients
with DNR orders than hospitals with low DNR rat@ariation in the scope of DNR orders
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between hospitals h&ssoadramifications from types otare delivered to patient® the need
for accurateeporting ofhealthcaralelivery to patients angolicymakersimproved &orts to
measureand report hospitadractices regarding decisionslitoit life-sustainingreatments are

warranted
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Figure Captions

Figures 1a and 1b. Association of hospital ratio of utilization between patients with and without DNR orders to hospital DINR rate

mechanical ventilation (1a@ndcentral venous catheters (1b)

Table 1. Interventionsfor patientswith and without early DNR orders
% given intervention
Patients with Patients with DNR vs. no DNR
| nter vention DNR Order No DNR Order Adjusted oddsratio (95% CI)
CPR, amongn-hospitalcardiac arres
32% 54% 0.39 (0.3045)
N= 8581
Invasive"mechanical ventilation,
amongracute respiratory failure 31% 46% 0.56 (0.53-0.61)
N= 162723
Hemodialysis, among acute renal
_ 4.3% 8.1% 0.57 (0.52-0.62)
failure N= 260768
Centralvenous catheter, among se
40% 49% 0.65 (0.61-0.70)
shock, N=.43927

Model adjusted for age, sex, race, payor, median income for residence zip code, comodeixljitacute organ failure index, hospital

urban/rural location, hospital control (eg., fiot-profit, for profit), hospital teaching status, and number of licensed hospital beds.
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Table 2. Patient and hospital characteristics by hospital do not resuscitate quartile

Quartile 1 Quartile2 Quartile3 Quartile4
<2.5% 2.5-6.2% 6.2-10.6% >10.6%

All Patients N=488,964 | N=643,369 | N=596,881 | N=491,569
Age 644+142| 655 £145| 67.5+145| 68.0+£145
Comorbidity Index 16,6 +229| 17.5+23.0 | 181+235| 18.3+235
Acute orgamfailure Index 0.88+222| 094%23 0.94+23 0.96 +2.2
Sex, female 52% 53% 54% 54%
Race, White 43% 54% 62% 71%
Insurance

Medicare 50% 52% 58% 60%

Medicaid 20% 16% 10% 7%

Private 18% 22% 20% 28%
Highest income quartile 11% 23% 24% 29%
Hospital Characteristics
Teaching+hespital 27% 32% 4% 7%
Not-for-profit 53% 56% 74% 88%
Urban 95% 95% 92% 89%
Licensed.Beds 373 +219 361 +172 316 +£135 | 274 +125
In-hospital Cardiac Arrest N=2083 N=2743 N=2403 N=1662
Age 70.0+134| 70.0x134 | 71.7+13.2| 71.7+13.7
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Comorbidity Index 435+29.8| 422+29.0 | 41.3+29.3| 39.2+285
Acute organ failure index 3.9+47 3.4+45 3.2+4.3 3.0+4.1
Acute respiratory failure N=31714 N=47539 N=45794 N=37704
Age 69.2+13.6| 694+139 | 71.1+134| 709+134
Comorbidity Index 38.3+289| 37.0+x27.7 | 364+27.8| 350277
Acute orgamfailure index 6.5%+4.2 6.5+4.2 6.3+3.9 6.3 3.8
Acuterenalfailure N=55041 N=79611 N=70367 N=55786
Age 70.6 +139| 725+ 134 | 726134 | 73.0 +134
Comorbidity Index 35.1+ 26.5| 364+ 266 | 36.3+26.7| 357 +26.7
Acute arganfailure index 40+ 3.6 39+ 35 3.9+35 40 £3.4
Septic shock N=9435 N=14078 N=11435 N=8981
Age 69.5+13.6| 69.6+135 | 71.0+134| 70.9+135
Comorbidity‘Index 49.3+294| 475+283 | 46.9+289 | 452+28.8
Acute organ failure index 8.6+5.2 8.7+5.1 8.4+5.0 8.3+4.8

Table 3. Interventionsfor patientsadmitted to high vs. low DNR rate hospitals according to patient DNR status

| nter vention

Comparison of oddsratios:
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Hospital DNR rate and
Adjusted Odds Ratio (95% CI) of Receiving Intervention, intervention,
Hospital DNR Rate Quartile 4 (high) vs. Quartile 1 (low) DNR vs. No DNR patients
Patients with Patients with P, interaction
DNR Order No DNR Order
CPR, amongn-hospitalcardiac arres 1.02 (0.58-1.81) 1.34 (0.92-1.96) 0.39
N=1374 N=7207
Invasive mechanical ventilation, 0.59 (0.45-0.76) 0.95 (0.78-1.16) <0.001
among acute respiratory failure N=24,609 N=130,134
Hemodialysis, among acute renal 0.58 (0.41-0.84) 0.86 (0.70-1.05) 0.003
failure N=33,100 N= 218,964
Central,venous catheter, among se 1.11 (0.78-1.58) 1.72 (1.27-2.32) <.0001
shock N= 7,496 N= 34,837

Model adjusted for age, sex, race, payor, median income for residence zip code, comodexljtacute organ failure index, hospital

urban/rural'location, hospital control (eg., ot-profit, for profit), hospital teaching status, and number of licensed hospital beds.
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