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Objectives: Poorly controlled hypertensiqiTN) is extremely prevalergnd if left
uncheckedsubclinical hypertensive heart disease (SHHDQy ensudeading to
conditionssuch aseart failurg(HF). To address thisye designed enultidisciplinary
program to detect and treat SHHDaihigh-risk, predominantly African American
community:The primary objective of this study wasléberminethecost effectiveness

of our progam

Methods: Study costassociated with identifying and treating patients with SHi+De
calculatecand asensitivity analysis was performed compatiing effect offour
parametersn cost estimates. These inclugedvalence of disease, effectiveneks o
treatmen{regression of SHHD, reversal of left ventricular hypertrofh’H] , or blood
pressurgBP] control as separate measures), echocardiogosts andparticipant
time/travelcostsThe parent studyor this analysis was singlecenter, randomed
controlled-trialcomparingcardiac effects of standaahd intense (<120/8dm Hg) BP
goals at 1 year in patients with uncontrolld@N and SHHD A total of 149 patients
(94% African Americanyvere enrolled, 133 (89%) h&HHD, 123(93%) of whomwere
randomizedyith 88 (72%) compleing the studyPatients were clinically evaluatedd
medically.managedver the course of ongarwith repeated echocardiogran@osts of
theseinterventions were analyzed aridllowing standard practices, a cost per duali
adjustedslifesyeafQALY) less thar$50,000 was defined as cost effective.

Results: Total costsestimates for thprogram ranged from $117,044 to $119,319. Cost
per QALY was dependent on SHHD prevalence and the measure of effectibehess
input . asts. Cost effectivenesxst peQALY less than $50,000) was achieved when
SHHD'prevalence exceeddd.1% for regression of SHHD, 46/for reversabf LVH,

and 2.9%for achievement of BP control.
Conclusions: In this cohort oforedominantlhyAfrican Americanpatients with

uncontrolled HTNSHHD prevalenceavas high and screening with treatment was cost

effectiveacross a range of assumptions. These slajgesthat multidisciplinary
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89 programssuch as this can becasteffective mechanisrto mitigate thecardiovascular
90 consequencesf HTN in ED patients with uncontrolled BP.
91 INTRODUCTION
92 Poorly controlled hypertension (HTN) is extremely prevalent in the'¥).&ith a
93 dispropertionally high disease burden existing among Afrisarericans puttingthem at
94  greaterrisk forpoor cardiovascular outcomes such as stroke, myocardial infarction,
95  chronic kidneydisease, and heart failured** Recommendations for therapy are well
96 defined.by,the International Society of Hypertension in Blacks (ISEE)d in the
97  recentJoint National Committee reportstfiN.>*** However, due to factors that are
98 difficultto overcomgtherapeutic inertia, poor adherence to therapy, sembmomic
99 barriers and patient understanding of disease statkieving blood pressure (BP) control
100  remains a challeng&™*>#
101 Forpatients with chronic but uncontrolled HTNydiac remodeling is a near
102 universalprocess that is associated with increased cardiovascular risk as it progresses.
103  Despite thisunderlying heart disease (HD) is typicafigt detected (or even screened
104  for) until advanced remodelirig present and syrtpms manifesi**?#%*, leaving
105 clinicianswith Bweroptions to prevent adverse evetarly identificationof subclinical
106  hypertensive headiseas¢ SHHD) and appropriate controf BP have become important
107  stepsin secondary cardiovascular disease prevention (espeaiatiF) 12>2%, Although
108 some pereeivéehat screening of asymptomatic patigmtsvides no longerm benefit to
109  morbidity *®*%!, compelling arguments have been made for the utility of screening
110 activitiesin communities that are predominately urban, Afrigamerican, and where
111 limitations to healtbare access promgteavy reliancen the emergencyepartment
112  (ED).for.primary care'***% Increasing prevalence of the target condition is often tied to
113  costeffectiveness of such approaches and, in the case of Sh#tslirect implications
114 for intensification ofantihypertensive therapy’
115
116  The development gireventable secondary complicatiaisSHHD lead to substantial
117  increases in morbidity, mortality and health care c35tultiple studies have
118 demonstrated that uncontrolled HTN is a significant risk factothfe progression of

119  SHHD and the onset of chronit¢F and other clinically overt conditions’** Given the
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120 disproportionate burden of hypertensive heart disease in ukbiaman American

121  populations,tie primary objective of this study was to assess the cost effectiveness of a
122  multidisciplinaryscreening program designed to identify and treat SHHD aifibng
123  patients with elevated BP.

124

125 METHODS

126  Study Design and Setting

127 This costeffectiveness analysis was an a priori aim included as part of a grant
128 fundedprospective, randomized controlled clinical t{idICT00689819designed to
129  compare the effects of two BP targ@tentrol,BP <140/90 mm Hg [<130/80 mtrg if
130 diabetes or chronic kidney disease was present] and intervention, which had a singular
131 targetof <120/80 mmHg) onreverse remodeling for patients wiBiHHD. Details of tle
132  study design, including SHHD deterrationand regression, have been previously
133  published®=A convenience sample of patients who presented to a siegierED

134 located in DetroitMichigan, where the population is 83% AfricAmericanwas

135 enrolled between November 2008 axutil 2010. Enrolled patients were evaluatatl
136  threemonth.intervals over the course of one year in a single HTN clinic. Care was
137  delivered.by.a multidisciplinary team includiag ED physician, a HTN specialist

138 experienced with HTN in our patient population, a physisiassistant (PAj nurse
139  practitioner(NP)research assistantandclinic office staft All carerelated experes,
140 including transportation, telephone reminders, medications, and tests wedegrioge
141 of chargeto all the participants. The institutiorliew board approved this study and
142  all subjectgrovided written informed consent.

143

144  Selection'of Participants

145 Study participants were recruited from a tertiary, academic medical cdfiier's
146  whichstreats over 90,000 patients each y&arer al7 month period, individual85

147  years of age and older who presented waithnitial BP >140/90mm Hgwere identified
148  using thefacility’s electronic medical record (FirstNet Berner Corp.; Kansas City,
149  MO). For inclusion, patient&ere required thhave a repeat BP > 140/90 mm Hg, and
150 have normal exertional tolerance (defined as class 1 on Goldman SpecifityActivi
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Scalg. Those with acute illness requiring hospitalization, history of previously diagnosed
coronary artery disease dF, presenting symptoms (i.e. dyspnea, chest pain) potentially
attributable to hypertensive heart disease, and those being actively followed and/or
treated by PCWere excluded™**%* Patients who met these criteria were brought back
for a follow=up screening echocardiogram in our outpatient HTN clinic.

Inrtotaly=160 individualsnet initial inclusion criteria, 149 of whom returned for a
subseguent screening echocardiogr#tt.echocardiogramaere performed and
detailed. history obtained for screened participants within one weepgaditipantswvith
SHHD, defined by presenc# left ventricular (LV) hypertrophy (LV mass48 g/m?’in
males 045 g/m>’in females), LV systolic dysfunction (ejection fraction < 50%), or
diastolic dysfunction (combination of parameters based on validated anitéNa
stiffness and relaxation) werandomized into eitherontrol or intensive therapy arrfis.

Study Procedures

Randomized participants were seen at baseline (initia) aisit 3, 6, 9, and 12-
month intervalsA standard BP measurement protocol was utilized. A trained research
assistant;using appropriately sizestillometric brachial cuff, performed thrB@
measureents with the patient in a seating position and their arms resting comfortably at
heart level. The average reading of the threeasurements was used to determine the BP
readingrecorded for thaticic visit. A multidisciplinary group of PAs and NPs then
titrated antinypertensive therapg neededaccording to study growgssignmentDuring
each clinic visitparticipantswvere educated abotite importance afnedication
adherencandall received ¢lephone reminders for pending follow up appointments.
Additionally; to help enare compliance, all medication costs wpaad for using study
funds."Echacardiogramall interpreted by a single boacértified cardiologist blinded to
patientiinformation ad study groupwere repeated at the -h2onth visit. SHHD
regression was the absence of LVH awgsiolic or diastolic dysfunction on repeat
imaging.Because LVH is such an important consequence of BiidNcontributor to
important outcomes such as HF developmemstalso evaluated reversal of LVH (i.e.,

LV mass below threshold cpbints) as a separate outcome measure.
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182 Cost Analysis

183 Total costs of the prograiable 1)werecalculated by adding the cost of

184 medicatios (based on purchase price from oumpatientpharmacy) laboratory tests

185 (based.on hospital research pricingl)nic activities(based on proportionapace and

186 personnetosty, echocardiograms (based echocardiographic technician timand

187  participanttimesand travelTime andtravelcosts were obtained through a survey and
188 mean values of respondents were used to estintmteeacase valud $22.72 +/- $14.36
189  per personWhen data were missingalues for time and travel costs were imputed three
190 different. ways, separated by participants who did and did not complete theastueyo
191 (i.e., assumption of no cosgsthe cohort median, arab thecohort mean. Based on this,
192 low, median, and high total costs were estimated.

193 To evaluate cost effectivenesssts peguality-adjusted lifeyear(QALY) were

194 calculated=This approachwsdely accepte@nd QALY's have long been used to guide
195 healthcaresresource allocatidfiA thresholdcostof $50,000 per QALYs the traditional
196 benchmarkfor determining the value of care. Theref@iies at or below this were

197  adopted in our studgs the measure of cesftfectiveness*** The cost per QAL Yvas

198 modeled*by.the followingnathematical equatiomvhere 0.87 and 0.7dre used as

199  standarditility valued” assigned to patientsrfavhom chronic HRthe most likely

200 adverse consequence of untreated SHW®&)Id or would not be prevented by treatment,
201  respeciively

Cost [ Total cost
QALY (% if effective » expected life span  probability of effectiveness)
+
QALY . . . 1 : .
202 ( o if not effective * expected life span * probability of not being effective)
203
. Total cost

204 7 (0.87 = 20 (% effective)) + (0.71 = 20 (1 — % effective))
205 We'based the probability of treatment effectivenesgrementing HF usinghree

206 measuresregression of SHHD, reversal of LVH, and achievement of BP coRtrol.
207  purposes of this analysis, achievement of BP control was based on study randomization
208  group targets rather than a singular BP goal. We varied the probability of sutcessf
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209 outcome for each of thes#100%,50%, and 25% for the low, median and high end of

210 the calculated program codtable2) then calculated the cost per case prevented, cost per
211 QALY whereHF would have been prevented and cost per QAthéreHF would have

212 developed. The variance levels for proltiies were selected to impart large, medium,

213 and small'impacts on the outcomes of interest.

214 Sensitivity analyss werethen performedor each of our three treatment

215 effectivenessneasures;omparingthe effect ofdiseaserevalenceechocardiogram

216 coss, and ime/travel coston cost per QALYusinga base casthatincluded the

217  prevalenceof SHHD in our population, the proportion achieving the desired treatment
218 effect for @ach measure, and a projected treateféstdtivenes®f 100% forSHHD and

219  LVH regression, and 50% for BP contrtMedicare reimbursement rates were used to

220 calculateadjusted total costs as influenceddmangingechocardiogramsosts, based on

221 CPT coede"93306 using national average global payments for 2013, and 2015, along with
222  proposeduture rategTable 3)* Tornado plotsvere constructedepresenting the

223 impactofthese predefined parametersthe overallcost peiQALY .

224

225

226 RESULIS

227 Of the149subijects enrolled,3B (89.30) had SHHD 123 (control n=65,

228 interventionsn=58yvererandomized, and 88 (control n=45, intervention n=43) completed
229 the entire study protocol. The study population was mostlylee(68%),andAfrican-

230 American (95%), with anean age was 4@&ars of ageThe majority of patients (82.9%)
231 hadbeenpreviously diagnosedith HTN, only 28 (23%)f whomwereon prescribed
232  medicatiomat baselineand hadtarried the diagnosi®n average, treated for 8.8 (SD =
233  8.6) years:“At initial screening the ED patients had an averagygstolicBP (SD) of

234 182.5 (23:3mm Hgand an average diastoB (SD) of 104.8 (12.3)nm Hg At

235 randemization following the screening echocardiograverage systic BP (SD) was

236  151.2 (24.7)mm Hgand averagdiastolicBP was97.2mm Hg(15.8). Of the 88 patients
237  that completed therapy, 10 @) achieved SHHD regression, 20 ¢@Bexperienced

238 reversal ol.VH, and 31 (35%6) achieved BP control according to study specified goals.
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239 Total estimatedcoss of the program (Table 1) ranged from $117,044 to

240  $119,319As shown in Table 2, the program was cost effective (cost per QALY <

241  $50,000) undeall circumstances, except when the projected effectiveness of SHHD
242  regressiomwas < 25%Table3). That is to say, our approach would bsteffective if

243  the patient'haa 25%or greateprobability of preventing HF with any of our treatment
244  effectivenesssmeasures (SHHD regression, LVH regression or BP control), across a range
245  of cost.assumptionshe cost per QALY for all threteeatment effectiveness measures
246  was consistentlpelow the $50,000 mark when assessing cost per case prevented and
247  cost per.case whekF would have been prevented.

248  Sensitivity analyss demonstrated that feeach of the thremeasureable treatment

249 effects only prevalence ddHHD moves the overall cost per QALY above the $50,000
250  mark. Specifically, overatost per QALYexceede®50,000 only aprevalence rates

251  below 21=®6for SHHD regressio.®o for LVH reversal and 2.9% for BP control

252  (Figure):

253
254  DISCUSSION
255 Inethis study of hypertensive ED patients, we found that a multidisciplinary

256  program.focused on detection and treatmentHiS wascost effective across a range
257  of costassumptionsThis is importat becaus&SHHD is ameaningful pointvhere

258  interventionscarpreventpotential lifethreateningconditions**** However, for many
259  with HTN, especially African Americans underserved communitidseartdiseasewill
260 not bedetected until advanced stagi®jting options for secondary or even tertiary
261  prevention?*?*While no one would sugest that ED physicians assuprémary

262  responsibility for the management of SHHD, in settisigslar to oursvhere SHHD is
263 likely to"be"prevalentt is reasonabléor the EDto play an activerole in screeningand
264  referral™This processould include no more thaP readings and referral forf@low
265  up eehocardiogram. Blood pressure readings are a routine measure taken asait of a
266  patient visittiand do not add to the total cost of care. Althoubbaardiograms are

267  relatively expensive, not readily availablenmanyEDs, and requirdasof now)a

268 dedicated technician and physician to read the reshiétg are super to

269 electrocardiograms when assesg$omgSHHD. *°
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Whetheractual prevalence of diseaseother communities will approach what we
found in this study (89.3%3% unclear.Levy et al previously showed that withirsianilar
population — underserved African American, hypertenEDepatients-the prevalence of
underlyingSHHD is close to 90%" The pevalence of SHHD in othgratient
populationsawith HTN has not been well describbgtbwever, existingtudies suggest it
broadlyranges=betweed.9 to 50%>**"*1 Given thathe highestalculated
prevalence ratethencost perfQALY exceed the $50,000 mark in our dasa~11%, it is
likely thata,similar program would remain cost effectime¢hie majority ofother
locations.ILiS important to note that for many disease states, the cost effectiveness of
screening is mutually exclusive from that of treatment. However, for the msrpbsur
study, no distinction was made between the cost of screening and the cost of trestment
we sought to evaluate a program aimed at reducing the consequences of SHHD on an at
risk population — a process that involves both detection and on-going management.
that endywe chose preventionHff as thedesiredend-point otreatmentand constructed
our costeffectivenessnodels usingdF as the outcome of intere®¥e did so because, of
all the consequences associated with SHHD, HF is the most tightly linkedl anerane
that dispreportionately affects Afian Americans? Moreover, prevention of HF through
more'comprehensive upstream screefdm@HHD and interventionvhen present has
become an area of increasingghasis>?

Based on our sensitivity analysis, the true edfetiveness of our approach to
diagnasis and treatment of SHHD likely sits between $20,000 and $30,000 peayear —
figure that'is similar to recently published data by Moise #tatlfound more intensive
BP control to be cost effective at <$50,000 per QALY for management of HTN,
particularly.in patients with cardiovascular disease, chronic kidney diseasel@mydar
CVD risk>15%.* In a recent perspective piece, Neumann et al. argue that the $50,000
per QALY-measure may indeed be too [BvAs part of their analysis, they loetat
costeffectiveness thresholds referenced by authors from-2090. A majority of the
studies reference $50,000 as the most widely used bencfinankith $100,000 being
the second most popular value. Braithwaite et al further suggest that a range between
$95,000 and $264,000 per life-year saved should be considered when evaluating impact
of care® In a study conducted by Shiroiwa et al, willingness tofpagne additional
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QALY was measured to be $62,000Ithough the usefulness of the $50,000 benchmark
has been questioned, and many other benchmarks have been proposed, the fact remains
that no one measure is appropriate in all decision cortewts. chose to adopt the

$50,000 benchmark for our study becawsdghought it to be consistent with the

economic reality of our study demographic. Using higher thresholds would only provide
further-evidence to suppddhe cost effectiveness ofirapproach, as there were few
scenarios whersensitivity analysis exceeded the $50,000 mark, and none that were
greater than $62,000.

Rroblems with therapeutic inertia, poor adherence, ssmmaomic challenges
self-cafe andlow diseasespecific knowledge are known to effect HTN controt'>2,
Accordingly, throughout the study, participants periodically filled out questionnaires
aimed atccurately gauging, among other thingggir time and travel costs analyzing
responsesya majoritgdicateddistanceto-travel b receive care a importantfactor in
their adherence and follow-ups travel didnot affect cost effectiveness our study
paying forthis and other potential barriersftlow up for chronic HTNas part of a
broad risk reduction program might easonable to consider

LIMITATIONS

Several limitations to our study exi3this was a single centaral with a limited
numberofisubjects, over a relatively short time perod, tis did not allow us to study
cardioyascular outcomes over a longerigd of time. The patient population was
predominantly lonincome and African Americawith poor access to primary medical
care making our results more difficult to apply across different demographic populations
However, this is a representative sanfpden a high risk, underserved and
underrepresented population. Aas been establishedeviously prevalence of
cardiovasculadisease igxceedinglyhigh within thisdemographic an8HHD isthe
only factor that determines the cost effectiveness of eatrtrent model, suggesting that
our data are; at the least, applicable to similar-ngihpopulations. This study also had a
high dropout rate in both control and intervention groups (28% and 24%; respectively)
which was not unexpected considering the study population and how thieste at-

communities typically interact with the health system.
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Another limitationis thatthe design of our mathematical model to determine
QALY did not assigmazard ratios to measure regression vemsugegression of end
stage diseasé/Ne believe that thigould have led to a more accurate assessment of HF
progressiony Additionallythe increased castissociated witteveloping HF i.e.
hospitalizations, interventions, loss of productivity, etc. — were not added to theorquati
exceptforinithe adopted utility factors. It can be argued that by not inclsdamglata,
the development of HF has little impact on the cost effectiveness of our program.
However, webelieve that addressing specific outcomes is not essenballding a
strong‘argument for intervention. Many differanlverse consequencae® expected as a
result of uncontrolled HTN and utility measures adopted are the most productive way to
represent the broad nature of possible outcomes. Finally, we akgighenelife-year
gained, which may be undezpresenting the actual benefits of disease regression.
Howeverphadve used a lengthier timmeasure, our results would have only been
furthervalidated.

Finally, this is a coseffectiveness study, rather than one that measures (patient
specific) willingness to pay for treatment. Such an investigation was beyonafseasc

this study=bumay merit future research.

CONCLUSIONS

Qur-approacto screerfor and treat SHHD among urban ED patieniih
elevaed BP proved to beost effective across a range of ¢asid treatment effectiveness
assumptions. fie prevalence of SHHD wasrticularly highin our predominantly
African. Americancohort, many of whom utilize the Ebr primary caresuggestinghat
multidisciplinary prograradesignedo prevent cardiovascular complications of HTN

could be"beneficiah similar communities.
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523

524  Table 1, Total costof program with imputed values for missing values of time and

525 travel costs

Completed Study Drop-out
Item Group Group Total
n=88 n=45
Medicatiors $43,778
Lab Tests $5,408 $3,749 $9,158
Echocardiogram $29,517
Clinic $32:380
Zero $736 $0 $736
Time Median $1,448 $891 $2,339
Mean $1,476 $1,157 $2,633
Zero $1,159 $317 $1,476
Travel Median $1,159 $581 $1,740
Mean $1,159 $695 $1,854
Low $7,303 $4,066 $117,044
Total Median $8,015 $5,221 $118,912
High $8,044 $5,600 $119,319
526
527

528 Table 2. Program cosestimats based on projectatisease pbability of outcome.
529 Cost per case prevented, cost per QAkiereHF would have been preventeahd cost

530 per QALY whereHF would hae developedvere estimated using variousopability of
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531  successful outcomed@0%, 50%25%) for the low, median and high end of the
532  calculated program cost.
533
M easur e of
Treatment Program Cost Estimates and Projected Treatment Effectiveness
Effectiveness
Low Median High
$117,044 $118,912 $119,319
100% 50% 25% 100% 50% 25% 100% 50% 25%
Cost per Blood Pressure
$3,259 $6,519  $13,038 $3,320 $6,639  $13,279 $3,333 $6,666  $13,331
case Control
prevented
SHHD Regression ~ $10,104 $20,209 $40,418 $10,291 $20,582 $41,165 $10,332 $20,664 $41,238
LVH Regression $5,052 $10,104 $23,409 $5,146  $10,291 $23,782 $5,166 $10,332 $23,864
Cost per
Blood Pressure
QALY-HF Contol $3,747 $7,493  $14,986 $3,816 $7,632  $15,236 $3,831 $7,662  $15,324
onto
Prevented
SHHD Regressior  $11,614 $23,228 $46,457 $11,829 $23,658 $47,316 $11,876 $23,751 $47,503
LVH Regression $5,807 $11,614 $26,907 $5,914 $11,829 $27,336 $5,938 $11,876 $27,430
Cost per
Blood Pressure
QALY-HF Control $4,591 $9,182 $18,363 $4,676  $9,351 $18,703 $4,694  $9,388 $18,777
ontro
Developed
SHHD Regressior  $14,232 $28,463 $56,926 $14,495 $28,989 $57,978 $14,552 $29,104  $58,208
LVH Regression $7,116 $14,232 $32,970 $7,249  $14,495 $33,496 $7,276  $14,552 $33,611
534
535
536
537
538 Table 3. Adjusted total costs based on variable echocardiogram costs.
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Adjusted costs
Echocardiogram cost at $268 at $173 at $229
(variable) (proposed) (2013) (2015)
Cost for 149 screened +
$63,516 $41,001 $54,273
88 completed therapy
Difference* $33,999 $11,484 $24,756
Low $151,043 $128,528 $141,800
Adjusted totals Median $152911 $130,396 $143,668
High $153318 $130,803 $144,075
* Difference = Cost forscreened + compledegherapy - $29,517(from Table 1)
539
540
541
542  Figurelegend
543
544

545  Figurel. Cost per QALY for people achieving BP control, reversal of LVH, and

546 regriession'of SHHD. Only prevalencéecreasethe cost per QALYbelow the $50K

547  mark, whieh occurs at a prevalence>@t9% for BP control, >4.7% for LVH regression,
548 and >11.1% for SHHD regression. Note: Travel cost data are hidden byetkis.Y-
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