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Abstract

Adoption of Appropriate Use Criteria (AUC) has iatd a major impact on the frequency of “rarely
appropriate” tests, with the rarely appropriatasteate remaining at ~20% in most institutions. We
sought weather access to Hand-Held Ultrasound (Heétd)d be an alternative means of reducing
rarely appropriate requestd/e compared two approaches to rarely appropriateests; “standard
echocardiography” (SE) as requested (control) artUHas a gate keeper (HHU). Patients were
followed up for 6 months and assessed for endpointduding: time until scan, repeat
echocardiography/ cost of either strategy, new nmagthology and change in management. The most
common rarely appropriate requests in both group®assessment of infective endocarditis without
positive blood cultures and precordial murmur eatiin in absence of any other signs or symptoms
of cardiovascular disease. The groups had comigarade, gender, requesting physician, and
inpatient vs outpatient distribution. HHU led to58% reduction in rarely appropriate requests
requiring SE. HHU significantly reduced time to éan for inpatients (0 [IQR: 0,1] vs 2 days [IQR:
1,4], p<0.001) and total cost of echocardiograp$g00+86 vs 181+37, p<0.001). New major
pathology was identified in 29% and 23% of HHU &gl respectively. There was no difference with
respect to change in management. In conclusion, HHi be an effective gate-keeper to SE for
rarely appropriate echocardiograms, reducing tinechocardiography and cost while satisfying the
referring physician and avoiding repeat requestsSte. HHU provides a safety net which identifies

potential important findings in rarely appropriadguests.
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Introduction

The overutilization of echocardiography has besigaificant contributor to the 4-fold growth of
Medicare reimbursements to cardiologists betwe®® 2Md 2008. The Appropriate Use Criteria
(AUC) and other educational initiatives have beemponents of efforts to curb inappropriate“ise
Despite a decrease in reimbursements by 33% farcactiography between 2006-201there is
limited evidence to suggest there is a declindérate of inappropriate echocardiographndeed,
interventions targeting education and the use it order applications have been applied with
varying degrees of succes’s A problem with the AUC process is that restrigtif tests may be
contrary to the guidelin@sind risks missing important pathology. New, imaottiransthoracic
echocardiography (TTE) abnormalities have been dstrated in 17% of inappropriate studies
22% of rarely appropriate tests resulted in arvaathange in manageméhin the context of these
observations, it is difficult to enforce an ovetdng prohibition on rarely appropriate requests.
Although previously unconnected, hand-held ultragpaphy (HHU) has developed over a similar
timeline to the AUC. Validation studies againsistard TTE (SE), show high levels of agreement for
morphology, functional and valvular assessrfe@omparisons of HHU to physical examination
have demonstrated superiority of the former andat effectivenes$. We hypothesised that HHU
could be applied as a gatekeeper to SE for rapglyopriate examinations and that such a strategy
would: Reduce numbers of SE performed and cogttifgemportant pathology which would have
been missed if the rarely appropriate tests weaneatked and facilitate decision making and patient

management.
Methods

This was a case control study designed to compatdHbl based approach to rarely
appropriate tests to the current SE based systewad performed across 2 hospitals and included
both inpatients and outpatients. Rarely appropriatpiests were identified using the AU® the
clinical history was inadequate to ascertain appatgness, medical records were consulted. The
process of cancelling rarely appropriate requestst systematic, and is dependent on inpatient and

outpatient waiting lists. We performed HHU on respsenvhich were destined to be cancelled.



The study was performed between March 2015 and leee2015. All rarely appropriate
requests during this time period were assesseditpbility. Requests were excluded from analysis i
deemed appropriate following review of medical resoor if tests were mandated by guidelines.
Requests beyond the scope of HHU were also excluderesulting cohort of HHU cases was case
matched 2:1 to a cohort of rarely appropriate retguevhich had undergone SE between 2013 and

2015.

Eligible patients with rarely appropriate requestseived a cardiology consultation and
HHU examination performed by a cardiologist (Figdde If the consult suggested the request was
appropriate, then a SE was performed and thesenpsmtivere excluded. The study was approved by

the Tasmanian Human Research Ethics committee.

HHU was performed using the GE Vscan V1.2 hand hdddice (GE Health Care,
Milwaukee, WI). The HHU study protocol involved 2jpeyscale and color Doppler images across all
standard echocardiographic views (Figure 2). Lirigaarea measurements were made as appropriate.
Spectral Doppler data was not obtained as thiuufeas not available on the HHU. Severity of
disease was approximated using 2D signs of sev@ityleaflet excursion, chamber dilatation) and
size and duration of the color jet/ proximal comerce zone. All HHU examinations were limited to
<10 minutes’ duration. Results of the HHU study evesommunicated to the treating team,

documented in clinical notes or provided as a stegort for outpatients.

Eligible patients went on to have a formal SE ié tHHU suggested a full study was
warranted, if HHU was non-diagnostic, if there vaasy HHU abnormality in a patient without a

previous echocardiogram or any new changes inratigith a previous examination.

The HHU cohort was case-matched to a cohort oeptiwith rarely appropriate tests, who
underwent a SE. The SE examination was performe8 wachines: GE Vivid 9 (GE Health Care,
Milwaukee, WI), Phillips IE33 (Philips Medical Sgshs, Andover, Massachusetts) and Acuson
SC2000 (Siemens, Erlangen, Germany). All SE werdopwaed over 45- 60 minutes by an

experienced sonographer and interpreted by a dagiso



Patients in both HHU and SE arms were followed ap& months and evaluated for the
endpoints of: repeat TTE, cost of care, time tonsdength of stay (inpatients), new major TTE
abnormality/ incidental findings and change in ngemaent. The cost of additional scans was
incorporated into each arm. The cost of SE was $i2B8ccordance with standard reimburserfient
The cost of the hand-held device is $6000 USD urasyy a depreciation of $750/ year and its use in
100 rarely appropriate requests per year, the paisscan of the device would be $7.50 per rarely
appropriate scan. We added to this the cost ohgéoof images, 15 minutes’ time for cardiologist to
perform consultation, echocardiography and geneggtert to arrive at an estimate cost of $38 USD
per scan. This approach is consistent with prevattesnpts to itemise a cost for HHU accounting for

geographical variations (Table*1)****°

Major pathology was defined as: moderate or greater left venticdysfunction, valvular
regurgitation/ stenosis, pulmonary hypertensiorgstilic dysfunction), a regional wall motion
abnormality, right ventricular dysfunction and meate or greater pericardial effusion, thrombus or

vegetation.

Changes in manageméhivere characterized as: active change in carejdimgy medication
changes, subspecialty consultation, surgery orsimegprocedures, diagnostic testing, change in leve
of care, cancellation of initially planned proceglar intervention.

Continuation of care was defined as no escalatiaieeescalation of current care, following
direct communication about TTE results and docuatent by providers in the medical record.

No change in care was defined as; no change imkieor documentation of reassurance
about the findings after a TTE was performed, dogntation of the next step in management being in
place before the TTE result, or when results wereatcessed, acknowledged or noted in further
correspondence or discharge summaries.

The statistical analysis was performed using R ioers3.2.2 softwaré Baseline
characteristics and outcomes were compared foHHNd and SE groups. Categorical variables and
outcomes were compared using a chi-squared testartthuous variables using the Student’s t-test

with a p<0.05 considered statistically significant.



Results

A total of 872 echocardiography requests were aeddir appropriateness. Based on the
AUC, 93 (10.6%) requests were deemed inappropiiaiatine follow up of pulmonary hypertension
which is mandated by guidelines was responsibl&7oof these requests, which were then excluded.
Of the remaining 56 requests, 15 were excludedatueability to answer the clinical question with
HHU (3 requests), designation as appropriate @$tithowing cardiology consultation (2) and
inability to attend for echocardiography appointtn@®). The 41 remaining cases included in the

analysis were case matched 2: 1 with a retrospectitiort.

A total of 123 (41 HHU, 82 SE) patients in whomelgrappropriate tests were requested,
were included in this study. There were no sigaifitc differences in the clinical or the request
characteristics of the two groups (Table 2). A mdodjist was the requesting physician in 24% of the
HHU and 32% of SE examinations (p=0.53). The reingimequests in each arm were ordered by a
combination of medical and surgical physicians.g@Raappropriate endocarditis studies, routine heart
failure follow-up and evaluation of a precordial mmur or ventricular function in the absence of

cardiovascular signs and symptoms were the mostoommequests in both arms.

Table 3 outlines the result of all endpoints. Timetto scan and subsequent decision for
inpatients was significantly shorter in the HHU g@nvs 2 days, p<0.001). There was no significant
difference in relation to duration of inpatientysteetween HHU and SE (14 vs 9 days, p=0.35). There
was no significant difference between time to doaroutpatients between the HHU and SE (32 vs 35

days, p= 0.54).

As expected, many patients in the HHU arm (41%jireqd follow up SE study, which were
mandated due to results of HHU and our safety pobtfnew major pathology (12 cases), minor
pathology (3) and non-diagnostic HHU (2)]. In th& &rm, only 11% required follow-up
echocardiography, however 5 of these were due ‘o aimically appropriate indications over the

course of 6 months’ follow-up and these costs wetencluded into the SE costing assessment. The



mean cost of the HHU strategy was significantlys ldgan the SE arm ($109 vs 181 USD, p<0.001),

resulting in a saving of $72 per study.

During 6 months follow up of the 123 cases (HHU &) 31/123 (25%) of all rarely
appropriate requests had new major pathology. Tiwaeeno significant difference (p=0.15) between
HHU arm and the SE arm with respect to major patil Only 1 patient in the HHU arm and O

patients in the SE arm had a documented incidéntihg - a liver mass requiring abdominal US.

Of 123 requests which were deemed rarely apprepri&i% of results led to an active change
in management using either HHU or SE. Furthermdg# 6f results led to continuation of care. Thus
only 21% of investigations resulted in absolutatyamange in management. There were no significant

differences between the two groups with regarahsmge in management (p=0.27).
Discussion

The results of this study show that despite belagsified as rarely appropriate, 25% of total
requests had new major TTE abnormalities which dduhve been missed if these tests were
cancelled. The use of HHU to screen rarely appabpriequests led to a 59% reduction in SE studies,
without any compromise in outcomes related to mamant. To our knowledge this is the first study
which specifically provides an alternative imagisigategy to the performance or cancellation of

rarely appropriate tests.

The current rate of “rarely appropriate” echocagdiphy remains at 10-2096° Various
strategies have been proposed to enforce the Andljding education and point of order radiology
benefit management softwaf® Ongoing rarely appropriate requests reflect thecern that these
echocardiograms may still be clinically useful amfluence management'®*A HHU based
approach would enable application of the AUC anduce the performance of inappropriate
echocardiograms whilst simultaneously creatingfatganet to identify important findings. Indeed, a

HHU-backed approach to the AUC was a cost-saviragegyy, with a saving of $72 per study.

All inpatient referrals were non-cardiology admiss and the longer duration of stay was

unexpectedly higher than the expected 4 day leodthtay ?°. The use of a HHU strategy in



inpatients did not influence length of stay, refileg the complex patient phenotype where duration o

stay is related to clinical factors.

Although not specifically devoted to use of HHUrarely appropriate tests, previous work
supports the use of HHU in common situations assediwith rarely appropriate tests. In a study of
HHU and repeat TTE in 105 adult patients undergdailpw-up echocardiography, HHU showed
good to excellent correlation with TTEIn addition, a HHU protocol could save betweet-$4 per
study. Twelve percent of these patients were deearedly appropriate, but a subgroup analysis was

not performed.

Our study was not a direct comparison of HHU vs &ff cannot address the question of
echocardiographic false negative scans, althouglvdhdation of HHU has been previously explored
in great detaif>*. A consensus statement published by the Americaiey of Echocardiography
found that LV enlargement, LV hypertrophy, LV sygtdunction, LA enlargement, RV enlargement,

RV systolic function, pericardial effusion and \é&ze have all been accurately deteéfed

This is a case control study; despite the patienb®th arms being well matched, the lack of
a randomised controlled trial may have resultegatential selection bias. A randomized study should
be considered, with head-to-head comparison of HMth SE. From a practical standpoint, a
cardiologist may not always be able to provide asattation. Finally, the categorisation of “change
in management” is a difficult task. In using théesia proposed by Matuleviscius et al we recognise
the limitations of relying on medical documentatamd correspondence to differentiate between “No

change in Management” and “Continuation of Care”.
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Figure Legends
Figure 1 Study Design

AUC= Appropriate Use Criteria, RA= Rarely Appropdga SE= Standard Echocardiographic

examination

Figure 2 HHU Protocol

1,2) Parasternal long and short axis views inclydinort axis sweep for left ventricular functiordan
regional wall motion assessment. 3,4,5) Apical @eag illustrated and 5 chamber for aortic valve
assessment. 6) Subcostal- long axis and inferioa vava views 7) Aortic Arch view. Color Doppler

applied to all views



Tablel.

Cost benefit studies of hand held ultrasonography vs standard echocardiography.?

Author Year Country Device HHU Operator Total HHU Cost Total StdE Cost
Cost Cost (Devicet+Operator)
Vourvouri 2003 Netherlands SonoHeart $5 $116° $121 $213
Greaves 2005 UK OptiGo NR NR $3 $128
Galasko 2006 UK OptiGo NR NR $65- $50 $258
Trambaiolo 2007 Italy OptiGo $14 $26 $40 $122
Giangtefani 2013 UK V Scan $1 $33° $34 $137
Kitada 2013 Japan V Scan $2 NR $2 $88
Khan 2014 USA V Scan NR NR NR $800
Mehta 2014 USA VScan $8 $11 $19 $1511°
Kini 2015 USA VScan $9 $0- 23 $9- 32 $73
Pathan 2016 Australia  VScan $8 $30 $38 $173

NR= Not Reported

a.) All costs converted to US dollars based on conversion rate at time of publication, b.)
Including Cardiology Consult, c.) £25 + 8 (Operator + Hospital costs), d.) $162
(Professional charge) + $1349 (Facility charge)



Table 2.
Patient and Request Characteristics at Baseline

Patient Characteristics HHU (n=41) SE (n=82) p

Age (median [IQR]) (years) 62 [52, 73] 61 [48, 72] 0.60
Male 23 (56%) 40 (49%) 0.57
Hypertension 21 (51%) 38 (46%) 0.75
Diabetes mellitus 6 (15%) 11 (13%) 1.00
Valvular heart disease 6 (15%) 15 (18%) 0.80
Atrial fibrillation 4 (10%) 12 (15%) 0.58
Ischemic heart disease 12 (29%) 15 (18%) 0.25
Heart failure 7 (17%) 12 (15%) 0.93
Lung disease 4 (10%) 14 (17%) 0.42
Renal disease 4 (10%) 8 (10%) 1.00
Liver disease 2 (5%) 10 (12%) 0.33
Systemic disease 4 (10%) 8 (10%) 1.00
Requested by Cardiologist 10 (24%) 26 (32%) 0.53
Setting Ambulatory care/Outpatient 20 (49%) 48 (58%) 0.41

IQR=interquartile range, HHU= Hand held Ultrasound (Echocardiography), SE= Standard

transthoracic echocardiography



Table 3.

Endpoints

Endpoints HHU (n=41) SE (n=82) p
Time to scan days Inpatients, (median [IQR]) 010, 1] 2[1, 4] <0.001
LOS days Inpatients, (median [IQR]) 1417, 28] 915, 21] 0.35
Time to scan days Outpatients, (median [IQR]) 31 [31, 32] 35[21, 108] 0.54
Follow up SE within 6 months n (%) 17 (41%) 9 (11%) <0.001
Average cost USD, (mean (sd)) 109 (86) 181 (37) <0.001
New Major Pathology 12 (29%) 19 (23%) 0.15
Change in management 0.27
No Change 8 (19%) 18 (22%)

Continuation of Care 24 (58%) 55 (67%)

Active change in management 9 (22%) 9 (11%) 0.18
Change in Management or Continuation of 33 (80%) 64 (78%) 0.94

Care

USD= US Dollar (Costs were calculated in Australian dollars and converted to US dollars. 1

Australian dollar=0.75 USD), HHU= Hand Held Ultrasound, IQR= interquartile range, LOS= length
of stay, sd= Standard Deviation, SE= Standard transthoracic echocardiography



RA

request

identified

using AUC

Review Exclude and perform StdE if:

Clinical » Request appropriate as per AUC/ Mandated by guidelines
history Unable to answer clinical question via HHU

Perform HHU . ngEnew pathology or Non Mormal Scan then Perform

Follow up (6 months) and compare with RA Scans which underwent StdE
Endpoints:

1.) Need for followup StdE

2.) Cost of HHU vs StdE pathway

3.) Duration to Scan

4.} Length of Stay (Inpatients)

5.) New Major Pathology

5.) Change in Management







