Rutland Regional Medical Center
An Affiliate of Rutland Regional Health Services

160 Allen Street, Rutland, VT 05701 « www.rrmc.org ° 802.775.7111

May 17,2017

Ms. Donna Jerry

Health Policy Analyst
Green Mountain Care Board
89 Main Street

Montpelier, VT 05620-3101

Re:  RRMC CoN Application - Nuclear Medicine Camera Replacement
Docket No. GMCB-012-16con

Dear Donna:

Please find enclosed Rutland Regional Medical Center’s CoN application for
the replacement nuclear medicine camera.

Y,
Thomas W. Huebner

President and CEO

S

TWH/jsb
Enclosure

Cc:  Judi Fox, CFO
Jim Greenough, Sr. Director



In re:

Rutland Regional Medical Center
An Affiliate of Rutland Regional Health Services

160 Allen Street
Rutland, VT 05701

802.775.7111

Form A - Verification Form

STATE OF VERMONT
DEPARTMENT OF BANKING, INSURANCE,
SECURITIES AND HEALTH CARE ADMINISTRATION

Rutland Regional Medical Center
Docket No. GMCB-012-16con
Nuclear Medicine Camera Replacement

Exhibit A — Form of Verification Under Oath when filing a Certificate of Need Application.

Thomas W. Huebner, being duly sworn, states on oath as follows:

8

My name is Thomas W. Huebner. I am President and Chief Executive Officer of Rutland Regional
Medical Center. I have reviewed the attached letter and Nuclear Medicine Camera Replacement
Certificate of Need application dated May 17, 2017 from myself to Donna Jerry, Health Policy
Analyst.

Based on my personal knowledge, after diligent inquiry, the information contained in this
Certificate of Need application is true, accurate and complete, does not contain any untrue
statement of a material fact, and does not omit to state a material fact necessary to make the
statement made therein not misleading, except as specifically noted herein.

My personal knowledge of the truth, accuracy and completeness of the information contained in the
Certificate of Need application is based upon either my actual knowledge of the subject information
or, where identified below, upon information reasonably believed by me to be reliable and provided
to me by the individuals identified below who have certified that the information they have
provided is true, accurate and complete, does not contain any untrue statement of a material fact,
and does not omit to state a material fact necessary to make the statement made therein not
misleading.

I have evaluated, within the 12 months preceding the date of this affidavit, the policies and
procedures by which information has been provided by the certifying individuals identified below,
and [ have determined that such policies and procedures are effective in ensuring that all
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information submitted or used by Rutland Regional Medical Center in connection with the
Certificate of Need program is true, accurate, and complete. I have disclosed to the RRHS-RRMC
Board of Directors all significant deficiencies, of which I have personal knowledge after diligent
inquiry, in such policies and procedures, and I have disclosed to the RRHS-RRMC Board of
Directors any misrepresentation of facts, whether or not material, that involves management or any
other employee participating in providing information submitted or used by Rutland Regional
Medical Center in connection with the Certificate of Need program.

The following certifying individuals have provided information or documents to me in connection
with the letter, and each such individual has certified, based on his or her actual knowledge of the
subject information or, where specifically identified in such certification, based on information
reasonably believed by the certifying individual to be reliable, that the information or documents
they have provided are true, accurate and complete, do not contain any untrue statement of a
material fact, and do not omit to state a material fact necessary to make the statement made therein
not misleading:

(a) Judi Fox, Director of Finance
The information or documents provided by the certifying individual.
All financial related information.

Subject information of which the certifying individual has actual knowledge.
As stated above.

The individuals and the information reasonably relied on by the certifying individual.

In the case of documents identify the custodian of the documents.
Judi Fox

(b) James Greenough, Senior Director Corporate Services
The information or documents provided by the certifying individual.
All scope related information.

Subject information of which the certifying individual has actual knowledge.
As stated above.

The individuals and the information reasonably relied on by the certifyving individual.

In the case of documents identify the custodian of the documents.
James Greenough

Page 2 of 3



6. Inthe event that the information contained in the Certificate of Need application becomes untrue,
inaccurate or incomplete in any material respect, [ acknowledge my obligation to notify the
Department of Banking, Insurance, Securities and Health Care Administration, and to supplement
the Interim Report as soon as [ know, or reasonably should know, that the information or document
has become untrue, inaccurate or incomplete in any material respect.

Glipys

Thomas W. Huebner President and CEO

On May 17,2017, Thomas W. Huebner appeared before me and swore to the truth, accuracy and
completeness of the foregoing.

\J/ﬂ NLU/( /6 LWW%\ [scal]

Notary pubHc
LMy commission expires February 10, 2019

Judi F}K)E VP Flscal/Sel vices, CFO

On May 17, 2017 Judi Fox appeared before me and swore to the truth, accuracy and completeness of the
foregoing.

[seal]

h %
commission expires February 10, 2019

O —

James eenough VP Corporate Support Services

On May 17, 2017, James Greenough appeared before me and swore to the truth, accuracy and
completeness of the foregoing.

AM 9/ /( /‘@ W [seal]

ary pubhc
My commission expires February 10, 2019
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Rutland Regional Medical Center

An Affiliate of Rutland Regional Health Services
160 Allen Street, Rutland, VT 05701 < www.rrmc.org ° 802.775.7111

Rutland Regional Medical Center

Nuclear Medicine Camera Replacement
Docket No. GMCB-012-16con

Certificate of Need Application

May 17, 2017



Project Description

Rutland Regional Medical Center is requesting the replacement of the existing Infinia Hawkeye
Nuclear Medicine camera with the new Discovery NM/CT 670 Pro nuclear medicine imaging
system at a cost of $2,840,596.00. This new equipment replaces existing fully depreciated 12-
year-old equipment with newer technology that provides safer and more efficient scans to our
community of patients. The Discovery NM/CT 670 Pro allows for radiation does reductions by
decreasing scan times and reducing radiopharmaceuticals exposure. The benefit of quicker scan
times helps patients to be more compliant while lying on the scanner bed, therefore increasing
image quality and patient comfort. Radiation dose reductions are paramount in patient safety
and the Discovery NM/CT 670 Pro is able to reduce dose without compromising image quality
through new software technologies; ASIR® and the Evolution® family of advanced reconstruction
algorithms. In order to accommodate this equipment, facility renovations are necessary and a
small 779 gross square foot addition is required.

The nuclear medicine camera is a core imaging modality used by our cardiologists, primary care
physicians, physician specialists, ED physicians, and Hospitalists. The new equipment will
continue to offer existing services for our patients. These primary services include cardiac
imaging and general nuclear medicine exams, which are standard testing for a community
hospital environment. Nuclear Medicine imaging is also essential in supporting our community
cancer center physicians and their patients for diagnostic imaging through the course of the
patient’s treatment with tumor localization scans, bone scans, and lymph node localization scans.
Nuclear Medicine is also vital for ED patients with chest pain, pulmonary emboli, and/or GI
bleeds. The volume of services is not expected to be impacted by the purchase of this
equipment. A review of the applicable CoN standards is found below.

Criteria Discussion

CON STANDARD 1.3: To the extent neighboring health care facilities provide the services
proposed by a new health care project, an applicant shall demonstrate that a collaborative
approach to delivering the service has been taken or is not feasible or appropriate.

Nuclear medicine cameras are standard technology in virtually all hospitals. They provide basic
cardiac and oncology imaging. The replacement of the camera at Rutland should have no impact
on other organizations.

CON STANDARD 1.4: If an application proposes services for which a higher volume of
such service is positively correlated to better quality, the applicant shall show that it will be
able to maintain appropriate volume for the service and that the addition of the service at
the facility will not erode volume at any other Vermont facility in such a way that quality at
that facility could be compromised.

No new volume or services are identified with this new technology. Discovery NM/CT 670 Pro
would replace existing 12-year-old equipment, the Infinia Hawkeye, with newer technology that
provides safer and more efficient scans to patients. The Discovery NM/CT 670 Pro allows for
radiation dose reductions by decreasing scan times and reducing radiopharmaceuticals that
patients are exposed to. The benefit of quicker scan times helps patients to be more compliant
while lying on the scanner bed, therefore increasing image quality and patient comfort.



Radiation dose reductions are paramount in patient safety and the Discovery NM/CT 670 Pro is
able to reduce dose without compromising image quality through new software technologies.
The new equipment will continue to offer existing services for our patients in Cardiac Services,
Foley Cancer Center, General Surgery and other general nuclear medicine exams.

CON Standard 1.9: Applicants proposing construction projects shall show that the costs
and methods of the proposed construction are necessary and reasonable. Applicants shall
show that the project is cost-effective and that reasonable energy conservation measures
have been taken.

This project includes the renovation of 1,391 sq. ft. of existing space and the addition of 519 sq.
ft. of new space adjoining the Diagnostic Imaging Department, for a total of 779 sq. ft. of new
space. In order to create space for the expansion of the Diagnostic Imaging Department, the
existing Decontamination Shed (260 sq. ft.) needs to be moved and reconstructed at the end of
the Ambulance Garage. The addition of new space is required, because the new equipment is
larger and cannot be accommodated in the existing space. Renovation of the interior space is
required to properly position the control room relative to the new camera, create efficient work
flow, provide sufficient space for support areas, and relocate the Hot Lab within the Nuclear
Medicine Suite. To minimize construction costs, and ensure that construction is both cost-
effective and reasonable, RRMC employed a strategy to maximize renovation of existing space
to take advantage of existing infrastructure and minimize new construction to reduce overall
construction costs.

The existing Nuclear Medicine Suite is located in the Diagnostic Imaging Department and the
proposed project keeps the Nuclear Medicine Suite in the same location, with easy access to the

Emergency Department, other related Departments, equipment and facilities.

Following is a summary of the existing and proposed spaces:

Existing Space Proposed Space

. Waiting room, 122 nsf Waiting room, 127 nsf
. Injection 136 nsf Injection 145 nsf
. Stress Testing 264 nsf Stress Testing 264 nsf
. Control 194 nsf Control 196 nsf
. Nuc. Med. 387 nsf Nuc. Med. 534 nsf
. Corridor & Vest. 186 nsf Corridor 194 nsf
. Vestibule 0 nsf Vestibule 98 nsf
. Patient Toilet 0 nsf Patient Toilet 45 nsf
. Hot Lab 0 nsf* Hot Lab 128 nsf*

*(existing 133 nsf located outside of suite, and new is located within suite)

. Walls/Structure 102 nsf Walls Structure 179 nsf
. SUBTOTAL 1391 gsf SUBTOTAL 1910 gsf
. Decon Shed 260 gsf Decon Shed 260 gsf

. TOTAL 1651 gsf TOTAL 2170 gsf



As can be seen from the above table, new construction in this project is solely focused on
providing the appropriate space for the equipment and observation of the patient.

To ensure that construction costs are competitive and cost effective, RRMC will obtain multiple
competitive bids from all trades providing services, and RRMC has worked with Efficiency
Vermont to ensure reasonable energy conservation has occurred.

CON STANDARD 1.10: Applicants proposing new health care projects requiring
construction shall show such projects are energy efficient. As appropriate, applicants shall
show that Efficiency Vermont, or an organization with similar expertise, has been
consulted on the proposal.

Efficiency VT collaborates with RRMC on all projects, and Efficiency VT has been involved in
this project as well. LN Consulting, the project engineers on this project, has designed energy
efficient systems to provide heating, ventilation, air conditioning and lighting in the space. The
facilities staff and Efficiency VT have also been a part of the design process and together we
have designed systems that will be energy efficient, reliable and easy to maintain. A letter from
Efficiency Vermont is attached following this narrative.

CON STANDARD 1.11: Applicants proposing new health care projects requiring new
construction shall demonstrate that the new construction is the more appropriate
alternative when compared to renovation.

This project primarily consists of the renovation of 1391 sq. ft. of existing space, with new
construction being limited to 519 sq. ft., the minimal amount necessary to accommodate the
new Nuclear Camera. The project also includes the relocation and reconstruction of the 260 sq.
ft. Decontamination Shed. The addition of new space is required, because the new equipment is
larger and cannot be accommodated in the existing space, and the camera cannot be positioned
properly in the existing space to properly position the control room relative to the camera.
Location of the control room relative to the camera is critical to the care provider’s observation
of the patient. With the Nuclear Camera located in the new addition, the existing space can be
renovated to provide proper observation of the patient, create efficient work flow, provide
sufficient space for support areas, and relocate the Hot Lab within the Nuclear Medicine Suite.
Relocation and reconstruction of the Decontamination Shed is required to create space for the
expansion of the Nuclear Medicine room. Without relocation of the Decontamination Shed, and
without taking advantage of existing space, facilities and services currently used for Nuclear
Medicine, the entire Nuclear Medicine Suite would have to be relocated to a new location
causing the entire project to have new construction.

CON STANADARD 1.12: New Construction of health care projects shall comply with the
Guidelines for Construction and Equipment of Hospital and Medical Facilities as issued by
the American Institute of Architects (AIA).

All new construction and renovation areas will comply with the Guidelines for Construction and
Equipment of Hospital and Medical Facilities as issued by the American Institute of Architects
(AIA). Lavallee Brensinger are the architects on the project, LN Consulting is serving as the
engineer and Krebs & Lansing are the civil engineers.



CON STANDARD 3.4: Applicants subject to budget review shall demonstrate that a
proposed project has been included in hospital budget submissions or explain why
inclusion was not feasible.

Rutland Regional Medical Center has included the Replacement of the Nuclear Medicine
Camera in the hospital budget submission. In the budget 2016 submission, the Nuclear Medicine
Camera was included as an anticipated non-CoN project for $950,000. In the budget 2017
submission, it was included as a CoN project for $2.2 million as planning had resulted in the
need to renovate and reconfigure rooms, in part adding new square footage.

CON STANDARD 3.7: Applicants proposing to replace diagnostic or therapeutic
equipment shall demonstrate that existing equipment is fully depreciated, or the cost of the
early replacement, including the cost of remaining depreciation on existing equipment, is
less costly than keeping the existing equipment.

The Nuclear Medicine Camera that is being replaced was purchased for $555,342.50, and placed
in service in fiscal year 2005. There was also a power injector purchased with this project in FY
2005. These items had a useful life of 5 years, and therefore is fully depreciated.

CON STANDARD 3.20: Applications to purchase diagnostic or therapeutic equipment, or
to expand facilities to accommodate major medical equipment purchases, shall address the
appropriateness of such distribution as compared to population, the availability of
appropriately trained personnel, an evaluation of patient need versus convenience, urgent
versus non-urgent use, and appropriate protocol to reduce the risk of repetitive testing
(both within the facility purchasing the equipment and within the health care system).

Nuclear Medicine imaging is essential in supporting our aging community for cardiac testing,
cancer center diagnostic imaging, ED patients with chest pain, pulmonary emboli, and/or GI
bleeds. This is the replacement of standard technology found in most hospitals.

Protocols are utilized to reduce the risk of repetitive testing includes staff reviewing patient
information in the Nuclear Medicine Information System located in the RRMC Nuclear
Medicine department. The Nuclear Regulatory Commission, NRC, requires that all
radiopharmaceuticals doses are tracked by patient in the Nuclear Medicine Information System.
Per department policy, staff validate each patient prior to doing their exam that the patient has
not had a recent prior exam.

CON STANDARD 3.22: For applications involving the purchase of diagnostic or
therapeutic equipment, applicants shall establish, through the submission of evidence in the
form of peer-reviewed or similar articles, the clinical efficacy of the diagnoses or
procedures to be performed.

Please see attached articles.



CON STANDARD 3.23: In addition to proving need, applicants seeking to add or expand
diagnostic or therapeutic equipment shall show that the equipment reduces costs and/or
improves quality.

The Discovery NM/CT 670 Pro allows for radiation dose reductions by decreasing scan times
and reducing radiopharmaceutical dosages. The benefit of quicker scan times helps patients to be
more compliant while lying on the scanner bed, therefore increasing image quality and patient
comfort. Initially 10% of patients that are scanned could see a reduction in the
radiopharmaceutical costs due to utilizing less dosage.

CON STANDARD 3.24: An applicant shall disclose potential financial conflicts of interest
between hospitals and physicians and an equipment purchase.

There are no conflicts of interest.

Statutory Criteria

CON Criteria (2) the cost of the project is reasonable, because:
A. the applicant's financial condition will sustain any financial burden likely to result
from completion of the project;

This equipment is necessary for routine patient care. RRMC included this project in the annual
capital planning process and will fund the project with internal equity and cash reserves. The
current Infinia Hawkeye Nuclear Medicine camera is over 10 years old and in need of
replacement. This project has been fully reviewed by our Capital Planning Committee, and
given the age of the equipment, it has been prioritized by our Capital Budget Committee as a
high priority project. Additional operating expenses include $103,233.00 for an annual
equipment support and maintenance agreement offset in part by $33,081.00 of annual savings
related to radiologic pharmaceuticals. The net annual additional expense will be absorbed in
RRMC’s projected financial plan and will not mandate any change in our original projections.
The costs of this project will be supported within the State mandated net revenue cap each year.

B. the project will not result in an undue increase in the costs of medical care. In
making a finding under this subdivision, the board shall consider and with relevant
factors, including:

i. the financial implications of the project on hospitals and other clinical
settings, including the impact on their services, expenditures and charges;

ii. whether the impact on services, expenditures and charges is outweighed by
the benefit of the project to the public, and

RRMC’s rate will not be impacted as a result of the project.

This equipment is necessary for routine patient care. We feel that the value the project brings to
RRMC far outweighs the capital costs. The project will allow for replacement of equipment that
exceeds its useful life. As well, the new camera will provide improved quality imaging,
reduction of radiopharmaceutical dose (less patient radiation dose), and reduction of scanning
times for patient comfort.



This project will be financed using the internal funds generated by the facility. No borrowing is
anticipated.

C. Less expensive alternatives do not exist, would be unsatisfactory, or are not feasible
or appropriate;

This is replacement of equipment needed to core testing at an institution the size of Rutland
Regional Medical Center.

CON Ceriteria (3) there is an identifiable, existing, or reasonably anticipated need for the
proposed project which is appropriate for the applicant to provide;

The Discovery NM/CT 670 Pro new equipment replaces existing 12-year-old equipment with
newer technology that provides safer and more efficient scans to our community of patients.
Enhanced image quality, radiation dose reduction, less radiopharmaceuticals injected, and faster
scan times are benefits for our patients.

CON Criteria (4) the project will improve the quality of health care in the state or provide
greater access to health care for Vermont's residents, or both;

The Discovery NM/CT 670 Pro allows for radiation dose reductions by decreasing scan times
and reducing radiopharmaceuticals that patients are exposed to.

CON Criteria (5) the project will not have an undue adverse impact on any other existing
services provided by the applicant;

The project will have no impact on other services.

CON Criteria (6) the project will serve the public good;

The project will serve the public good by letting RRMC continue to provide these core testing
services.



PLEASE PROVIDE ASSUMPTIONS
Rutland Regional Medical Center
Nuclear Medicine

Table 1
* Capital costs include the Nuclear Medicine camera, other furnishings, and construction costs to expand the space for the new, larger camera.

* The trade in discount included in the quote is assumed to be the Fair Market Value of the existing Nuclear Medicine camera that will be traded in for the new camera.
This fair market value was included in the costs in Table 1.

Table 2

* This project will not be financed, so there are no debt related expenses.

INCOME STATEMENT

* This project has been included in our Strategic Financial Plan and will not have an impact on rates.

* Assumes 3.4% annual growth in net patient revenue.

* Net to gross for FY 2017 and FY 2018 is based on information used to build the 2018 budget that will be submitted to the State at the end of June.
* The growth in Other Qperating Income for FY 2018 - 2020 is related to Retail Pharmacy.

Projection 2017 and 2018 are based on detailed information prepared during the development of our 2018 budget
Projection 2012 and 2020 assumes merit/market for non-physician salaries of 3.5% per year and inflation of 3% per year for all other expenses

* Project expenses include $15,000 of asbestos abatement in 2018, depreciation of $155,160, Physicist annual equipment inspection of $2,200, training costs of
$43,000 and Radiolegic Pharmaceutical savings of $8,730 in 2019, and depreciation of $310,321, Physicist equipment inspection of $2,200, Equipment support &
maintenance agreements of $40,833 and Radiologic Pharmaceutical savings of $23,351 in 2020.

BALANCE SHEET
* Additional debt will be incurred in FY 2019 for $21.7 million to support the Medical Office Building project.
* 60% of project expenditures will occur in FY 2018, and 40% in FY 2019

CASH FLOW

* Per the State, we are not required to submit this since the formulas are not correct in the State's cash flow statement file.

REVENUE SOURCE-PAYER

* Payer mix is based on FYTD 3/31/17 actual.

UTILIZATION

* FY 2017 and FY 2018 projected utilization is based on information used to build the 2018 budget that will be submitted to the State at the end of June.
* FY 2019 and 2020 utilization is anticipated to remain consistent with budget 2018.

STAFFING

* FY 2017 and FY 2018 projected staffing is based on information used to build the 2018 budget that will be submitted to the State at the end of June.

* FY 2019 and 2020 staffing is anticipated to remain consistent with budget 2018.

STATISTICS

“ Statistics will be calculated by the state after the CoN financial tables are e-mailed to and uploaded by the State to their Adaptive Planning software

5/19/2017 GMCB Assumptions



NOTE: When completing this table make entries in the shaded fields only.

Rutland Regional Medical Center
Nuclear Medicine

TABLE 1
PROJECT COSTS

Construction Costs

New Construction

Renovation

Site Work

Fixed Equipment

Design/Bidding Contingency

Construction Contingency

Construction Manager Fee

Other (please specify)
Subtotal

BN AW~

Related Project Costs
Major Moveable Equipment

Architectural/Engineering Fees
Land Acquisition
Purchase of Buildings

Debt Service Reserve Fund
Working Capital

Other (please specify)
Owners Contingency

COONDO AWM=

—_

Subtotal

Total Project Costs

Furnishings, Fixtures & Other Equip.

Administrative Expenses & Permits
Debt Financing Expenses (see below)

$ 390,984
9698149
32440

$ 1275530

$ 826807
i1 $398.625

5  1.565.066

©

2,840,596

Debt Financing Expenses
1. Capital Interest
2. Bond Discount or Placement Fee

4. Other
Subtotal

Less Interest Earnings on Funds
Debt Service Reserve Funds
Capitalized Interest Account
Construction Fund

Other

Ll

Subtotal

Total Debt Financing Expenses
feeds to line 7 above

3. Misc. Financing Fees & Exp. (issuance costs) | ; e

5/19/2017
Health Care Administration

CON Table 1-3-Income Statement updated, Table 1



NOTE: When completing this table make entries in the shaded fields only.

Rutland Regional Medical Center
Nuclear Medicine
TABLE 2
DEBT FINANCING ARRANGEMENT, SOURCES & USES OF FUNDS

Sourc

2
3

il

es of Funds

Financing Instrument
a. Interest Rate
b. Loan Period
¢. Amount Financed
. Equity Contribution
. Other Sources
a. Working Capital
b. Fundraising
c. Grants
d. Other

Total Required Funds

B'(‘Jnd.:é
0.0%

' To: |

2,840,596

$ 2,840,596

Uses of Funds

Project Costs (feeds from Table 1)

1.

©® N O s N

9.
10.
11.
12.
13.
14.
15.
16.
17.

New Construction
Renovation

Site Work

Fixed Equipment
Design/Bidding Contingency
Construction Contingency
Construction Manager Fee
Major Moveable Equipment

Architectural/Engineering Fees
Land Acquisition
Purchase of Buildings

Debt Financing Expenses
Debt Service Reserve Fund
Working Capital

Other (Owner's Contingency)

Total Uses of Funds

Furnishings, Fixtures & Other Equip.

Administrative Expenses & Permits

$ 390,984
698,149
32,440

112,167

41,800
826,307
398,625
156,064

127,553

$ 2,840,596

Total sources should equal total uses of funds.

5/19/2017

Health Care Administration

CON Table 1-3-Income Statement updated, Table 2



RUTLAND REGIONAL MEDICAL CENTER

Nuclear Medicine
INCOME STATEMENT
Table 3A
WITHOUT PROJECT
Projected Propased Yr 1 Proposed Yr 2 Proposed Yr 3
2015 2018 2016 2017 2017 2018 2019 2020
% %
Actual Budget % change Actuals change Budget % change % change % change % change change
REVENUES y
INPATIENT CARE REVENUE 170,343,832 176,547 476 3.6% 191,868,077 87% 180.866,477 -5.8% 205,322,090 7.0% 214,308,929 18.6% 228,018,452 6.4% 243,100,927 6.8%
OUTPATIENT CARE REVENUE 281,110,791 274,404,944 -2.4% 274,399,840 0.0% 257,142,036 -6.3% 265,704,927 -6.8% 264,354,189 2,8% 281,265,149 6.4% 289,869,672 6.6%
OUTPATIENT CARE REVENUE - PHYSIC| 40,880,965 58,686,415 43.6% 62,566,398 6.6% 63,107,825 0.9% ‘49,400,399 -21.0% 52,275,189 “17.2% 55,619,277 6.4% 59,298,261 6,6%
CHRONIC/SNF PT CARE REVENUE - - #DIV/D! - #DIV/O! - #DIV/0! s #DIVIOI #DIVIO| T #DIV/O #DIVIOI
SWING BEDS PT CARE REVENUE 1.058.924 793,290 -25.1% - -100,0% - #DIvio! #DIV/OL #DIVi0! #DIV/O! #DIV/I0I
GROSS PATIENT CARE REVENUE 493,394,512 510,432,125 3.5% 528,654,315 36% 500,916,338 -5.3% 510,427,416 -3.5% 530,838,307 6.0% 564,802,878 6.4% 602,266,860 6.6%
DISPROPORTIONATE SHARE PAYMENT 4,576,163 4,169,146 -8.9% 4,573,554 9.7% 5724870  252% 5,724,870 25.2% 4,579,237 -20.0% 4,837,858 56% 5,002,345 3.4%
BAD DEBT FREE CARE (9.687.417) (13,964,808) 44.2% (10,022,419)  -28.2% (10,196,810} 1.7% (10,989,502) 9.6% (11,431,102) 12.4% (12,162,359) B.A% (12.966,849) B.6%
_DEDUCTIONS FROM REVENUE {259,854 621) {267 388,201) 29% (277,582,498) 3.8% (253,025,950) -B.8% {259,815,041) +6.4% (272 530,164) 7.7% (297, 478,492) 9.2% (325,361,075) 9.4%)
NET PATIENT CARE REVENUE 228,328,637 233248182 22% 245,822,952 54% 243415448 -1.0% 245,247,743 -0.2% 251,547,278 3.3% 260,089,885 3.4% 268,943,281 3.4%
OTHER OPERATING REVENUE 9,276,938 9,938,846 7.1% 8,598,283 -13.5% 11,017,731 28.1% 11,959,805 30.1% 12,290;310 115% i2.4§0,3‘10 1.6% 12,690,310 1.6%
| TOTAL OPERATING REVENUE 237,604,575 243,187,008 2.3% 254,421,235 46% 254433179 0.0% 257.207 548 1.1% 263,837,588 37% 272,590,195 3.3% -281.633,501 a.a%h
OPERATING EXPENSE e _ T
SALARIES NON MD 70,594,783 73.162,616 36% 78,446,783 7.2% 82,628,937 53% 79,468,505 1.3% 82.525214 -0.1% 35.4_135% 3.5% 88,403,072 23.5%
FRINGE BENEFITS NON MD 27,728,640 25,651,715 -7.5% 25,172,851 -1.9% 27,673,380 9.9% 25,223,283 0.2% 26,994,266 -2._5% 27,804,004 3.0% 28,638,217 0%
FRINGE BENEFITS MD 2,101,246 2,008,606 -4.4% 1.375.451 -31.5% 1,529,901 11.2% 1,380,112 0.3% 1,438,639 -5.8% 1482828 3._03& 1.527.313 3.0
PHYSICIAN FEES SALARIES CONTRACT! 30,053,013 30,114,342 02% 30.000,115 -0.4% 29,969,647 -0.1% 33,858,442 12.8% 35,080,044 17.0% 35,111,845 3.0% 37195201 3.0%%
HEALTH CARE PROVIDER TAX 13,002,474 13,519,505 4.0% 14,052,304 3.9% 14,352,823 21% 14.740,?49__ 4.9% 14,810,108 3% 15,254,411 3.0% 15,712,044 3.0%
DEPRECIATION AMORTIZATION 12,433,768 13,374,000 76% 13,596,263 1.7% 13,161,688 -3.2% 12,896,477, -4.4% 12,728,164 -3.3% 14,062,142 10.5% 16,539 642 17.6%
INTEREST - LONG/SHORT TERM 1,897,138 1,873,113 -1.3% 1,803,469 -3.7% 1.749,035 -3.0% 1.517,751 -16.8% 1,688,565 -3.6% 1,738,222 3.0% 1,791,398 3.0%)
OTHER OPERATING EXPENSE 75,385,579 77,623,157 3.0% 79,195,624 20% 77262881 “24% 81,111,075 2.4% 82.3&5323 65% Bl.!i_&.ﬁsﬁ 2.3% 85.111‘353 1.4%|
TOTAL OPERATING EXPENSE 233,196,542 237,327,054 1.8% 243,642,660 27% 248328292 1.9% 250,296,484 2.7% 257,549,323 3% 266,087,698 33% 274,518,745 33%
NET OPERATING INCOME (LOSS) 4,408,033 5,859,954 329% 10,778,375 83.9% 6,104,887 «A%4% 6.911.m -35.9% 6,288,265 3.0% 6,602,497 34% 6,714,846 3.3%
NON-OFERATING REVENUE (492 377) 5973111 -1313.1% 11,380,784 90.5% 7,136813 -37.3% 8,727.331 -14.5% 8005374 24 8% 8805374 0.0% 8,805,374 0.0%
iEXCEs'S jDEFlCI_‘g ‘OF REVENUE OVER E! 3915658 11,833 _202.2% 18,&’3‘8}'!95- -24.8% 15,183,639 14,7% 15,407 871 14% 15,620,220 1,45\'-1
Operating Margin % 1.9% 24% 42% 2.4% 2.7% 2.4% 24% 24%
Bad Debt & Free Care% 2.0% 2.7% 1.9% 2.0% 22% 22% 22% 22%
Compensation Ratio 56.0% 55.2% 55.4% 57.1% 55.9% 56.7% 56.7% 56.7%
Capital Cosl % of Total Expenses 6.1% 6.4% 6.3% 6.0% 5.8% 5.6% 5.9% 6.7%
5/1972017, Pg 1 GMCB CON Table 1-3-income Statemoni updated



RUTLAND REGIONAL MEDICAL CENTER

PROJECT NAME
INCOME STATEMENT
Table 3B
PRQJECT ONLY
2015 2016 2016 2017 Projected Proposed Yr 2 Proposed Yr2 Proposed Yr 3
% %
Actual Budget % change Actuals change Budget % change 2017 % change 2018 % change 2019 % change 2020 change

REVENUES .

INPATIENT CARE REVENUE #DIV/0! #DIV/O! #HDIV/O! HOW/0! #OIVID) . #0Iv/o! #DIV/O!

QUTPATIENT CARE REVENUE #DIV/0! #DIV/0! #DIVIO! #OIV/o! #DIV/0) o #DIViot #DIV/OL

OUTPATIENT CARE REVENUE - PHYSICIAN #DIV/O! #DIV/O! #DIV/0| #DIV/OI #0iviol #OIvior #DIVIOI

CHRONIC/SNF PT CARE REVENUE #DIV/0! #DIv/0t #DIvr0! #OIV/0) HOIv0l #DIV/0! #DIV/O!

SWING BEDS PT CARE REVENUE #DIv/o! #DJV/0! #0Ivig! HDIV/IO! HDIVION #DIvi0! " #DIV/O!
GROSS PATIENT CARE REVENUE E - #DIvim! - BOIVID| - RO - HDIVIO! - HOIVIO! - #owon - #OIVI0!

DISPROPORTIONATE SHARE PAYMENTS #DIV/O! #DIV/D! #DIV/Q! #DIV/O) #0IIOl H#OWOI #DIV/OI

BAD DEBT FREE CARE #DIV/O! #Div/o! #DIV/O! #DIV/O! HDIVYOI #DIVio! #DIV/0L

DEDUCTIONS FROM REVENUE #RIvI0! HDIVD! v\ HOIVIO| HDIVIO) #DIVI0! #DIVio!
NET PATIENT CARE REVENUE . - #DIVIO! - DAY - #DIVIO! . HDIVHO! E HDIVIO! - HDIVIO! - H#OIVIO!
OTHER OPERATING REVENUE #DIV/O! #OIV/O! #DIV/0! #DIV/0] #DIvo! #Dwv/o! #DIV/OI
TOTAL OPERATING REVENUE - - #DVID! - HDIVID! = Hovio! - HDIVIG = BDIV/O! - #DIVIO! - HOIOL
OPERATING EXPENSE .

SALARIES NON MD HDIV/OI #DIV/I0! #DIV/0! HDIVIO! ~FDIVIO! HDIVIO! HOIVIRY

FRINGE BENEFITS NON MD #DIVIO! #DIV/O! #DIV/O! HDIVIL #DIVIO| #DIVIO #HOWIO!

FRINGE BENEFITS MD #D1v/0! #DIV/IO! #DIvio! #OWID! ADIVIO) HOIva! HDIVIDL

PHYSICIAN FEES SALARIES CONTRACTS & FRINGES #DIV/0! #DIV/0! #0DWv/o! WO #DIVIO #DIViol HOIVHOL

HEALTH CARE PROVIDER TAX #OIV/0! #DIv/O! #DIV/0! #DIVIOL #DIVIO! #OVI01 #OIVIO!

DEPRECIATION AMORTIZATION #DIV/0! #DIv/0! #DIV/o! #DIVial HOWI 155,160 #OIV/O! 310321 100.0%

INTEREST - LONG/SHORT TERM #DIv/0! #DIV/O! #0OIV/0! #DIVIO1 #OIVIO #DIVmI w00l

OTHER OPERATING EXPENSE #DIV/o! #DIV/O! #DIv/0! ﬂDN{BI 15,000 #DIVIO! 35470 135_.5% 19,682 -44.5%
TOTAL OPERATING EXPENSE - - HOIVIO - #HOIVD! - HDIVIO! - HOMIO! 15000  #DWIOI 180,630 1170.9% 330005 73.1%
NET OPERATING INCOME (LOSS) - - WO - WDV . HOMIOl - HDIVION (15,000) #DIVIOI (180,630} 1170.8% {330,003) T3.19%]
NON-CPERATING REVENUE B HOWID #Divim! #HDWO #OIV0! #DO! DY
Iaczss'!mlmg OF REVENUE OVERE; - - #Diviol - H#DWVIo) - towio! - #Oial (15,000)__#DIvio! (180630)  1470.8% (330,003) ?3.1341

5/1912017, Pg 2 el [of-] CON Tablo 1-3-Income Statemcen! updatod



RUTLAND REGIONAL MEDICAL CENTER

Nuclear Medicine
Nate: This table requires no "fill-in" as it is populated automatically
INCOME STATEMENT
Table 3
WITH PROJECT
2015 2016 2016 2017 Projected Proposed Yr 2 Proposed Yr 2 Proposed Yr3
% % .
Actual Budget % change Actuals change Budget change 2017 % change 2018 % change 2019 % change 2020 change
REVENUES
INPATIENT CARE REVENUE 170,343,832 176,547,476 36% 181,888,077 8.7% 180,666,477 -5.8% 205,322,090 7.0% 214,308,929 18.6% 228,018,452 6.4% 243,100,927 6.6%
OUTPATIENT CARE REVENUE 281,410,791 274,404,944 -2.4% 274,399,840 0.0% 257,142,036 -6.3% 255,704,927 -6.8% 264,354,189 2.8% 281,265,149 6.4% 299,869,672 6.6%
OQUTPATIENT CARE REVENUE - PHYSICI 40,880,965 58,686,415 43.6% 62,566,398 8.6% 63,107,825 0.9% 49,400,399 -21.0% 52,275,189 «17.2% 55,619,277 6.4% 59,298,261 B.6%
CHRONIC/SNF PT CARE REVENUE - - #DIV/O! - HOIV/O! - #0IV/O! - #Div/o! E #DIVID! . #DIV/Q! - #DIV/O|
SWING BEDS PT CARE REVENUE 1,058,924 793,290 -25.1% - -100.0% - #DIvyo0! - #Divro! . #DIVIO! - #Div/0! - #DIv/0!
GROSS PATIENT CARE REVENUE 493,394,512 510,432,125 3.5% 528,854,315 36% 500,916,338 -5.3% 510,427,416 -3.5% §30,938.307 BO0% 564,902,878 6.4% 602,268,860 6:6%
DISPROPORTIONATE SHARE PAYMENT¢ 4,576,163 4,169,146 -8.9% 4,573,554 9.7% 5,724,870 265.2% 5,724,870 25.2% 4,579,237 -20.0% 4,837,858 56% 5,002,345 3.4%
BAD DEBT FREE CARE {9,687,417) (13,964,808) 44.2% (10.022,419) -2B2%  (10,196,810) 1.7% (10,989,502) 9.6% (11,431,102) 12.1% {12,162,358) 6.4% (12.966,849) 6.6%
DEDUCTIONS FROM REVENUE (259,954,621} (267,388,301) 2.8% (277,582.498) 3.8% (253,028,950} -B.8% {259,915,041) -B.4% (272,539,184) T % {297 ,478,452) 9.2% (325,361,075) 9.4%
MNET PATIENT CARE REVENUE 228.328637 233,248,162 2.2% 245,822,952 5.4% 243415448 -1.0% 245247743 -0.2% 251,547,278 3.3% 260,099,885 34% 268,943,281 34%
OTHER OPERATING REVENUE 9,275,938 9,938.846 T1% 8,598,283 -13.5% 11017731 28.1% 11,959,805 39.1% 12,280,310 11.6% 12.490,310 1.6% 12,690,210 16%
TOTAL OPERATING REVENUE 237.604.575 243,187,008 23% 254.421.235 4.6% 254,433,179 0.0% 257 207 548 1.1% 263,837,588 3.7% 272,590,195 3.3% 281,833,581 3.3%]
OPERATING EXPENSE
SALARIES NON MD 70,594,783 73,162,616 3.6% 78,446,783 7.2% 82,628,937 5.3% 79,468,595 1.3% 82,525,214 -0.1% 85,413,598 3.5% 88,403,072 3.5%
FRINGE BENEFITS NON MD 27,728,540 25,651,715 -7.5% 25,172,851 -1.9% 27,673,380 2.9% 25,223,283 0.2% 26,994,266 -2.5% 27,804,094 3.0% 28,638,217 30%
FRINGE BENEFITS MD 2,101,246 2,008,608 -4.4% 1,375,451 -31.5% 1,528,901 11.2% 1,380,112 0.3% 1,439,639 -5.9% 1,482,828 30% 1.627.313 3.0%
PHYSICIAN FEES SALARIES CONTRACT:! 30,053,013 30,114,342 0.2% 30,000,115 -0.4% 28,969,647 -0.1% 33,858,442 12.9% 35,060,044 17.0% 36,111,845 30% 37,195,201 3.0%
HEALTH CARE PROVIDER TAX 13.002,474 13.519,505 4.0% 14,052,304 3.9% 14,352,823 21% 14,740,749 4.9% 14,810,108 3.2% 15,254,411 3.0% 15,712,044 30%
DEPRECIATION AMORTIZATION 12,433,769 13,374,000 7.6% 13,596,263 1.7% 13,161,688 -3.2% 12,886,477 -4.4% 12,728,164 -3.3% 14,217,302 11.7% 16,849,963 18.5%
INTEREST - LONG/SHORT TERM 1,897,138 1,873,113 -1.3% 1,803,469 -3.7% 1,748,035 -3.0% 1,517,751 -15.8% 1,688,565 -3.5% 1,739,222 3.0% 1,791,399 3.0%
OTHER OPERATING EXPENSE 75,385,579 77623157 3.0% 79,195,624 20% 77,262,881 -2.4% 81,111,075 2.4% 82,318,323 6.5% 84,255,029 24% 85,131,540 1.0%
TOTAL OPERATING EXPENSE 233,186,542 237.327.054 1.8% 243,642 850 27% 248,328,202 1.9% 250,296,484 2.7% 257.564.323 3T 266,275.328 34% 275,248,748 34%
MET OPERATING INCOME (LOSS) 4,408,033 5,859,954 32.9% 10,778,375 83.9% 6,104,887 -43.4% 6,911,064 -35.9% 6,273,285 2.8% 6,311,867 06% 6,384,843 1.27%
NON-OFPERATING REVENUE (492,377) 5973111 -13131% 11,380,794 50.5% 7,136813 -37.3% 9727331 -14.5% 8905374 24.8% 8,905,374 0.0% 8905374 0.0%
3915658 11 2022% -40.2% 16,638,395 24.8% 15,178,638 14.6% 15,217,241 0.3% 15,290,217 0.5%
Operating Margin % 1.9% 24% 42% 2.4% 27% 2.4% 2.3% 23%
Bad Debl & Free Care% 20% 27% 1.9% 2.0% 22% 22% 22% 2.2%
Compensation Ratio 56.0% 552% 55 4% 57.1% 55.9% 56.7% 56.6% 56.6%
Capital Cost % of Total Expenses 6.1% 6.4% 6.3% 6.0% 5.8% 56% 6.0% 6.8%
51972017, Pg 3 GMCB CON Table 1-3-ncome Statement updatod
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NUCLEAR MEDICINE
Balance Sheet
WITHOUT PROJECT
2015 2016 2016 2017 2017 2018 2019 2020
% % % % Proposed Year % Proposed Year % Proposed Year %
Actual Budget change Projection change Budget change Projected change 1 change 2 change 3 change
ASSETS
CURRENT ASSETS
CASH & INVESTMENTS 12,803,315 23,680,313 85.0% 14,551,514  -38.6% 39,503,614  171.5% 15,386,482  -61.1% 14,576,141 -5,3% 13,693,130  -B.7% 14,471,783 6.5%
PATIENT ACCOUNTS RECEIVABLE, GROSS 65,671,511 66,614,488 1.7% 65,671,511 7% 65,671,511 0.0% 67,802,702 32% 87,802,702 0.0% 67,802,702 00% 67,802,702 0.0%
LESS: ALLOWANCE FOR UNCOLLECTIBLE ACCTS (45,002,495)  (42,592,168) 54%  (45,002,495) 5.7%  (45,002,495) 00%  (45270,950) 06%  (45270,950) 0.0% - (45270950) = 0.0%  (45,270,950) 0.0%
DUE FROM THIRD PARTIES . - #DIV/O! 5,167,469 #DIV/O! 5,167,469 0.0% 5,260,001 1.8% 5,260,001 - 0.0% . ::5260,001.: 0.0%  5260,001 0.0%
OTHER CURRENT ASSETS 9,722,463 12,703,659 30.7% 9,722,463  -23.5% 9,722,463 0.0% 10,594,250 9.0% 10,594,260  © :0.0% 10,594,250 0.0% 10,504,250 0.0%
TOTAL CURRENT ASSETS 43,184,724 60,608,282 40.3% 50,110,462 -17.3% 75.062,562  49.8% 53772485  -2BA% 52,952,144 -1.5% 51,079,133 -1.9% 52,857,785 1.7%)
BOARD DESIGNATED ASSETS
FUNDED DEPRECIATION 61,639,087 114,778,672 862% 105,706,228 7.9% 112,843,141 68% 120526972  8.8% 129432346 74% 138,337,720 -6.9% 147,243,094 6.4%
ESCROWED BOND FUNDS 1,022,845 1,422,845 39.1% . -100.0% - #DIV/O! e THOMIOL HOIV/O! #DIV/O! s #DIV/O)
OTHER 43,661,026 . -100.0% 5,997,925 #DIV/O! 5,997,926 0.0% 8,201,912 3.4% 6,201,012 0.0% 6,201,912 0.0% 6,201,912 0.0%
TOTAL BOARD DESIGNATED ASSETS 108,222 958 116,201,517 9.4% 111,704,153 .39% 118,841,066 6.4% 126,728,884 66%  135634,268 7.0% 144538632 66% 153,445,006 6.2%
PROPERTY, PLANT, AND EQUIPMENT
LAND, BUILDINGS & IMPROVEMENTS 88,638,887 84,993,447 -4.1% 88,638,887 4,3% 88,638,887 00% - 102633484 - 158% _ 102633484 0% . 102,633,484 102883484 - 0.0%
CONSTRUCTION IN PROGRESS 2,197,239 3,161,464 43.9% 2,197,239 -30.5% 2,197,239 0.0% 3422893  558% < ' 342299 0% - /8,422,993 : .. 3,422,993 0.0%
MAJOR MOVABLE EQUIPMENT 96,681,658 106,192,364 9.8% 113,784,698 7.1% 123,638,698 87% 119875161 - -3.0% . 135200,843" 128% 173,893,012 " - 190,893,012 . 9.8%
FIXED EQUIPMENT 29,597,080 30,016,498 1.4% 29,697,080  -1.4% 29,597,080 0.0% 39486193 13.0% - 33,456,193 . 0.0% 33,456,193 - - 33456193 - 0.0%
TOTAL PROPERTY, PLANT AND EQUIPMENT 217,114,864 224,383,773 33% 234,217,904 44% 244,071,904 A42% 259,387,831 63% 274713613 56% 313405682 330,405,682 6.4%
LESS: ACCUMULATED DEPRECIATION
LAND, BUILDINGS & IMPROVEMENTS (44,966,451)  (49,171,122) 9.4%  (44,966,451)  -8.6%  (44,966,451) 0,0% (53,095223) : 18.1%  (53,095,223)%~ “(53,095,223) 0.0%
EQUIPMENT - FIXED (22,872,018)  (23,795,284) 40%  (22,872,018)  -39%  (22,872,018) 0.0%  (24,755889) 8.2%  -(24,755,689) (24,756,689) 0.0%
EQUIPMENT - MAJOR MOVEABLE (75,558,526)  (84,163,325)  11.4%  (89,252,694) 6.0% (102,414382) 147%  (96,218671)  -6.0% - (108,946,835)" (139,548,619) 13.4%
TOTAL ACCUMULATED DEPRECIATION (143,398,985)  (157,129,731) 58% _ (157,001,163) 0.0% _ (170,252,851) 8.4% _ (174,088,583) 22%  (186,797,747)  7.3%  (200,859,880) 7.5%  (217,399,531) 8.2%
TOTAL PROFPERTY, PLANT AND EQUIPMENT, NET 73,717,668 67,234,042 -8.8% 77,126,741 14.7% 73,819,053 -4.3% 85318248  156% 67,015,868 3.0% X
OTHER LONG-TERM ASSETS 9,269,915 9,824,219 59% 4,122,446 -58.1% 4,122 446 0.0% 5206680  27.8% 5,268,689 0.0% 5,266,689 0.0% 5,260,688
|TOTAL ASSETS 36 253,876,070 243,063,802 271,845,127
LIABILITIES AND FUND BALANCE
CURRENT LIABILITIES ) . - )
ACCOUNTS PAYABLE 2,818,694 4,265,502 51.3% 5442168  27.6% 6,442,168 0.0% 4443388 -184% 4,443,268 0.0% 4,443,388 0.0% 4,443,368 0.0%
SALARIES, WAGES AND PAYROLL TAXES PAYABLE 9,311,259 9,749,853 4.7% 10,113,344 3.7% 10,113,344 0.0% 11,234778  1114%  11,234778 0.0% 11,234,778 0,0% 14,234,778 0.0%
ESTIMATED THIRD-PARTY SETTLEMENTS 8,592,533 7,847,454 -8.7% 8,692,533 9.5% 8,592,533 D.0% 9162112 6.5% 9,152712  00% 9,152,712 0.0% 9,152,712 0.0%
OTHER CURRENT LIABILITIES 9,961,273 6,199,500  -37.8% 6,610,233 6.6% 6,610,517 0.0% 5218286 -21.1% 5182502  -05% 5188659  -0.1% 5,145,716 -0.8%
CURRENT PORTION OF LONG-TERM DEBT 2,283,260 1,871,793 -18.0% 1,727,223 7.7% 2133373  23.5% 1,765,007 15.9% 1865452 -  3.9% 1,038,661 39% 1,113,320, -428%)
TOTAL CURRENT LIABILITIES 32,967,018 29,034,102 -8.2% 32,485,501 8.5% 52,891,935 1.3% 31,842,148 32% B 31,958,076 0.2% 31,089,881 2.7%,
LONG-TERM DEBT ) . ) B
BONDS & MORTGAGES PAYABLE 31,818,131 38,263,410 20.3% 38,263,410 0.0% 56,102,482  46.6%: 38,489,153 -35.0% 34,603,702 S51% 54357410  574% 52,484,872 -3:4%)
CAPITAL LEASE OBLIGATIONS E B #DIV/O! - #DIV/O! . #DIV/OI HDIVAO! #DIVIo) #DIV/OI #DIV/O!
OTHER LONG-TERM DEBT 8,173,101 - -100.0% - #DIvo! - #DIV/OIl #DIVIO! HOWAO! #DIVIOL #DIVI0
TOTAL LONG-TERM DEBT 39,991,232 38,263,410 43% 38263410 00% _ 56102482 _ 486% 36,489,158 -350% 34,603,702  -51% 54,357,110  67.1% 52484872  -3.4%|
OTHER NONCURRENT LIABILITIES 30,961,803 36,473,642 17.8% 32,450,125  -11.0% 29,744,143  -8.3% 32/885,815  10.5% -8.2% 727,505,362 | 24gH9:951 0%
TOTAL LIABILITIES - 103,920,054 04,671,164 AATTANT. N 3,820,548
FUND BALANCE 128,505,482 149,204,916 16.1% 139,864,766 -6.3% 153,106,567 9.5% 189,909,191 12:0% 8.9% 88% 2161130919 78%

CON Table 4_ BALANCE SHEET_updated
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PROJECT NAME
Balance Sheet
PROJECT ONLY
2015 2018 2016 2017 2017 2018 2019 2020
% % Proposed Year % Proposed Year % Proposed Year %
Actual % ch Projecti % change Budget change Projected change 1 change 2 change 3 change
ASSETS
CURRENT ASSETS
CASH & INVESTMENTS #DIV/O! #DIV/O! #DIV/0! #DIV/O! (1,682,858) #OIvV/Ol (2,891,087  70.8% (2,910,749) 0.7%
PATIENT ACCOUNTS RECEIVABLE, GROSS #DIVIO! #DIV/Ot #DIV/O! #DIV/O! #DIV/0! ! ) - #DIV/O!
LESS: ALLOWANCE FOR UNCOLLECTIBLE ACCTS #DIv/0! #DIVIO! #DIv/o! #DIV/O! #__Di\_fa‘ﬂl #DIV/OI
DUE FROM THIRD PARTIES #DIV/0! #DIV/O! #DIV/0! #DIV/O! #0Iv/Ol #DIV/OI
OTHER CURRENT ASSETS #DIV/O! #DIVIO! #DIV/0! #OIV/O! HOIVIOI #DIV/O! #DIVIO!
TOTAL CURRENT ASSETS - HDIVIO! - #DIOT - #DI0! 0 _#DIVIO! (1,692,958) #DIV/AOI (2,891,067)  70.8% {2,810,748) 0.7%]
|BOARD DESIGNATED ASSETS
FUNDED DEPRECIATION #0OIVIO! #DIV/O! #DIv/0! #DIV/0! #DIV/OI . #DIV/O!
ESCROWED BOND FUNDS #DIV/O! #DIV/O! #DIV/0! #OM01 ;ﬂDlVIQl . #OHv/01
OTHER #DIVIO! #DIvio! #DIV/0! #DIV/O! SHOIV/OL - #DIv/0!
TOTAL BOARD DESIGNATED ASSETS - #DIVIO! - 4DIVIO! - HDIVID! 0 _#Divio - HOIWIOL - HOIVIO!
PROPERTY, FLANT, AND EQUIPMENT
LAND, BUILDINGS & IMPROVEMENTS #DIV/O! #DIV/O! #DIV/0I = HDIV/0! R o\ 1,615,664 - #DIVIDI 1,615,664 0.0%,
CONSTRUCTION IN PROGRESS #DIv/0! #DIV/O! #DIV/O! "#DIWOI 1,677,968  #DIV/Ol e i =100.0% #DN{UI
MAJOR MOVABLE EQUIPMENT #DIv/0! #DIV/O! #DIV/O! -H#DIVIOI o © #DIV/O 1,224,932 #DIVIOl 1,224,932 0.0%
FIXED EQUIPMENT #DIV/0! #DIv/o! #DIV/O! SHOWVIO0] - #DIv/o! L o A #DIV/O #OWO!
TOTAL PROPERTY, PLANT AND EQUIPMENT - #DIvi0! - #DIVI0! - #OIWI 0 _#HOIVO! 1,677,858  #DIV/OI 2,840,696 69.3% 2,840,586 0.0%)
LESS: ACCUMULATED DEPRECIATION
LAND, BUILDINGS & IMPROVEMENTS #DIV/O! #DIV/0! #DIV/Q! #DIVIOI “HOIVIOI g ((51.095): #DIV/0) (153,295) . 200.0%
EQUIPMENT - FIXED #DIV/O! #DIV/0O! #DIV/O! #OIVO! #DIW/aL - i #DIVIOY ! #OIVIO|
EQUIPMENT - MAJOR MOVEABLE #DIvio! #Div/0! #DIV/0! HOIVO! #DIVIo! (104,082) #DIviO!l- {312,188) - 200.0%|
TOTAL ACCUMULATED DEPRECIATION - #Divia! - #OIVIO! - HOIWA! - #HDIVIO! - #Div/o! (165160} #DIVIO) (465,481
TOTAL PROPERTY, PLANT AND EQUIPMENT, NET - HDIVIOH #OIV/O! - H#DIVA O #DIVIOI 1,677,858  #0IVIOI 2685436 60.0% 2375116 -11.6%
OTHER LONG-TERM ASSETS #DIv/o! #DIV/0! #DIV/0I #DIVIOI H#OWIO! A0/ H#DIVIOI
TOTAL ASSETS . HDIVIOL Tt - HWDIVIOY - #DIV/0I - HDIVOL (15,000) #DIV/O!
LIABILITIES AND FUND BALANCE
CURRENT LIABILITIES
ACCOUNTS PAYABLE #DIV/0! #DIV/0! #DIV/O! #HOIW #DIV/OI #OIVIOL #HOIVIOY
SALARIES, WAGES AND PAYROLL TAXES PAYABLE #DIV/0! #DIv/o! #DIV/0! HOIVIO #DIVIOL #D\Wﬂl #DIVI!
ESTIMATED THIRD-PARTY SETTLEMENTS #DIV/O! #DIv/o! #DIV/0! #DIvo! #DIV/O! qm\_ﬂor HDIVIO!
OTHER CURRENT LIABILITIES #DIV/0! #DIV/0! #DIV/O! #oiv/o! #DIViol #DIVIO! #HovI!
CURRENT PORTION OF LONG-TERM DEBT #DIV/O! #DIV/O! #DIV/OI #Diviol #Div/ol #DIVIOI #OIviol
TOTAL CURRENT LIABILITIES - #Diviol - #DIVIO! - HDIV/O! - #OIVIO! - #DIv/0! - HOIV/O! - #OIVIOL
LONG-TERM DEBT ——
BONDS & MORTGAGES PAYABLE #DIV/O! #DIV/O! #DIV/O! #DIviot #Div/0l #DIVAOI A0
CAPITAL LEASE OBLIGATIONS #DIV/0! #DIV/OI #DIV/O! #D_l\l’;p? #OIV/O! #DIVIOI #DIVION
OTHER LONG-TERM DEBT #DIV/O! #DIV/OI #DIV/O) #OWO! #DIV/O! #DIvio! L]
[TOTAL LONG-TERM DEBT - #DIVIO - HDIVION - #OIVIO - #DIVIO! il #DIviOL - #Divio - #Diviol
OTHER NONCURRENT LIABILITIES #DIVIO! #DIV/O! #DIV/O! #DWVIOI #DIV/OI #DIVI0 HDIVIOL
TOTAL LIABILITIES - (#DIVIDL 7 - #Diviol - #DIVIO - #HDIVO! - #DWIO] - _#DIV/OI - #DWI0L
FUND BALANCE #DIV/O| #DIV/O! #DIV/0l HOIVIOI (15,000 : #DIVID} (205,631) 1270.9% (535,634)  180.5%

CON Table 4_ BALANCE SHEET_updated



RUTLAND REGIONAL MEDICAL CENTER

[ToTAL LIABILITIES AND FUND BALANCE - - #DIVi! - HDIV/OI - #DIV/OE - ROIVIOI (15,000) #DIVIOI (205,631) 1270.9% {535,634) _ 160.5%)
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RUTLAND REGIONAL MEDICAL CENTER

PROJECT NAME
Note: This table requires no "fill-in™ as it is populated automatically

Balance Sheet

WITH PROJECT
2015 2016 2016 2017 2,017 2,018 2,019 2,020
% % % % Proposed Year % Proposed Year % Proposed Year %
Actual Budget change Projection change Budget change Projected change 1 change 2 change 3 change
ASSETS
CURRENT ASSETS
CASH & INVESTMENTS 12,803,315 23.680,313 85.0% 14,561,514 -38.6% 39,503,614 171.5% 15,386,482 -61.1% 12,883,183 -16.3% 10,702,063 -16.9% 11,561,034 8.0%
PATIENT ACCOUNTS RECEIVABLE, GROSS 65,671,511 66,814,488 1.7% 65,671,511 -1.7% 65,671,511 0.0% 67,802,702 3.2% 67,802,702  -0.0% ‘67,802,702 - 0.0% 'B?.SQZ;?DZ 0.0%
LESS: ALLOWANCE FOR UNCOLLECTIBLE ACCTS (45,002,495)  (42,592,168) 54%  (45,002,495) 57%  (45,002,495) 0.0% (45270,950) 06%: (45270,850) . 0.0% . (45270,950) | 0.0%  (45,270,950) 0.0%
DUE FROM THIRD PARTIES - . #DIVIO! 5,167,469  #Div/O! 5,167,469 0.0% 5,260,001 -1.8% ! ;v5,260‘001 2L 0.0% --5,260,001 . 0.0% 5,260,001 0.0%
OTHER CURRENT ASSETS 9,722,463 12,708,659 30.7% 9,722,483 -23,5% 9,722,463 0.0% 10,694,250 .8.0%- 10,594,250 - 0.0% -10,594,250 0.0% 10,694,250 Q.0%
TOTAL CURRENT ASSETS 43,194,794 60,608,292 40.3% 50,110,462  -173% 75,082,562 49.8% 53,772485  -28.4% 51,269,185 -4.7% 49,088,068 -4.3% 49,947 037 1.7%
BOARD DESIGNATED ASSETS #DIV/0! #DIV/O! ) ! v [LLs . =
FUNDED DEPRECIATION 61,639,087 114,778,672 86.2% 105,706,228 -7.9% 112,843,141 6.8% 120,526,972 6.8% 128,432,348 74% 138337720 . 6.9%
ESCROWED BOND FUNDS 1.022,845 1,422,845 39.1% - -100.0% - #DIViO! - HOWO! = #DNVIE - #DIVID)
OTHER 43,561,026 - -100.0% 5997925 #DIV/O! 5,997,925 0.0% 6,201,912 3.4% 6,201,912 0.0% - 6,201,912 --0.0%
|TOTAL BOARD DESIGNATED ASSETS 106,222,958 116,201,517 9.4% 111,704,153 -3.9% 118.841.066 6.4% 126,728,884 6.6% 135,634,258 7.0% 144,639,632 B.8% 153,445,008 8.2%)
[PROPERTY, PLANT, AND EQUIPMENT
LAND, BUILDINGS & IMPROVEMENTS 88,638,887 84,993,447 -4.1% 88,638,887 4.3% 80,638,887 0.0% 102,633,484 -15.8% -0.0% - 104,249,148 1.6% . 104,249,148 - 0.0%
CONSTRUCTION IN PROGRESS 2,197,239 3,161,464 43.9% 2,197,239 -30,5% 2,197,239 0.0% 3,422,903 55.8% 0% 3.422,9_93 -'92,9“’/? ) 3,422/993 ° 0.0%
MAJOR MOVABLE EQUIPMENT 96,681658 106,192,364 98% 113,784,698 71% 123,638,698 87% 119,875,161 " :3.0% 13520 12,8% 175,117,044 29.5%  192,117,844... 8.7%)
FIXED EQUIPMENT 29,597,080 30,016,498 1.4% 29,597,080 -1.4% 29,597,080 0.0% 33450193 1 13.0% - 33,456/19 "0.0%- 33,456,193 ° 0.0% 133,456,193 0.0%
TOTAL PROPERTY, PLANT AND EQUIPMENT 217,114,854 224,363,773 3.3% 234,217 804 4.4% 244,071,904 4.2% 259,387,831 6.3% 276,391,571 86% 316,246,278 14.4% 333,246,278 5.4%)
LESS: ACCUMULATED DEPRECIATION
LAND, BUILDINGS & IMPROVEMENTS (44,966,451)  (49,171,122) 9.4%  (44,966,451)  -B.6%  (44,966,451) 0.0% .:(53,095223) 18.1% . .(63,095223) - . 0.0%  (63,146,321)  01%  (53,248518) . 0.2%
EQUIPMENT - FIXED (22,872,018)  (23,795,284) 40%  (22872018)  -38%  (22.872,018)  00% :.(24,755860)  82%  (24,755689)"- . 0.0%  (24,755680)  0.0% (24755688)  0.0%
EQUIPMENT - MAJOR MOVEABLE (75,558,526) (84,163,3265) 11.4% (89,252,694) 6.0% (102,414,382) 14.7% . (96,218871) -6.0%  (108,94B,835) . :132%  (123;113,039)  13.0% (139,860805):  13.6%
TOTAL ACCUMULATED DEPRECIATION (143,308,998)  (157,129,731) 9.6%  (157,091.163) 0.0%  (170,252,851) 8.4%  (174,088,583) 2.2%  (188,787,747) 7.3% _ (201,015,049) 7.68%  (217,885012) B.4%
TOTAL PROPERTY, PLANT AND EQUIPMENT, NET 73.717.888 67,234,042 -B.8% 77126741 14.7% 73,819,053 -4.3% 85318248 15.8% 89,593,824 50% 115231228  286% 115381286 0.1%)
QTHER LONG-TERM ASSETS 9,289,915 9,834,219 5.9% 4,122,446 -58.1% 4,122,446 0.0% - 5266689 T 0.0% 5,266,689 0.0%:. - 5,266,688 0.0%
TOTAL ASSETS 2 232,425,636 253,876,070 9.2% 243,063,802 271,845,127 271,088,308 3.9% 314,125,816 11.5% 924,039,998 3.2%

LIABILITIES AND FUND BALANCE

CURRENT LIABILITIES

ACCOUNTS PAYABLE 2,818,604 4,265,502 51,3% 5442168  276% 5,442,168 0.0% 4443386  -18.4% 4,443,368 0.0%: 4,443,368 0.0% 4,443,368 0.0%
SALARIES, WAGES AND PAYROLL TAXES PAYABLE 9,311,259 9,749,853 4.7% 10,113,344 37% 10,113,344 0.0% 11,234,778 111% 11,234,778 0.0% 11,234,778 0.,0% 11,234,778 0.0%
ESTIMATED THIRD-PARTY SETTLEMENTS 8,592,533 7,847,454 8.7% 8,592,533 9.5% 8,592,533 0.0% 9,182,712 6.5%" 9,152,712 0.0% 8,162,712 0.0% 9,152,742 10.0%
OTHER CURRENT LIABILITIES 9,961,273 6,199,500  -37.8% 6,610,233 6.6% 6,610,517 0.0% 5218268  -2111% 5,192,502 -0.5% 5,188,659 01% 5,145,715 -0,8%
CURRENT PORTION OF LONG-TERM DEBT 2,283,260 1871793  -18.0% 1,727,223 7.7% 2,133,373  23.5% . 1,785,007 -159% 1,885,452 3.9% 1,938,661 3i9% 1113320 -42.6%
{TOTAL CURRENT LIABILITIES 32,967,018 29,834,102 02% 32,485,501 B.5% 32,891,935 1.3% 31,842,148 -3:2% 31,888,810 0:1% 31,858,076 0.2% 31,089,891 29%
LONG-TERM DEBT ) ) )
BONDS & MORTGAGES PAYABLE 31,818,131 38,263,410 20.3% 38,263,410 0.0% 66,102,482  46.6% 36,469,153  -36.0% 34,603,702 -5:1% 54,357,110  57.1% 52,484,872 -34%
CAPITAL LEASE OBLIGATIONS . - #DIV/0I . #DIV/O! - HDIV/O} C= HDIVOL, L #DIVIOK - #DIVIO) . #DIV/oi
OTHER LONG-TERM DEBT 9,173,101 - -100,0% - #DIV/Q! - #DIV/O! Loe o, HDIVION b, - #DIv/0l - #0Iv/ol - #HOIVIO!
TOTAL LONG-TERM DEBT 35,991,232 36,263,410 -4.3% 38,263,410 0.0% 56,102,482  466% 36,469,153  -35.0% 34,603,702 5:1% 54357110 57.1% 52,484,872 3.4%
OTHER NONCURRENT LIABILITIES 30,961,803 36,473,642 17.8% 32,450,125  -11,0% 29,744,143 -8.3% 32,665,815 10.5% 30,183,617, 82% 27,505,362 -80% 24869951 0.6%
TOTAL LIABILITIES y : gszo!'un 104,871,154 0.7% 103,199,036 -14% 118,738,560 15.1%  101177,117  -1418% .9&3?%-!2‘9"' i
FUND BALANCE 128,505,482 149,204,916 16.1% 139,864,766 -6.3% 153,108,567 9.5% 169,909,191  110%. 185,087,830 89% 200,305,089 82% 215595285 T.6%)
TOTAL LIASILITIES AND FUND BALANCE 232,425,538 253,875 4.3% 27845127 118% 271,086,308 -0.3%  281,763,95 9% 314125816 11.5% 324,035,998 3.2%]|
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RUTLAND REGIONAL MEDICAL CENTER

NUCLEAR MEDICINE
PAYER REVENUE REPORT
WITHOUT PROJECT
2015 2016 2016 2017 2017 2018 2019 2020
Actual Budget % change Budget 201 % chango Budget % change Projection % change Proposed Year1 % ¢hange Proposed Year 2 % change Proposed Year3 % changa
Commaercial
Hospital 143,051,821 147 443,985 3.1% 147,443,985 00% 139,409,330 54% 151,404,214 B8.7% 156,967 020 3.6% 187,008 420 6.4% 178,055,335 6.6%
Physician 12,072,341 22’%4 3512 B4.3% 22,243,512 0.0% 22,089 924 <0.7% 28,243 108 32.4% 30,683 56% 33,353&% B.4% 35,032,120 5.6%
Tolal Revenue 1551241 169,687 457 DA% 168,687 487 0.0% 161,469,254 -4 B% 180,731,322 11.8% 187 850,040 16.3% 199,867,077 GA% 213,087 455 6.6%:
Allowances - Hospital -18,370,485 -18,391,078 0.1% -1B,391,078 0.0% -14,221,966 -22.7% (24,824 .485) 74.6% (25352171} 24% (27,672,109 12% {30,265,808) A%
Allowances - Physicians -8,188,378 -13,044,557 59.3% 13,044,557 0.0% -10,904 655 -16.4% (11,644,708) 6.8% (12,288,782} 58% (13,424,235) 92% (14,682 485) S4%,
Free Care 4,167,120 -5,627,667 35.0% 5,627,667 0.0% -3.569.908 -36.6% (5.885228) 64.9% (6,121,719} 4,0% (8.512,943) 64% (6.943,748) 6.6%,
Bad Debl 5,520,207 -B.337.141 51.0% 8,337 141 0.0% 5,526,802 -20.5% 104,274 23.0% {5,308, i _0.04018378 5,040,416 B4% 023,101 G.6%
Net Payer Revenue 118,877 887 % ; 0.0% 1% B 7 5T
Medicaid
Hospital 83,500,394 86,096,610 3.0% 86,098,610 0.0% 81.894,694 -4.9% 68,511,396 -15.1% 72,182,714 3.8% 76,800,343 6.4% 81,880,368 6.0%:
Physician 12,286 675 13,841,441 13.4% 13841441 0.0% 14,755,924 58% 154683,191 4.8% 16,324,134 56% 17,368,412 6.4% 13,?17 260 6.6%
Tatal Revenuo 95,867 069 100,040,051 4.3% 100,040,051 0.0% #6,650,61 -34% 84,874 587 2% BE,506,848 A42% 96,168,735 GA% 100,397, 6.6%
(Allewiinces - Hospital 60,388,738 -55,586,225 -8.0% -55,586,225 0.0% -59,357 279 6.8% (48,176,023) -17.2% (51,874 244) 5.5% (56,621,175) 9.2% (61,926,263) 9.4%
Allowancos - Physicians -7,450,344 -9,105.508 222% -8,105,509 0.0% -9.044,966 07% (11,108,756} 22.8% (11,943 660) T.5% (13,036,608) 9.2% (14,258,523) . B.4%
Free Care Q ¢ #DIvo! 0 #DIV/O|
Bad Debt Q 0 #DIV/O! 0 #DN/OI
Grad Medical ion P Phys, 0 0 #DIv/O! 0 #DIV/O!
d Medical Education P Hosp [} 0 ®DnoE 0__ e
Nel Payer Revenue m%?. W‘ % _0.0%
Medicare
Hespital 225,871,332 218,203,115 -3.4% 218,203,115 0.0% 216,504,489 -08% . 214,204,322 -1.0% 222519471 38% 236,754,057 BA% 252,414,355 665
Physician 16.511,949 22,501,462 36.3% 22,501.462 0.0% 26,261,977 16.7% - .:30421.185 15.8%: 32,061,042 54% 34,112 88/ BAY% z 22 8.6%
Total Revenue 242,383,281 240,704,577 -0.7% 240,704,577 0.0% 242,766,466 0.9% 244,715,507 0.8% 254,581,413 4.0% 270,867,046 6.A4% REEREL] . 1
#OIO! #DIV/0!
Al - Hospital -154,393.417 -155,354,898 0.6% -155,354,898 0.0% -139,901,628 -9.9% (141,436,42Q) 1.1% (147,743,347) 4.5% (181,262,368) 92% (176,377,345) . 6.4%
- Physici -11,163,258 -15,806,034 42.5% -15,906,024 0.0% -19,598,459 232% (21,723,769} . 10.8% (23,327,227) 4% (25461.561) 9.2% :/(27,848,066) 9.4%.
Free Care 0 0 #DIV/O! 0 #DIV/! 0 HDIV/O! - #DviOl #DIVO! #DIV/O! #0ivio!
Boad Debt BOVIOL
Mat Payer Revenue A B Lk
Disproponi Share Pay 4,576,163 4,169,146 -8.9% 4,168,146 0.0% 5,724,870 37.3% 5,724,870 0.0% 4,579,237 -20.0% 4,837,858 5.6% 5,002,345 345
Total Payer Revenue
Hospital 452,513,547 451,745,710 -0.2% 451,745.710 0.0% 437 608513 -3.1% 435.209,932 -0.6% 451,669,205 3.8% 480,562,820 6.4% 512350057 66%
Physician 40,880,865 S8.686415 436% 58686415 0.0% 63,107 825 1.5% 75,127,484 19.0% 76,269,102 55% B4 340,058 BA% 59,918 B0 6.6%)
Teolal Revenue 493,384,512 510432125 357 510,432,125 0.0% 500916238 -1.8% 510427476 1.8% 530,838,307 A0% 564,902,578 6A% 502 268,860 B.6%
fi = Hospital -233,152,640 -229,332.201 -16% -229,332,201 0.0% -213,480,870 -6.9% (215,437,808) 0.9% (224,969,485) 4.4% (245,556,091) 92% (268,571,999} 9.4%
A, ~ Physici: -26.801.981 -38,056,100 42.0% -38,056,100 0.0% -39,548,080 3.9% (44,477,233) 12.5% (47,569.879) 7.0% (51,922 ,401) 9.2% (56,789,075) 9.4%
Free Care -4,167.120 -5627 667 35.0% -5,627,667 00% -3,569,508 -36.6% (5,885,228) 64.9% (6,121,719) 4.0% {6,512,943) 6.4% (6,943,748) 6.6%,
Bad Debt -5,520,297 -8,337.141 51.0% -8,337,141 0.0% -6,626,902 -20.5% (5,104,274) -23.0% (5,309.383) 0.04018378 (5.649.418) 6.4% (6.023,101) B.6%)
Dis i Share P 4.576.163 4,169,146 -8.9% 4,169,146 0.0% 5,724 870 37.3% 5,724,870 0.0% 4,579,237 -200% 4,837,858 5.6% 5.002,345 J.4%]
Medical ion P: ts Phys. a 0 #Dlvi! 0 AV 0 #DIV/O! #DIV/0! #DIVIO! #DIVIO! #DIV/0!
d Medical ion P Hosp ] 0 sl 4 sohviol _ D #Diviol _ _ *DMQF i LI #DIVI c u'a_l'_wu!
Net Payer Revenue 228,328,657 233,248,162 2.2% 233,248,162 0.0% 243415448 4.4% 245,247,743 0.8% 161,847,278 28% 260,039,885 268,943,282 - 34%
i e i — % — 7% —
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RUTLAND REGIONAL MEDICAL CENTER

NUCLEAR MEDICINE |
PAYER REVENUE REPORT
PROJECT ONLY
2015 2016 2016 2017 2017 2018 2019 2020
Actual Budget % change Budget 201 % change Budget % change Proposed Year1 % change Proposed Year 1 % change Proposed Year 2 % ¢hange Proposed Year 3 % change
Commercial
Hospital #DIV/O! HOWV/OI #DIv/o! #DIV/D! #DIV/OL HOWID! #DIV/0!
Phiysician A0 ARG #OIWVID! #DAVA! w0 HOTHOI #ono!
Tolal Revenue HONG! A0V (s v] ~ ®OND! — HDNIOT - wDivil - sowvo |
Allowanceos - Hospilat #D1v/o! #DIV/IO! #DIV/0! #DIVID) #DOWIO! #DIV/0! #DIV/O!
Allewiances - Physicians #0Ivi0! #DIV/IO! #DIV/0! WO #DIVAO| “#DIV/OI #DIviotl
Free Care #DIV/0! HDVD! w0l
Bsd Debl HDIVID! HDIVAL ¢ HDIVAL
Net Payer Revenue = HONN0! ] HDN/O! - ___HDIVIO! e HOTVID] e FOIVAOE . SOV
BDIVIO! Ll BRIV Lael HONVR LI #DIVio!
Madicald
Hospial #OWVI0! #DIViO! #DIVIO! HDIV/OI #DIVIO! #DIV/O) #DIV/O!
Prysician #OIV/0! #DIV/I0! WOV KOO #DVAI ROV
Total Revenue v T HOWO! Vo] = WO - #ONO! . ﬁ%ﬁ! . :’g!“:%:“
Allowances - Hospital #DIV/0! #OWia! #OIVI! #DIV/O! #OIvio! #OINO! #DIVIO)
Allowances - Physicians #DIV/0! HDIVIO! #DIV/0! HDIVIOI HOWIOL FDWI0H DIV
Free Care #DIV/O! HOIV/O! Eeh ]
Bad Debt #DIV/0! HDIV/O - #ON/0! :
Graduats Medical ion P _Phys. #DIV/0! HDIVIO! #OIV/O! HDIV/0 #OIVIO! #DIVIO! #DIVDI
Grodt Medical E: ion F Hosp HOIVAL #D00| #DMIO HDW! O #DWiDL iﬂm}
MNet Payer Revenug KDL S A0 ] = - WDIVAI . #ONDI MDA} -
#OIVIO! HOINVA #Dio! LaLvi #ONDI #Divio! HDIO!
Medicare
Hospital #DIV/0! #DIV/OI #DIV/ON WO/ #DIV/0| #DIVO! O
Physician RO #OND! HONAD! WDVl : #DW/0! * #DNIOE #0ivio
Total Revanue OVt HDIVIO] WOIVID! - HDivi! - HDIV/0! - H#DIVID! - #0ivimt
#DWV/0! #Divio!
Allewancos - Hospital #DIV/0! HDIV/O! #DIVIO! Ao Lol ] #OMOT #OMID!
(Aligwancos - Physicians #OIV/0! HDIVIO! #DIVIO! WDV RO HDIVIO) #DIViol
Free Care #OIV/D! WOV} #DIVI0)
Bad Debt HOND BV D0
Net Payer Revenue #DIV! = #OIIO| #DIV/O) - #DINAI e - #ON0! = mwg =R #OMOL
#DIVID! #DIVD! EDIVID! w0V #DVAL abiv! BDIVID!
Disproponti Share Pay #DIV/0) #DIV/O! #DIV/D! #DW #DVIO! . #DIV/0I o #DIVIOL-
Total Payer Revenue
Hospital WDIV/0! #DIViD! #DIV/O! #DIV/0) #DIV/O! #DIV/O! #DIVIOY
|Physician WOV HOMID! ADID! #OID! BRI WD #OMD
‘Total Revenue WOIVIo! #DIVIOT [T - #Onm! = WO < WO = #Dol
Allowances - Hospital #DIV/0! #OIVIO! #DIV/0! #DIV/0! #DIV/IO! #DIvio #DIV/O!
Allowances - Physicians #owro! #HDIV/O! #OIV/O! #DIVIO) #DIv/0! #DIVIO! #DIV/O!
Ftae Care HOIV/0! #DIV/O! #DIv/0! #DIV/O] #DIV/O! #DIVIO! #DIV/O!
Bad Debt #DIV/0! #DIVIO! #DIV/O! #DIV/O! #DIV/0! #DIVIOI #DIVIO!
|Disproportionate Share Payments #DIV/O! #DIVi0! #DIVIO! #DIV/O! #DIV/O! #DIV/IO! #OIV/O!
Medical ion P _Phys. #OWI #DIVID! #DIV/O! #DIvio! #DIV/O! #DIVIO! #OWV/
d Medical ion F Hosp HDIVIO! #DIVD! L] #DIVIO! HOIVD! BV LI
Net Payer Revenue i HDIVI! HOIVIOL ; _#DIVID! - WDivigl - konO R ] ____-  Howviol |
HOW0] ADIVA OVl #DNIO! HOWA! #0Ii0! AOVI!
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RUTLAND REGIONAL MEDICAL CENTER

NUCLEAR MEDICINE
Note: This table requires no "fill-in" as it is populated automatically
PAYER REVENUE REPORT
WITH PROJECT
2015 2016 2016 2017 2017 2018 2019 2020
Aclual Budget % change Budget 201 % change Budget % change Proposed Year1 % change  Proposed Year 1 % change Proposed Year 2 % change Proposed Yoar 3 % change
Commercial
Hospital 143,051,821 147,443,985 3.1% 147 443 985 0.0% 139,409,330 -5.4% 151,494,214 8.7% 156,967,020 3.86% 167,008,420 8.4% 178,055.335 B.6%,
Physician 12072341 22243512 84.3% 3512 0.0% 22,089,524 0.1 26,243 108 245 30,883 026 S6% 32 858 656 BA% 35, 012,1§_0 5.6%
Total Revenue 155,124,162 169,687 457 A% 169,887 487 0.0% 167.496,254 -4.8% 180,737,322 11.6% 187.850,046 16.2% 169,867,077 G.4% 213.087.455 [T
= Hospital -18,370,485 -18,391,078 0.1% -18,391,078 0.0% (14,221,966) -22.7% (24,824 465) 74.6% (25,352,171) 2.1% (27,672,109) 9.2% (30,265,808) 9.4%
Al - Physici -8.188,378 -13,044,557 59.3% -13,044,557 0.0% (10,904,655) -16.4% (11,644,708) 6.8% (12,298,792) 5.6% (13,424 235) 9.2% (14,682,485) B.4%
Free Care -4,167.120 -5,627 667 35.0% 5,627,667 0.0% (3,569,908) -36.6% (5,885,228} 84.9% (6,121,719) 4.0% (6,512,943) 6.4% (6,943,748 6.6%
Bad Debt 5520257 8,337,141 51.0% -B,337 141 0.0% __{56,626.602) -20.5% {5,104, 274) -23.0% (5,309.383) ODAO01B3TE (5549.418) 6.4% (8,023,101) G455
Nol Payer Revenue “118,877 882 |w 6% 124.287|054 0.0% |28'|25823 1.5%: 133278647 5.& 138 767,981 41% |£@é znl 8,73_6 156(!?2&12 < Sﬁl
77% T3% 3% 8% T4% Ta% 3% 73%
Medicaid
| Houpinl 83,590,394 86,098,610 3.0% 86,098,610 Q.0% 81,894,694 -4.9% 69,511,396 -151% 72,182,714 3.8% 76,800,343 64% 81,880,368 6.6%
Phiysician 12286675 13,841,447 13.4% 13,841 441 DO% 14,755 824 58% 15,463,191 4.8% 16,324,134 56% 17368412 64% 18,517,260 B.6%
Tolal Ravenue B5,8B7.069 100,040,051 A4.3% 100,040,051 0.0% 85650618 =3.4% B4 574 587 BFALT m 4% B4.768.75 6.4% 100,357 628 66
Allowances - Hospilal -60,388,738 -55,586,225 -8.0% -95,586,225 0.0% (59,357,279) 6.8% (49,176,923) -17.2% (51,874,244) 5.5% {56.621,175) 92% (61,928,263) A%
Allowances - Physicians -7.450,344 -9,105,509 222% 9,105,509 0.0% (9,044,966) 0.7% {11,108,756) 228% (11,943,660) 7.5% (13.036,606) 92% (14.258,523) DA%
Free Cale o 0 #DIV/O! 0 ®oww! - #DIVID! #DIV/0I - #DIV/O! - HDIV/O! - #DIV/O!
Bad Debl 1] 0 HOIV/O! ¢ #DW/O! - #DIV/ID! - #HDIV/OI - #OIV/O! - #DIV/O! - #DIVIO!
Graduate Medical Education Payments_Phys, o 0 #DIVIO! ¢ #DW/O! - #DIV/Q! = #Div/io - L HOVAL - #DIVID! - #DIVIO!
(Graduate Medical Education Payments-Hosp 1] 0 aoive! 0 #Divial . #ov0! - DN - #DVR) - 0oL - DIV
Net Payer Revenue 20&?.93? w 2.0% W_ 0.0% gmg? -1221!& 24&8&! -12.6% 24 688,844 0. zagin',m -0.7% 24,210, 6_41 -
. 2% 5% 5% 28% 20% 26% 26% 24%
Medicare
Hospital 225,871,332 218,203,115 -3.4% 218,203,115 0.0% 216,504,489 -0.8% 214,294,322 -1.0% 222,519.471 3.8% 236,754,057 6.4% 252,414,355
Physician 16,511,949 22,501 462 38.3% 22,501 462 0.0% 26,261,977 16.7% 30,421,185 15.8% 3%.001.9‘2 54% 34,112,985 &4t
Tolal Revenue 242,383 281 240,704,577 0,7% 240,704 5 0.0% 242,765,456 0.5% 244,715, B 254,581 41 4.0% 210,857,046 BA% 1
: #DIVIO! #DIV/O!
|Aliowanees - Hospital -154,393,417 -155,354,898 06% -155,354,898 0.0% (139,801,625) -9.9% {141,436 ,420) 1.1% (147,743,347} A4.5% (161,262,368) 92% (176,377,345) 8.4%
|Allowances - Physicians -11,163,259 ~15,906,034 42.5% -15,906,034 0.0% (19,598,459) 232% (21,723,769) - 10.8% {23,327,227) 7.4% (25.461,561) 21% (27,848,066) 9.4%
Frea Care )] 0 #DIv/O! 0 #DIVIO! #DIV/O! - #DNIOI - WDV - #DIV/O! - #DIV/O!
Bad Debt 0 0 #0na! 0 sovio - #DV! - #OWNE - #owol - VIO - #RD!
Nt Payer Revenue 76,826 605 63443 645 -8.6% : 0.0%" 83,266,352 ,16.9% 81,555,318 -2.1% 83,510,830 2.4% 04143118 0.8%. 84,558 3067 0.5%|
2% 20% e 34% 3% 3% nw%
Disproporti Share Pay 4,576,163 4,169,146 -8.9% 4,169,146 0.0% 5,724,870 37.3% 5,724,870 0.0% 4,579,237 -20.0% 4,837,858 5.6% 5,002,345 34%
Total Payer Revenue
Hospital 452,513,547 451,745,710 -0.2% 451,745,710 0.0% 437,808,513 -3.1% 435,299,932 -0.6% 451,669,205 3.8% 480,562,820 6.4% 512,350,057 B.6%)
Physician 40,880 965 58686415 43 6% 58685415 0.0% 53,107 B25 T.5% 75,127 484 18.0% 79,269,102 5.5% 84,340,058 6.4% 8,918,803 B.65%
Tolal Revenue 493,394,512 510,432,125 3.5% 510,432,1 0.0% 500,016,338 -1.9% 510,427,416 1.5% 530,938,307 4.0% 564,502,878 GA% 268, 6.6%
Allowances - Hospital -233,152 640 -229,332,201 -1.6% -229,332201 00% (213,480,870) B6.9% {215,437 808) 09% (224,969,485) 4.4% (245,556,091) 82% {268,571,999) B.4%
Allewances - Physicians 26,801,861 -38,056,100 42.0% -38,056,100 0.0% (39,548,080) 3.9% (44,477,233) 125% (47,569.679) 7.0% (51.922,401) 9.2% (56,789,075) 2.4%
Froe Care -4,167,120 -5.627 667 35.0% -5,627,667 0.0% (3,569,908) -36.6% (5.885,228) 64.9% (6,121,719) 4.0% (6.512,943) 6.4% (6,943,748) 6.6%
|Bad Debt -5,520,297 -8,337.,141 51.0% -8,337,141 0.0% (6,626,902) -20.5% (5,104,274) -23.0% (5,309,383) 004018378 (5.649,416) 6.4% (6,023,101) 6.6%
|Disproporionate Share Payments 4,576,163 4,169,146 -8.9% 4,169,146 0.0% 5,724,870 37.3% 5,724,870 0.0% 4,579,237 -20.0% 4,837,658 5.6% 5,002,345 34%
| Groduate Medical Educalion Payments_Phys. a 0 #DIV/O! o #0Wv/0! - H#DIVIOY - H#DIV/OY - #DIV/0! #DIVIO! . #OIV/O!
| Gradunla Medical Education P; Hosp 1] 0 &0Vl 0 enDivia . LI - BDIVOE - = HOWL _— ann.r_m - 01V
Net Payer Revenue 2!3.320'.!__!_'{ HS'E'MB';IS!' 2.2% '333&1 62 Ilﬁ 243,415, E B.4%: 245,247,741 II._!li. M}G LB mpms 3.4% 288,8‘3’;&? = 3.4%
45% 46% 46% 49% 48% 47% _45% 45%
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Rutland Regional Medical Center
NUCLEAR MEDICINE
UTILIZATION PROJECTIONS--TABLE 8
WITHOUT PROJECT
2015 2016 2018 2017 Projected Proposed Yr 1 Proposed Yr 2 Proposed Yr3
Actual Bud % chang Actual: % ch Budget Y% change 2017 % change 2018 % change 2019 % change 2020 % change

Inpatient Utilization

Acute Beds (Staffed) 118 118 0.0% 118 0.0% 115 -25% 17 -0.8% 117 1.7% 17 0.0% 117 0.0%)

Acute Admissions 5,941 5,541 6.7% 6,495 17.2% 6,272 -3.4% 6275 . -34% 6,275 - 0.0% 6,275 0.0% 16,278 0.0%:

Acute Patient Days 27,200 27,302 0.4% 30,815 12.9% 29,954 -2.8% 31,627 26% 31,700 5.8% 31,700 0.0% 131,700 0.0%

Acute Average Length Of Stay 4.58 4.93 7.6% 4.74 3.7% 4.78 0.7% 5.04 6.2% 5.05 5.8% 5.05 0.0% 508 0.0%)
(o] ti

All OQutpatient Visits 233,187 231,618 -0.7% 244,330 5.5% 230,700 -5.6% 241961 -1.0% 241389 4.6% 241,389 0.0% 241389 0.0%;

Physician Office Visits - - #OIVIG - HDIVIOL - S0IVI01 #DIVIOl #DIVI0! #OIvIo EDIVIOI
Ancillary

All Operating Room Procedure 4,539 4,990 9.9% 4,885 -2.1% 4,978 1.9% 5037 31% 5037 1.2% 5,087 0.0% 5037 0.0%

All Operating Room Cases B 4,990  #DIVIO! - -100.0% 4,978  #DIV/D! 5037 #DIVIO! 5037 1.2% 5,037 0.0% 5037 0.0%

Emergency Room Visits 34,067 34,467 12% 33,831 -1.8% 31,568 -6.7% 32218 4. 8% 32218 2.1% 32,218 0.0% 32218 0.0%

Cat Scan Procedures 10,711 10,644 -0.6% 11,410 7.2% 10,941 -4.1% 2 31898 4.3% 11900 B.8% 11,800 0.0% 11800 0.0%

Magnetic Resonance Image Exams 4,694 4,472 -4.7% 5,085 13.7% 5,121 0.7% 4981 -2.0% 4881 <2.7% 4,881 0.0% 4581 0.0%,

Nucl Medicine Pr dures 710 635 -10.6% 806 26.9% 730 -9.4% 757 6.1% 757 3.7% 757 0.0% 757 0.0%

Radiology - Diagi ic Procedures 43,492 39,721 -8.7% 43,352 9.1% 39,928 ~7.9% 1377 -27.6% 31377 -21.4% 31,377 0.0% 21377 0.0%]

Lahoratory Tests 505,126 508,366 0.6% 510,930 0.5% 499,627 -2.2% 522573 2.3% 519824 4.0% 519,824 0.0% 519824 0.0%

#OIV/0! #DIv/ol #DIV/O! HDIVIO! #DIV/O! : #DIVI0! #DIV/O)
#OIWIO! ADIVIO! oot #oniol “#Divio! #DIVIO! #0101
Adjusted Admissions 17,208 16,020 -6.9% 17,901 MT7% 17,390 29% 15600 - ) 15556 o =10.5% 15,558 16858 0.0_%
Adjusted Days 78,784 78,935 02% 84,928 7.6% 83,051 22% - 78624 . ;78535 -5.4% 78,535 78535 0.0%]

1 GMCB CON Table 7-UHilization Statislics_updated



Rutland Regional Medical Center

NUCLEAR MEDICINE

UTILIZATION PROJECTIONS--TABLE 8

PROJECT ONLY
2015 2016 2016 2017 Proposed Yr 1 Proposed Yr 1 Proposed Yr 2 Proposed Yr 3
Actual Budget % chang Actual % ch: Budget % change 2017 % change 2018 % change 2018 % change 2020 % changa
Inpatient Utilization
Acute Beds (Staffed) #DIvio! #DIV/0) #DIV/O! #DIV/0! #0DIV/0| BV #DIvio!
Acute Admissions #DIv/0! #DIV/0! #DIV/0! #DIV/IOY #DIV/0| ~#DIV/ol #DIVIo!
Acute Patient Days #DIv/o! #DIV/O! #DIV/IO! #DIVIO) #DIV/OI #Divial #AOVI
Acute Average Lenglh Of Stay #DIv/i0! #DIV/0! #DIV/O #DIVI0I #HDIVIOI #DIVi0l #OIVIOl
OQutpatient
All Cutpatient Visits #DIV/O! #DIV/O! #DIV/0! #DIVIOI #DIV/OI #DIVI0I #DIVi0l
Physician Office Visits #DIV/O! #DIV/0! #DIV/D! Cipivioy ¢ #DIVIO} #DIVI0l #DIVIO!
Ancillary
All Operating Room Procedure #DIv/0! #DIV/i0! #DIV/O! #0IVi0l #OII0! FoIvIo! #DIvior
All Operating Room Cases #DIV/0! #DIVIO! #DIVIQ! #01vio! #Divio! #Divio! WOVl
Emergency Room Visits #DIViO! #DIV/O! #HOIV/O! #DIviol #DIVIoN 200! ADIvIa
Cat Scan Procedures #DIV/O! #DIV/0! #DIviot #DIvion #DIVIO! #DIvio! #DIVIO!
Magnetic Resonance Image Exams #DIV/O! #DIV/0! #DIVIO! #DIv/0) #HOIVI0! #oIVio! : #DIVIO)
Nuclear Medicine Procedures H#DIV/O! #DIVIO! #DIV/O! #DIVID) #Diviol #DIVIO| #0IV/01
Radiology - Diagnostic Procedures #DIV/0! #DIV/IO! #DIV/O! #0io! #DIVIO! #Divio) “HDIVIOL
Laboratory Tests #DIV/O! #DIV/O! #DIviot #0IV/0! HOIVIO! #OIVIOI #DIvion
H#DIV/O! #DIV/O! #DIV/O! #DIV/0! #DIVIO! #DIVIO! #DIV/0!
#DIV/O! #DIV/0! #DIV/Ol #oIvio! #0IVI01 #OIVI0! #DIVI0!
Adjusted Admissions #DIV/O! #DIV/O! #DIV/O} ¥ '#I_JI(VV/OVI ;
Adjusted Days #DIVI0! #DIV/O! #DIVIO) " #Diviol
2 GMCB CON Table 7-Ulilization Statistics_updated



Rutland Regional Medical Center

NUCLEAR MEDICINE

UTILIZATION PROJECTIONS--TABLE 8

Note: This table requires no "fill-in" as it is populated automatically

WITH PROJECT

2015 2016 2016 2017 Proposed Yr 1 Proposed Yr 1 Proposed Yr 2 Proposed Yr 3
Actual Budget % change Actuals % change Budget % change 2017 % change 2018 % change 2019 % change 2020 % change
Inpatient Utilization
Acute Beds {Staffed) 118 118 0.0% 118 0.0% 115 -2.5% 117 -0.8% 117 1.7% 17 0.0% 117 0.0%
Acute Admissions 5,941 5,541 -6.7% 6,495 17.2% 6,272 -3.4% 6,275 -3.4% 6,275 0.0% 6,275 0.0% 6,275 0.0%
Acute Patient Days 27,200 27,302 0.4% 30815 12 9% 29,954 -2.8% 31,627 26% 31,700 58% 31,700 0.0% 31,700 0.0%
Acute Average !.en_g]h Of Stay 4.58 4.93 7.6% 4.74 -3.7% 478 0.7% 5 G.2% 5 5.8% 5 0.0% 5 0.0%
Qutpati
All Outpatient Visits 233,187 231,618 -0.7% 244,330 56% 230,700 -5.6% 241,961 -1.0% 241,389 4.6% 241,389 0.0% 241,389 0.0%
Physician Office Visits - - #DIV/Q! - #DLV/0! - #DIV/O! - #DIV/Q! - #DIV/O! - #DIV/a! - #DIV/0!
Ancillary
All Operating Room Procedure 4,539 4.990 9.9% 4,885 -2.1% 4,978 1.9% 5,037 3.1% 5,037 1.2% 5,037 0.0% 5,037 0.0%
All Operating Room Cases . 4,990  #DIV/O! - -100.0% 4,978  #DIV/O! 5,037  #DIV/O! 5,037 1.2% 5,037 0.0% 5,037 0.0%
Emergency Room Visits 34,067 34,467 1.2% 33,831 -1.8% 31,558 -6.7% 32,218 -4.8% 32,218 21% 32,218 0.0% 32,218 0.0%
Cat Scan Procedures 10,711 10,644 -06% 11,410 7.2% 10,941 -4.1% 11,898 4.3% 11,900 8.8% 11,900 0.0% 11,800 0.0%
Magnetic Resonance Image Exams 4,694 4,472 -4.7% 5,085 13.7% 5,121 0.7% 4,981 -2.0% 4,981 -2.7% 4,981 0.0% 4,981 0.0%
Nuclear Medicine Procedures 710 635 -10.6% 806 26.9% 730 -9.4% 757 -6.1% 757 3.7% 757 0.0% 757 0.0%
Radiology - Diagnostic Procedures 43,492 39,721 -8,7% 43,352 9.1% 39,928 -7.9% 31,377 -27.6% 31,377 -21.4% 31,377 0.0% 31,377 0.0%
Laboratory Tests 505,126 508,366 0.6% 510,930 0.5% 499,627 -2.2% 522,573 2.3% 519,824 4.0% 519,624 0.0% 519,824 0.0%
- - #DIV/O! - #DIV/0! - #DIVIO! #DIV/IO! #DIvro! #DIV/0! #DIV/Q!
= - #DIV/0! = #DIV/0! - #DIVIO! #DIV/O! #DIV/O! #DIVIO! #DIV/0!
Adjl d Statisti
Adjusted Admissions 17,208 16,020 -6.9% 17,901 11.7% 17,390 -2.9% 15,600 -12.9% 15,556 -10.5% 15,558 0.0% 16,558 0.0%,
Adjusted Days 78,784 78,935 0.2% 84,928 7.6% 83,051 -2.2% 78,624 -7.4% 78,535 -5,4% 78,535 0.0% 78,535 0.0%
GMCB CON Table 7-Utilization Statistics_updated




RUTLAND REGIONAL MEDICAL CENTER

NUCLEAR MEDICINE

STAFFING REPORT

WITHOUT PROJECT
Proposed Proposed Proposed
2015 2016 2016 2017 Projected Year 1 Year 2 Year 3
Actual Budget  %change Actuals % change Budget % change 2017 % change 2018 % change 2019 % change 2020 % change
PHYSICIAN FTEs 88.2 93.3 5.8% 68.2 -26.9% 71.0 4.1% 68.5 1.9% 69.4 -2.2% 69.4 0.0% 69.4 0.0%
TRAVELERS 93.0 73.7 -20.8% 91.7 24.5% 7.9 -21.6% 95.5 4.1% 77.8 B.2% 778 0.0% 77.8 0.0%
Residents & Fellows - - #DIVv/0! - #DIV/0! - #DIV/0! #DIV/0l #DIV/0I #DIV/IO! #HOIWO
MLPs - - #DIV/O! - #DIV/0! - #DIV/O! #DIV/0 #DIv/ol #DIVIOI #DIVIO!
Non-MD FTEs 1,165.8 1,191.3 2.2% 1,242.8 4.3% 1,283.8 3.3% 1,270.2 2:2% 1,301.3 1.4% 1,301.3 0.0% 13013 0.0%}
TOTAL NON-MD FTEs 1,165.8 1,191.3 2.2% 1,242.8 4.3% 1,283.8 3.3% 1,270.2 2.2% 1,301.3 1.4% 1,301.3 0.0% 1,301.3 0.0%

Note: Mid-Level Providers and Residents are now included in Non-MD Employees, prior to 2013 Actual they were included in Physician FTEs

STAFFING REPORT

PROJECT ONLY
Proposed Proposed Proposed Proposed
2015 2016 2016 2017 Year 1 Year1 Year 2 Year 3
Actual Budget %change Actuals % change Budget % change 2017 % change - ::2018 % change -~ 2019 % change: : 2020 % change
PHYSICIAN FTEs H#DIVio! #DIV/O! #DIV/O! #DIVIO! #DIVIO! #DIV/OI #OIviol
TRAVELERS #DIVio! #DIVID! #DIVI0! #DIVID! #DIV/0I #DIV/0! #DIV/OI
Residents & Fellows #DIV/0! #DIV/0! #DIV/0! #DIv/ol HODIVIO! #DIVID! i #DIV/0I
MLPs #DIV/0! #DIv/o! #DIV/0! #DIV/0! #HOIVIO! #DIVI0! #DIV/OI
Non-MD FTEs #DIV/0! #DIV/O! #DIviol #DIV/0! #DIVIO! #DIVIOL #oIviol
|TOTAL NON-MD FTEs - - #DIV/0! - #DIV/O! - #DIVID! - #DIV/0! - #DIVIO! - #DIVIO! - #DIV/OI

Note: Mid-Level Providers and Residents are now included in Non-MD Employees, prior to 2013 Actual they were included in Physician FTEs

Mote: This table requires no "fil-in” as it is populaled automatically
STAFFING REPORT

WITH PROJECT
Proposed Proposed Proposed Proposed

2015 2016 2016 2017 Year 1 Year1 Year 2 Year 3

Actual Budget % change Actuals % change Budget % change 2017 % change 2018  %’change 2019 ~ %change = 2020 % change
PHYSICIAN FTEs 88.2 93.3 5.8% 68.2 -26.9% 71.0 4.1% 89.5 1.9% 69.4 -2.2% 69.4 0.0% 894 0.0%
TRAVELERS 93.0 73.7 -20.8% 9.7 24.5% 71.9 -21.6% 95.5 4.1% 77.8 8.2% 718 0.0% 7.8 0.0%
Residents & Fellows - = #DIV/O! - #DIV/O! - #DIV/O! - #DIV/oI - #DIVIo! - #DIVIO! - #DIVIO!
MLPs - - #DIV/0! - #DIV/O! - #DIV/O! - #DIVio - #DIVIO! - #DIVIOY = #DIVIO!
Non-MD FTEs 1.166.8 1,191.3 2.2% 1,242.8 4.3% 1,283.8 3.3% 1,270.2 2.2% 1,301.3 1.4% 18013 0.0% 1,301.3 0.0%
TOTAL NON-MD FTEs 1,165.8 1,191.3 2.2% 1,242.8 4.3% 1,283.8 3.3% 1,270.2 2.2% 1,301.3 1.4% 1,301.3 0.0% 1,301.3 0.0%
Note: Mid-Level Providers and Residents are now included in Non-MD Employees, prior to 2013 Actual they were included in Physician FTEs
5118/2017

CON Table 8-STAFFING REPORT_updated



AMERICAN SOCIETY OF NUCLEAR CARDIOLOGY
POSITION STATEMENT

The initial evaluation of patients presenting to emergency departments with chest pain of suspected
cardiac origin is critical in determining hospital admission or discharge. Clinical evaluation alone has been
unsatisfactory as a complete triage tool in this setting. This has resulted in numerous unnecessary hospital
admissions, as well as unfortunate hospital discharge of patients with coronary artery disease. The situation
has become more critical as hospitals, particularly in large metropolitan centers, are above capacity, resulting
in closing of hospital admitting and emergency departments to critically ill patients. Acute rest myocardial
perfusion imaging has been clearly documented as an extremely useful tool in the evaluation of such patients.
However, uniform standards have been lacking,

This position statement by an American Society of Nuclear Cardiology task force on chest pain centers clearly
demonstrates the value of acute rest myocardial perfusion imaging in the triage of patients with suspected acute
coronary syndromes. The document further elucidates steps necessary for such evaluation and the type of patients
for whom this evaluation is best suited. As such, the document furthers our appreciation of acute rest myocardial

perfusion imaging in the emergency setting.

Gary V. Heller, MD, PhD
President, American Society of Nuclear Cardiology

American Society of Nuclear Cardiology position
statement on radionuclide imaging in patients with
suspected acute ischemic syndromes in the
emergency department or chest pain center

Frans J. Th. Wackers, MD, PhD, Kenneth A. Brown, MD, Gary V. Heller, MD, PhD,
Michael C. Kontos, MD, James L. Tatum, MD, James E. Udelson, MD, and

Jack A. Ziffer, PhD, MD

INTRODUCTION

The American Society of Nuclear Cardiology
(ASNC), founded in 1993, is a professional medical
society whose mission is to foster optimal delivery of
nuclear cardiology services through professional education,
leadership in the establishment of standards and guide-
lines for training and practice, and the promotion of re-
search. ASNC will intermittently publish “position state-
ments,” which reflect the growth of knowledge and

Reprint requests: American Society of Nuclear Cardiology, 9111 Old
Georgetown Rd, Bethesda, MD 20814-1699,

J Nucl Cardiol 2002;9:246-50.

Copyright © 2002 by the American Society of Nuclear Cardiology.

1071-3581/2002/$35.00 + 0 43/1/122630

doi:10.1067/mnc.2002.122630
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evidence in a specific, focused area of the application of
radionuclide imaging techniques for the clinical care of
patients with known or suspected heart disease. Policy/
position statements define the official opinion of ASNC
and are approved or endorsed by the ASNC Board of
Directors. Previous ASNC position statements have in-
cluded statements on electrocardiographic gating of
myocardial perfusion scintigrams,' the clinical rele-
vance of a normal myocardial perfusion scintigraphic
study,? and the value and use of attenuation correction
for single photon emission computed tomography
(SPECT) imaging.’

This position statement will examine the role of
myocardial perfusion imaging (MPI) for use in the carly
evaluation of patients with suspected acute coronary
syndromes (ACS), specifically those who are being



Journal of Nuclear Cardiology
Volume 9, Number 2:246-50

Table 1, NPV of resting MPI for acute Ml in the ED

Wackers et al 247
ASNC position statement

N

Author y N (total) {normal rest MPI) NPV
Varetto et al* 1993 64 34 100%
Hilton et al® 1994 102 70 99%
Tatum et al® 1997 438 338 100%
Kontos et al” 1997 532 361 99%
Heller et al® 1998 357 204 99%
Kontos et al'® 1999 620 379 99%
evaluated in the emergency department (ED) setting or in BACKGROUND

a chest pain center.

The timely identification, triage, and management
of the patient presenting with possible ACS remain
problematic. Among the large number of patients
(>6,000,000 in the United States annually) who present
with nonspecific symptoms possibly due to ACS and
nonischemic electrocardiographic changes, the actual
incidenice of ACS is relatively low. Yet, the clinical risk
in patients with ACS is relatively high and may be
mitigated by the use of effective but time-sensitive
therapies. Moreover, large numbers of such patients are
admitted to hospitals or chest pain centers for prolonged
observation but ultimately are found not to have had an
acute ischemic syndrome, resulting in substantial unnec-
essary resource utilization.

POSITION STATEMENT

It is the position of ASNC that evidence supports
the use of acute rest SPECT MPI as a means for
triaging selected patients with suspected ACS. Acute
rest MPI in patients with suspected ACS has a high
negative predictive value (NPV) for excluding myo-
cardial infarction (MI), as well as predicting the
absence of future adverse cardiac events. Thus, in
most cases, patients with normal acute rest MPI results
do not need to be hospitalized. Positive (abnormal)
acute rest MPI results are associated with a high
probability of ACS and justify hospital admission for
early initiation of treatment. Effective implementation
of acute rest MPI for detecting ACS requires high-
quality MPI performed in a well-defined population
with use of a systematic evaluation protocol.

Acute rest MPI is particularly useful in patients in
the ED with acute chest pain and normal or nonischemic
rest electrocardiogram (ECG) results. The NPV of acute
rest MP1 to exclude MI in these patients ranges from
99% to 100% (Table 1), and the NPV for excluding
future cardiac events during medium-term follow-up is
approximately 979.3% Acute rest MPI in this setting 1s
highly sensitive for the detection of acute MI*!! and is
capable of detecting myocardial ischemia in the absence
of necrosis.*”1%! One study has shown incremental
value of acute rest MPI data over demographic, clinical,
ECG, and enzyme information in prediction of short-
term cardiac events.® The consistently high NPV found
in many studies suggests that patients with a normal
acute rest SPECT perfusion study may be safely dis-
charged from the ED and scheduled for outpatient
follow-up at a later time.

Thus there is a large body of observational studies
that support the use of acute rest SPECT MPI in patients
presenting with suspected acute ischemia. There have
been 2 prospective randomized studies that evaluated the
impact of acute rest MPI on ED physicians’ triage
decision making, length of hospital stay, and health care
costs.'?!3 In both studies patients were randomized to a
strategy that incorporated SPECT MPI or a strategy
without imaging. In the first trial, median hospital costs
were $1843 less, median length of stay in the intensive
care unit was 1.0 day shorter, and median hospital length
of stay was 2.0 days shorter for patients who had
MPI-guided management than for those who had con-
ventional management. This study also demonstrated
that physicians who had access to MPI results ordered
fewer cardiac catheterizations without any difference in
outcomes at hospital discharge or at 30 days’ follow-up.
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A much larger prospective randomized study'3 evaluated
the role of acute rest MPI on triage decisions by ED
physicians in patients who were randomly assigned to
receive either the usual ED evaluation or the usual
strategy supplemented with acute rest MPI data, The
results demonstrated that unnecessary hospitalizations
were significantly reduced in the imaging strategy group,
with no differences in outcomes between the usual care
and MPI groups. Thus these 2 prospective randomized
trials showed that acute rest MPI in patients presenting to
the ED with low-to-intermediate-risk chest pain and
nondiagnostic ECG results can improve the overall
clinical effectiveness of the initial triage process and
potentially provide cost savings.

Appropriate Selection of Patients for Evaluation

Patients with obvious clinical and ECG evidence for
ACS should be admitted to the hospital for appropriate
aggressive treatment and do not benefit from rest SPECT
MPI. The patient populations best suited for an ED triage
strategy that incorporates acute rest MPI are those in
whom the initial history and ECG do not suggest a high
or very low probability of ACS. These are patients with
symptoms suggestive but not typical for ACS and normal
or nonischemic rest ECG results. In this patient cohort,
further evaluation s necessary before a confident triage
decision can be made. Importantly, other nonischemic
and noncardiac causes for chest discomfort, such as
pulmonary embolism, infection, arrhythmia, or aortic
dissection, should always be considered. Patients with
prior M1, especially those with Q waves on the ECG, are
likely to have resting myocardial perfusion defects and
therefore will require subsequent repeat MPI after a
pain-free period to differentiate new ischemia from old
MI. Therefore the utility of the initial rest SPECT MPI in
this patient cohort is limited unless a prior study is
available for comparison.

Image Interpretation

In a minority of patients the results of acute rest MPI
will be equivocal, neither clearly normal nor clearly
abnormal. Only one fully published report has separately
evaluated such patients, who were found to have an event
rate slightly higher than patients with normal MPI results
but lower than those with abnormal MPI results.® Thus,
for the purpose of optimizing the sensitivity of detecting
ACS and minimizing the “missed MI” rate, it is recom-
mended that equivocal MPI be categorized as mildly
abnormal and that further evaluation, such as stress
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testing, be completed. The use of attenuation correction
in this setting has not been elucidated but might be
useful.

Presence of Symptoms During Injection of
Radiopharmaceutical

One issue not completely resolved is the importance
of injecting the radiopharmaceutical during ongoing
chest discomfort. In the largest published experience,
patients were studied after injection as long as 6 hours
after cessation of symptoms.®® Even at this time point,
normal acute rest MPI was associated with a very low
risk of a cardiac event over the subsequent 12-month
period. Theoretically, a delay between the cessation of
symptoms and the time of radionuclide injection may
result in a missed diagnosis of ischemia and should be
taken into account during image interpretation. This was
convincingly demonstrated in patients with unstable
angina.'"!* Therefore it is recommended that a radio-
pharmaceutical preferably be injected during ongoing
pain and not more than 2 hours after symptoms have
abated.

Comparison of Acute Rest MPl and Cardiac
Biomarkers

Two studies have compared the results of acute rest
MPI with serial creatine kinase~MB and troponin anal-
ysis.!®*® The sensitivity for detecting acute MI was
similar between the two strategies, but acute resting MPI
was positive earlier after presentation. These studies
confirmed what could be expected based on the known
release Kinetics of the various widely used cardiac
markers and the underlying pathophysiology of acute
MPI. Whereas cardiac markers require 6 to 12 hours to
become positive, rest MPI immediately reflects the status
of regional myocardial blood flow at the time of radio-
pharmaceutical injection,

Choosing an Evaluation Strategy

For an ED staff or a multidisciplinary clinical group
considering optimal strategies for evaluating patients
with suspected acute ischemia, the choice of sirategies,
as well as the decision on whether to include resting
MPI, involves a careful evaluation of local nuclear
cardiology imaging expertise and the ability of the local
imaging laboratory to provide imaging services and
reports in a timely fashion. A strategy of observation
with serial cardiac enzyme analysis and subsequent
stress testing is widely applicable and widely practiced.'®
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Although published observational and randomized trial
data regarding acute rest MPI are strong (Table 1), this
approach is not as widely practiced. This may reflect the
necessity of significant cooperation between the multiple
stakeholders in the process, including ED physicians,
providers of nuclear cardiology services (who may be
radiologists, nuclear medicine physicians, or cardiolo-
gists), cardiologists who may be involved in consulting
on clinical decision making, and other health care pro-
fessionals including nursing and transport personnel.

Follow-up After Initial Evaluation Strategy

The initial goal of evaluating patients with suspected
acute ischemia and nonischemic ECG resulis in the ED,
through use of either resting MPI or serial cardiac serum
markers, is to determine the likelihood of ACS and to
assign patients into a high- or low-risk category for acute
MI or unstable angina. Subsequently, the presence of
coronary disease as a possible contributor to symptoms
usually needs to be determined (particularly in patients
with a negative initial evaluation and those injected
without symptoms), and this is generally done best with
some form of stress testing.’” Decisions about the type of
stress used (treadmill exercise or pharmacologic stress)
and the type of analysis performed (ECG testing alone or
ECG testing in conjunction with perfusion or function
imaging) can be made based on well-established clinical
protocols such as those outlined in the American College
of Cardiology/American Heart Association stable angina
guidelines.'® It is recommended either that such stress
testing is performed in the chest pain center before the
patient is discharged or that the patient is discharged with
an appointment for an outpatient stress test within 1
week.

Acknowledgment

The authors have indicated they have no financial conflicts
of interest.

References

1. Bateman TM, Berman DS, Heller GV, Brown KA, Cerqueira
MD, Verani MS, et al. American Society of Nuclear
Cardiology position statement on electrocardlographic gating
of myocardial perfusion SPECT scintigrams. ] Nucl Cardiol
1999:6:470-1.

2. Bateman TM. Clinical relevance of a normal myocardial
perfusion scintigraphic study. American Society of Nuclear
Cardiology. J Nucl Cardiol 1997;4:172-3.

[£2]

10.

11.

14,

Wackers et al 249
ASNC position statement

. Hendel RC, Corbett JR, Cullom SJ, DePuey EG, Garcia EV,

Bateman TB. The value and practice of attenuation correction
for myocardial perfuslon SPECT Imaging. a joint position
statement from the American Society of Nuclear Cardiology
and the Society of Nuclear Medicine. ] Nucl Cardiol 2002;9:
135-43.

- Varetto T, Cantalupt D, Altieri A, Orlandi C. Emergency raom

technetium-99m sestamibi imaging to rule out acute myocardial
ischemic  events in patients  with nondiagnostic
electrocardiograms. J Am Coll Cardiol 1993;22:1804-8.

- Hilton TC, Thompson RC, Willlams HJ, Saylors R, Fulmer H,

Stowers SA. Technetium-99m sestamibi myocardial perfusion
imaging In the emergency room evaluation of chest pain. ] Am
Coll Cardiol 1994;23:1016-22.

. Tatum JL, Jesse RL, Kontos MC, Nicholson CS, Schmldt KL,

Roberts CS, et al. Comprehensive strategy for the evaluation and
triage of the chest pain patlent. Ann Emerg Med 1997;29:
116-23.

. Kontos MC, Jesse RL, Schmidt KL, Ornato JP, Tatum JL. Value

of acute rest sestamibi perfusion imaging for evaluation of
patients admltted to the emergency department with chest pain.
J Am Coll Cardio} 1997;30:976-82.

. Heller GV, Stowers SA, Hendel RC, Herman SD, Daher E,

Ahlberg AW, et al. Clinical value of acute rest technetium-99m
tetrofosmin tomographic myocardlal perfusion imaging in
patlents ~ with acute chest pain and nondiagnostic
electrocardiograms. ] Am Coll Cardiol 1998;31:1011-7.

. Kontos MC, Arrowood JA, Jesse RL, Ornato JP, Paulsen WH,

Tatum JL, et al. Comparison of echocardiography and
myocardial perfusion imaging for dlagnosing emergency
department patlents with chest paln. Am Heart ] 1998;136:
724-33.

Kontos MC, Jesse RL, Anderson FP, Schmidt KL, Ornato JP,
Tatum JL. Comparison of myocardial perfusion Imaging and
cardiac troponin 1 in patlents admitted to the emergency
department with chest pain. Circulation 1999;99:2073-8.
Bilodeau L, Theroux P, Gregoire ], Gagnon D, Arsenault A.
Technetium-99m  sestamibi tomography in patients with
spontaneous chest pain. correlatlons  with clinical,
electrocardiographic and angiographic findings. ] Am Coll
Cardiol 1991;18:1684-91.

. Stowers SA, Eisenstein EL, Th Wackers FJ, Berman DS,

Blackshear JL, Jones AD Jr, et al. An economlc analysis of
an aggressive diagnostic strategy with single photon emission
computed tomography myocardial perfuslon imaging and
early exercise stress testing in emergency department patients
who  present with chest paln  but nondiagnostic
electrocardiograms. results from a randomized trial. Ann
Emerg Med 2000;35:17-25,

. Udelson JE. The ERASE Chest Pain Trlal. Presented at “Special

Sesslon: Clinical Trials” at the 72nd Scientific Sessions of
the American Heart Association, Atlanta, Ga, November 10,
1999,

Wackers FJ, Lie KI, Liem KL, Sokole EB, Samson G, van der
Schoot JB, et al. Thallium-201 scintigraphy in unstable angina
pectoris. Clrculation 1978;57:738-42.

. Duca MD, Giri S, Wu AH, Morris RS, Cyr GM, Ahlberg A, et

al. Comparison of acute rest myocardial perfusion imaging and
serum markers of myocardial injury in patients with chest pain
syndromes, ] Nucl Cardlol 1999;6:570-6.

. Farkouh ME, Smars PA, Reeder GS, Zinsmeister AR, Evans

RW, Meloy TD, et al. A clinical trial of a chest-pain observation
unit for patients with unstable angina. Chest Pain Evaluation In



250 Wackers et al Journal of Nuclear Cardiology

ASNC position statement March/April 2002
the Emergency Room (CHEER) Investigaiors. N Engl ] Med 18. Gibbons R], Chattetjee K, Daley J, Douglas ]S, Fihn SD, Gardin
1998;339:1882-8. IM, et al. ACC/AHA/ACP-ASIM guidelines for the management of

17. Abbott BG, Abdel-Aziz [, Nagula S, Monico EP, Schriver JA, patients with chronic stable angina. a report of the American
Wackers FJT. Selective use of single-photon emission computed College of Cardiology/American Heart Assaclation Task Force on
tomography (SPECT) myocardial perfusion imaging In a chest Practice Guldelines {Committee on Management of Patients With

pain center. Am J Cardiol 2001;87:1351-5. Chronic Stable Angina). ] Am Coll Cardlo] 1999;33:2092-197.



JINLVL | IVIVULLT rage 1 oI £

[HomeIAbstractICurrent Issue IArchives IAhead of Print

L« Previous| [ Next Article s | (ToC]

Benefits of planar and SPECT/CT imaging in lymphscintigraphy for melanoma
Authors

Abstract
2703

Objectives Using lymphoscintigraphy to detect the sentinel lymph node in patients with
melanoma for removal and examination has become an integral part of the testing and
staging process. The SNMMI's Guideline for Lymphoscintigraphy in Melanoma
recommends only planar imaging. SPECT/CT imaging for breast cancer
lymphoscintigraphy is gaining more support, but it is still not common practice, according
to literature. The purpose of this study is to determine the value of combining planar
imaging with SPECT/CT imaging for patients with melanoma.

Methods Personal observation of patients undergoing lymphoscintigraphy, combined with
a review of the most recent literature regarding using SPECT/CT imaging for patients with
melanoma was used to evaluate the use of a combination protocol. All patients observed
received the recommended dose of Tc-99m Filtered Sulfur Colloid, injected intradermally
around the site of the melanoma. Dynamic imaging was done immediately post-injection,
followed by static transmission images and SPECT/CT images.

Results Planar imaging is valuable for visualizing the lymphatic drainage patterns to find
the sentinel lymph node. However, SPECT/CT has the advantage of providing attenuation
correction data as well as the anatomical location of nodes. Because SPECT/CT cameras
are becoming more available, both in the U.S. and outside, the additional imaging does
not create undue expense for the provider, and there is only a small increase in the
radiation dose to the patient from the CT.

Conclusions The addition of SPECT/CT imaging in lymphoscintigraphy procedures is a
valuable tool for the surgeon, because it has been shown to give more anatomical data. It
is recommended to combine the SPECT/CT imaging with dynamic planar imaging, giving
the surgeon optimal information with which to create a plan of action.
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MAJOR ACHIEVEMENTS IN NUCLEAR CARDIOLOGY/
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-Advances in SPECT camera software and
X hardware: Currently available and new on the
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A long-standing limitation of radionuclide myocar-
dial perfusion SPECT is its relatively lengthy acquisition
time, as compared to stress echocardiography and
cardiac CT. The American Society of Nuclear Cardiol-
ogy (ASNC) and the Intersocietal Commission for the
Accreditation of Nuclear Medicine Laboratories
(ICANL) have rightfully insisted that acquisition times
not be decreased below those set forth in the ASNC
Guidelines so that adequate image counting statistics are
maintained, thereby maintaining test sensitivity and
minimizing artifacts associated with low count density
studies. New software methods and new innovative
hardware described below, however, now allow for
significantly shortened SPECT acquisition times without
a decrease in image quality.

More recently, the media, the public, and the medical
community have drawn attention to patient radiation
exposure associated with radiographic, nuclear medicine,
and nuclear cardiology procedures and the potential-
associated patient risk.”? The radiology and nuclear
imaging communities have responded rapidly and defin-
itively by implementing a variety of guidelines to
decrease patient radiation exposure and to avoid exposure
in higher risk patient populations: Image Gently, Image
Wisely, Choosing Wisely, and the ASNC Patient-Cen-
tered Imaging Guidelines,” among others. ASNC has seta
goal to decrease patient radiation exposure associated
with myocardial perfusion SPECT to <9 mSv per entire
study in 50% of patients by 2014.* The new software and
hardware methods described below will help us achieve
this goal by providing the ability to maintain or improve
SPECT image quality with the lower image counting
statistics associated with significantly decreased injected
radiopharmaceutical doses.
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There have been several comprehensive reviews
and editorials published highlighting innovations in
cardiac SPECT hardware and software.”” I hope the
present review will serve to reinforce the importance
and clinical significance of these technical advance-
ments. Of note, advancements in hybrid SPECT/CT
imaging are not covered in the present review.

TECHNICAL ADVANCEMENTS

New Software Methods

New SPECT reconstructions software methods have
preserved or improved SPECT image quality despite
lower count statistics. Consequently, SPECT acquisition
time may be shortened. Alternately, the injected radio-
pharmaceutical dose may be decreased, thereby
decreasing patient radiation exposure. These methods,
described below, are all now commercially available.
They are available on new computer systems, and some
may also be implemented on older scintillation camera
systems.

[terative reconstruction. Iterative reconstruc-
tion has been available on the nuclear medicine
computer systems for over a decade, although many
users have hung tenaciously to an older processing
method, filtered backprojection (FBP). FBP basically
suppresses high-frequency image data, thereby decreas-
ing noise, However, in doing so the technique results in
image blurring, often obscuring small perfusion abnor-
malities and rendering the images of both objects, i.e.,
the myocardium and perfusion defects indistinct. The
smoother the filter, i.e., the lower the critical frequency
and the higher the order, the greater the degree of image
blurring and the poorer the diagnostic sensitivity in
detecting perfusion abnormalities. In contrast, iterative
reconstruction provides an estimated reconstruction
volume from which estimated projections are derived.
The estimate may be simply a uniform flood field or a
more complex heuristic algorithm with an estimate of
the expected configuration of the heart. Actual measured
SPECT projection data are compared to the estimated
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projections. Based upon the “‘error’’, i.e., the difference
between the estimated and the measured projection
information, the estimated projection is updated. This
process is repeated until the estimated and the measured
projections converge, resulting in an implicit recovery of
resolution. The initial version of iterative reconstruction
was Maximum Likelihood Expectation Maximization
(MLEM), whereby individual iterations were repeated
until data converged. Subsequently, with higher speed
computers Ordered Subset Expectation Maximization
(OSEM) has become the reconstruction method of
choice, whereby data are grouped into subsets, allowing
more rapid and accurate data convergence.

Myocardial perfusion SPECT images reconstructed
with OSEM are of higher quality than those processed
with FBP. Perfusion defects, anatomic variants such as
physiologic apical thinning and prominent posterior
papillary muscles, and the right ventricular myocardium
are better visualized with OSEM. Likewise, image
contrast is improved, thereby better defining the left
ventricular endocardial borders. Although differences in
FBP and OSEM may be only slight in high count density
myocardial perfusion SPECT scans, in lower count
density studies the improvement with OSEM is often
clinically significant. Another advantage of OSEM is
that the Ramp filter, inherent to FBP, is not employed,
thereby minimizing the possibility of a Ramp filter
artifact, i.e., an artifactual decrease in inferior left
ven(ricular myocardial count density when intense tracer
concentration is present in extracardiac structures in the
x-plane of the left ventricle (Figure 1). However, of
note, for most commercially available implementations
of OSEM, a post-processing filter is employed to further
improve image quality. Therefore, the Ramp filter
artifact may not be eliminated entirely.

Resolution recovery. The high-resolution, par-
allel-hole collimator used for myocardial perfusion
SPECT maintains spatial resolution by accepting pho-
tons emitted from the myocardium, traveling directly
perpendicular to the face of the camera and the parallel
holes of the collimator. Photons emanating from voxels
not directly perpendicular to the collimator hole are
attenuated by the collimator’s lead septa. Photons
emanating from these voxels may undergo Compton
scattering and may also subsequently travel perpendic-
ular to the collimator hole. These are eliminated by the
pulse height analyzer, which rejects photons losing more
than 10%-15% of their initial photon energy. However,
these advantages of the parallel-hole collimator are
progressively compromised the more distant the voxel is
from the camera face (Figure 2). The greater the
distance of object from the camera face, the greater
the likelihood that photons from adjacent voxels will
pass through the parallel-hole collimator. Likewise, the
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Figure 1. A This low-dose rest/high-dose stress Tc-99m p
sestamibi study, performed in an obese patient, was processed
with FBP. Reconstructed tomograms are technically subopti-
mal with considerable noise and indistinct definition of the
myocardial borders. Both at stress and at rest there is
considerable tracer uptake in the left lobe of the liver, which
lies in the x-plane of the inferior wall of the left ventricle. The
fixed inferior perfusion defect could be secondary either to scar
or a Ramp filter artifact. B The same study was processed wilh
OSEM iterative reconstruction, SPECT image quality is
significantly improved with less noise and sharper definition
of the myocardial borders. The inferior perfusion abnormality
is resolved, indicating that it was a Ramp filter artifact since
OSEM does not incorporate the Ramp filter. Courtesy Gordon
DePuey, St. Luke's-Roosevelt Hospital, New York, NY.

likelihood that Compton-scattered photons will be
accepted progressively increases. For these reasons
spatial resolution of a voxel/object decreases with
distance from the camera face. Therefore, it has always
been emphasized that when a patient is positioned for
myocardial perfusion SPECT, the face of the scintilla-
tion detector should be as close as possible to the
patient’s chest wall. Likewise, an elliptical orbit is
preferable because it allows the camera head to more
closely approximate the chest wall in all projections.
The magnitude of this loss of resolution is directly
proportional to the width of the collimator hole and
inversely proportional to the hole length (Figure 3).
Septal penetration of photons is another cause of
decreased the resolution of a parallel-hole collimator.
However, for the relatively low-energy isotopes, Tc-
99m and T1-201, used for myocardial perfusion imaging
the degree of septal penetration is minimal.

This distance-dependent collimator-detector blur,
dependent upon the shape of the holes, their dimensions,
and the thickness of the septa for each individual
collimator has a major influence on image resolu-
tion.'®'" It is the main factor affecting the resolution and
noise properties of nuclear medicine images. In recon-
structed SPECT images, these effects are strongly
influenced by the applied reconstruction algorithm and
its parameters., Resolution recovery models the physics
and geometry of the emission and detection processes. It
is thereby a means to compensation for the collimator-
detector response (CDR) in iterative reconstruction.'***
The CDR consists of four main components: intrinsic
response (the system without a collimator) and the
geometric, septal penetration, and septal scatter compo-
nents of the collimator parameters. By including an
accurate model of CDR function in an iterative SPECT
reconstruction algorithm, compensation for the blurring
effect may be included in the iterative reconstruction
process, resulting in improved spatial resolution. For
each combination of acquisition system, radiopharma-
ceutical, and particular acquisition protocol, the CDR
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An object clase to the collimator will  An object farther from the collimator
have less blur. will have more blur.

Figure 2. Depth-dependent loss of resolution. When an object
is further from a parallel-hole collimator, pholons emanating
from the object pass through a greater number of parallel holes
of the collimator, thereby blurring the object and decreasing
spatial resolution. Courtesy Yossi Srour, UltraSPECT Litd.

function provides the probability that a photon emitted
from any point of the imaged object will contribute to a
pixel of the resulting image. Accurate predictions of the
geometric response function for various collimator
designs have been derived. Specifically, during iterative
reconstruction each voxel is reconstructed according to
the collimator’s geometry. Pixel weights are calculated
analytically, taking into account the solid angles sub-
tended by the collimator between each detector pixel
and each body voxel. This is accomplished by knowing
the CDR for each particular scintillation camera/colli-
mator system.

To implement resolution recovery acquisition
parameters including the center-of-rotation and the
collimator-to-voxel distances for every projection view
acquired must be known. Additionally, in order to apply
pixel weighting appropriately to the image matrix,
which includes the heart and surrounding body struc-
tures, the distance from the detector to the patient’s body
must be determined. Newer cameras automatically
provide this distance in the acquired parameters for
each angular position. However, for cameras that do not
provide this distance automatically from the acquisition
parameters, a simple segmentation algorithm may be
applied to the projections to estimate the detector-to-
body distance.

One resolution recovery method, incorporated into
Wide Beam Reconstruction® (WBR®) (UltraSPECT,
Ltd.), models the CDR and the physics and geometry of
the emission and detection processes.'” As described
above, the shape of the holes, their dimensions, and the
thickness of the septa for each individual collimator
have a major influence on image resolution. Therefore,
during iterative reconstruction data are modified in each
reconstructed voxel according to the collimator’s geom-
etry. Pixel weights are calculated analytically, taking
into account the solid angles subtended by the collimator
between each detector pixel and each body voxel
(Figure 4). With knowledge of various scintillation
detector systems and collimators, this resolution
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Figure 3. Loss of resolution with the depth from the parallel-
hole collimator depends upon the collimator hole characteris-
tics. For a collimator with narrow, long holes (leff) the loss of
resolution with depth is less than that of a collimator with
short, wide holes (right). Septal penetration of photons also
confributes to image blurring (leff), although this factor is
minor for low-energy isotopes such as Tc-99m.

Solid angle — T,

. v
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Figure 4. During iterative reconstruction data are modified in
each reconstructed voxel according to the collimator’s geom-
etry. Pixel weights are calculated analytically, taking into
account the solid angles subtended by the collimator between
each detector pixel and each body voxel. Also, in order to
apply pixel weighting appropriately to the image matrix, the
distance from the detector to the patient’s body is accounted
for.

recovery method can be implemented on both newer
and older cameras.

Therefore, resolution recovery yields images of
improved spatial resolution and with less noise as
compared to conventional techniques.'® Clinical images
of lower count density acquired with resolution recovery
have been demonstrated to be equivalent or superior to
those acquired with conventional SPECT imaging,
allowing for reduced SPECT acquisition time or reduced
injected radiopharmaceutical dose (see below).

Noise compensation. Nuclear imaging data
are inherently noisy due to relatively poor counting
statistics. Low count density myocardial perfusion
SPECT images are characterized by noise, which has
similar or higher magnitude compared to the high-
frequency portion of the true myocardial data. As
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described above, FBP eliminates high-frequency data,
thereby ‘‘smoothing’ (i.e., blurring) the image. This
filtering results in decreased image contrast, decreased
spatial resolution, and potentially decreased diagnostic
sensitivity in detecting perfusion and regional wall
motion abnormalities. In contrast, with noise compen-
sation methods signal-to-noise values are determined by
the resolution and smoothness desired in the final
cardiac SPECT image. High-frequency components of
the image are suppressed while resolution is maintained
(Figure 5).

One noise compensation technique, WBR® (Ultra-
SPECT, Ltd.), suppresses noise and enhances the signal-
to-noise ratio (SNR) by modeling the statistical charac-
teristics of the emission process and of the detected
data.'® It accounts for the Poisson distribution of the
emission data, as well as for the noise in the acquired
data. To preserve or even enhance the SNR, WBR®

l Filtering J

Figure 5, Comparison of the effects of filtering and noise
compensation on a myocardial perfusion count-rate profile. A
representative profile across an object demonstrates consider-
able high-frequency noise. Filtering, i.e., smoothing, the data
(top) decreases noise, but at the same time considerably
decreases image resolution and contrast. On the other hand,
with noise compensation (bottom) signal-to-noise values are
determined by the resolution and smoothness desired in the
final SPECT image. High-frequency components of the image
are suppressed while resolution and contrast are maintained.
Concept courtesy of Ernest Garcia, Emory University, Atlanta,
GA.
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regularizes the likelihood objective function by adding a
Gaussian component. Higher weight to the Gaussian
component results in suppressed high-frequency com-
ponents present in the projections, due to its fast
vanishing tail. Higher weighting of the Poisson compo-
nent results in recovery of high-frequency signal, or
enhancement of noise if no appropriate weight is given.
The balance between the (wo is determined adaptively
and automatically according to the data analysis and
desired smoothness. The reconstruction is iterative and
automatic with all noise compensation parameters
selected automatically and with no post-filter applied.
The smoothness of the image is guided by the applica-
tion’s target SNR without applying filters during or
post-reconstruction (Figure 6). For the WBR® method,
incorporating iterative reconstruction, resolution recov-
ery, and noise compensation, the spatial resolution
(FWHM) for three line sources with scatter was reported
to be 5.1 mm, as compared to 10.2 mm (coefficient of
variation = 3.7% for both) for standard FBP processing.
Contrast resolution from Data Spectrum phantom exper-
iments (with scatter) was 0.67 compared to 0.53 for FBP
(coefficient of variation = 12% for both).'®

Of note, resolution recovery algorithms themselves
may result in accentuation of noise in reduced-time
acquired projections. This has a detrimental effect on
image quality. One method, adopted in the General
Electric Evolution® software suppresses the impact of
noise by incorporating a Maximum A Posteriori (MAP)
Algorithm."” The scheme used is a modified one step
late (OSL) algorithm using a Green prior optimized for
each clinical protocol, and for gated and attenuation
corrected image.'® The last iteration is performed using
a Median root prior.'” This scheme was found to give an
image of equal or superior quality on clinical studies and
on physical phantom data.”

Figure 6. Tomographic slice through the Jaszczak phantom
containing low-level Tc-99m background tracer concentration
and spheres of various diamelers containing higher level
activity. With FBP reconstruction (left) there is moderate noise
in the background area, and the edges of the spheres arc
blurred. With WBR® reconstruction (right), incorporating
resolution recovery and noise compensation, background noise
is suppressed, and resolution and contrast of the spheres are
increased'”.
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Vendors of conventional SPECT cameras as well as
the new, innovative cameras described below have all
adopted advanced software processing methods, includ-
ing iterative reconstruction, resolution recovery, and
some type of noise compensation. These software
packages include Astonish®, Phillips; Shine®, Segami;
Evolution®, General Electric Medical Systems; 3-D
Flash®, Siemens Medical Solutions; n-SPEED®, Digi-
rad, Inc.; and proprietary software developed by General
Electric for the Discovery 530c camera and by Spectrum
Dynamics for the D-SPECT camera. Users should be
aware that these software programs each use different
reconstruction algorithms, so results are by no means
identical.

Pre-determined SPECT acquisition times to
obtain optimal counts. The introduction of dual-
head cameras more than a decade ago allowed us to halve
acquisition times as compared to acquisition times for
studies performed on older single-head cameras. Since
their introduction, however, cardiac SPECT protocols
have been rather rigid with regards to image acquisition
times. For larger patients with soft tissue attenuation
resulting in low count density studies ‘‘weight-based
dosing’’ was recommended to increase cardiac SPECT
counting statistics. However, by increasing the radio-
pharmaceutical dose, patient radiation exposure is
likewise increased. As an altemnative to increasing the
radiopharmaceutical dose, it is possible to increase
SPECT acquisition time in cooperative patients. Newer
“smart’’ cameras allow optimal SPECT acquisition times
to be predetermined in such patients. For example,
TruACQ® software available on the Digirad Cardius®
camera determines the count rate from regions of interest
manually placed over the heart on each of its three
detectors. An acquisition time is then pre-determined
which will result in 22,000 counts in the heart (in the LAO
projection) at stress and 10,000 counts at rest. The camera
operator can accept ot reject this suggested acquisition
time, depending upon the patient’s tolerance. By this
means optimal counting statistics can be obtained in larger
patients without increasing the radiopharmaceutical dose.

Phase analysis. Innovative software has been
developed to measure left ventricular systolic dyssyn-
chrony using phase analysis of gated myocardial
perfusion SPECT.?! Increasing myocardial counts dur-
ing ventricular systole correlates with regional left
ventricular wall thickening and may be used to assess
the pattern of systolic contraction, Data from the entire
myocardium are used to gencrate a phase distribution
map that may be displayed as a histogram or polar map.
By means of a sampling theorem, temporal changes in
left ventricular myocardial contraction can be assessed
using only 8 frames per cardiac cycle. This method
provides temporal resolution equivalent only 1/64th of
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the cardiac cycle. Left ventricular dyssynchrony
assessed by this technique in 75 heart failure patients
was compared to echocardiographic tissue Doppler
imaging and was found to correlate well (r = 0.89,
P < ,0001).*” It has been reported that left ventricular
dyssynchrony measured by this method is useful to
predict which patients will respond (o cardiac resyn-
chronization therapy (CRT).? Using a phase histogram
bandwidth of approximately 140°, this method demon-
strated a sensitivity of 70% and specificity of 74% in
predicting patient response to CRT. Although this
radionuclide method is quite promising, there have been
parallel advancements in echocardiography, magnetic
resonance imaging, and cardiac computed tomography
in assessing left ventricular dyssynchrony and patient
response to CRT.*

Hardware Developments

Optimized detector geometry and focused
collimation.

Dedicated sodium lodide detector cardiac SPECT
cameras. Well over a decade ago scintillation camera
designs were modified to better perform dedicated car-
diac imaging. Phillips introduced the CardioMD®
camera with two 90°-angled detectors that could be
positioned close to the patient’s chest wall to optimize
detector geometry and minimize detector-to-voxel
blurring. The open gantry design was patient-friendly,
even for most claustrophobic patients. The design was
compact, allowing the small footprint camera to fit
easily into an 8 x 10’ room. General Electric intro-
duced the Optima® camera, with similar advantageous
characteristics. Both of these cameras could be equipped
with rod-source attenuation correction (AC). Subse-
quently, dedicated cardiac SPECT cameras were
introduced to accommodate larger patients. One cxam-
ple is the General Electric Ventri® camera with two
independent detectors positioned in a 90° geometry,
mounted on a ring gantry. Patients are comfortably
positioned on an imaging palate, sturdy enough to
accommodate the patients up to 440 pounds, with sup-
ports engineered to relieve pressure on the arms, knees,
low back, and neck. The palate slides into the ring
detector of the gantry, and the detectors are then posi-
tioned close to the chest wall in an optimal geometry for
cardiac SPECT. The advantages of such dedicated car-
diac SPECT cameras are considerable, However, for a
general Nuclear Medicine laboratory they lack the
flexibility to perform other non-cardiac scans.

Dedicated upright and semi-reclining cardiac
SPECT cameras. Patients are positioned upright with
the Digirad camera and semi-upright/semi-reclining
with the Siemens C-Cam® camera and the Data
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Spectrum D-SPECT® camera. Each of these cameras
has a small footprint and is designed for patient comfort.
Upright or semi-reclining positioning allows the dia-
phragm to move inferiorly, thereby decreasing
diaphragmatic attenuation and Compton scatter from
sub-diaphragmatic structures. A second advantage of
upright or semi-upright positioning is that pendulous
breasts are less likely to assume different positions in the
stress and the rest SPECT acquisitions, a problem
occasionally encountered with supine SPECT, resulting
in ‘‘shifting’’ breast artifacts mimicking ischemia.
Photon attenuation artifacts involving the inferior wall
due to an overlying pendulous left breast, however, are
more likely with upright and semi-upright/reclining
patient positioning. Patient motion was problematic for
the long acquisition times required for earlier single-
head versions of the Digirad upright camera. However,
in the most recent release of the multi-head camera
shorter acquisition times combined with Velcro straps/
binders around the patient’s waist and chest effectively
minimize motion, particularly in the Y- and Z-directions,

Cardiocentric SPECT. Conventional myocardial
perfusion SPECT performed with a single- or dual-head
scintillation camera, as described above, employs a
body-centered orbit. However, SPECT images acquired
with such a 180° body-centered orbit may have signifi-
cant erroneous inhomogeneity and may overestimate
defect size, particularly when the target object is off the
center of the orbit, as is commonly the case in clinical
cardiac imaging.?> Although, elliptical body-centered
orbits minimize the distance beiween the heart and the
detector in all tomographic projections, thereby mini-
mizing distance-dependent image blurring and scatter,
SPECT artifacts, particularly those at the left ventricular
apex, may be more severe in scans using elliptical orbits
than in those from circular acquisitions.*®

Newer camera designs incorporate ‘‘cardiocentric’
SPECT orbits. Detector design and/or translation of
either the camera heads or the patient before or during
SPECT acquisition allow the heart to remain in the
center of the field-of-view. For example, the Digirad
Cardius® camera uses a triple-head geometry. The
patient sits on a translating chair. Immediately prior to
the SPECT acquisition the patient’s heart is positioned
in the center of the field-of-view of each detector. The
detector heads are pushed in as close as possible to
the patient’s chest to optimize image quality. For the
SPECT acquisition the chair rotates 67.5°, allowing the
triple-head camera to acquire data in a 202.5° cardio-
centric orbit. This triple-head configuration used in
combination with 3-dimensional OSEM nSPEED®
reconstruction enables emission scans to be performed
up to four times faster than with conventional dual-
head SPECT systems.”’ Image quality is improved as
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compared to body-centered orbits, and the severity of
artifacts is reduced®’ (Figure 7). New collimator designs
and other new cameras, described below, including the
Spectrum Dynamics D-SPECT® camera and the General
Electric Discovery 530c® camera, also incorporate car-
diocentric SPECT.

Cardio-focused collimation. A cardio-focused
collimator, IQ SPECT®, has been developed by Siemens
Medical Solutions to improve the efficiency of myo-
cardial perfusion imaging using conventional, large
field-of-view SPECT and SPECT/CT systems (Fig-
ure 8).2%%° This variable-focus collimator is designed to
magnify the region of the myocardium and its immedi-
ate surroundings by means of converging collimation,
while keeping the entire torso in the field-of-view by
morphing the collimator holes to a near parallel-hole
geometry at the edges of the collimator, thereby avoid-
ing truncation. There are 48,000 hexagonal holes, each
1.9 mm in diameter and 40 mm in length. Spatial res-
olution progressively increases from the face of a
camera to the cardiac ‘‘sweet-spot’’ at 28 cm, The scan
orbit is cardiocentric, 28 cm from the center of rotation,
as determined by the operator, so that the heart is
maintained in the region of highest magnification
throughout the scan. A scanning arc of 104° with 6°
angular steps is used for each of the two 90°-angled
camera heads.

Since the collimator has a response that is not only
distance-dependent but also variable across the face of
the collimator, it is crucial to accurately model both the
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Figure 7. A data spectrum phantom, filled with Tc-99m, with
a full-thickness insert in the posterior wall was imaged with a
180° cardio-centric orbit (left) and again with an off-center
orbit (right), simulating a body-centered orbit. The radius of
rotation of the orbit was progressively increased from 18 to 23
to 28 cm. The posterior defect is better resolved using a cardio-
centric orbit, particularly with a smaller camera radius of
rotation. Courtesy, Richard Conwell and Chuanyong Bai,
Digirad Inc.
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Figure 8. Diagram of the 1Q SPECT® variable-focus collimator, demonstrating magnification of
the region of the myocardium and its immediate surroundings by means of converging collimation,
while keeping the entire torso in the field-of-view by morphing the collimator holes to a near-
parallel-hole geometry at the edges of the collimator. Spatial resolution increases with depth from
the central area of the collimator surface.”® Courtesy Siemens Medical Solutions.

magnification and the point-response function of the
collimator. Variable magnification results from the
changing direction of each borehole with respect to
the collimator surface normal vector, while the point
response function depends on the finite size of the bore
holes. Therefore, an advanced reconstruction engine
based on a conjugate-gradient algorithm with ordered
subsets that includes in the system matrix the view-angle
dependent gantry deflections, a vector map of the col-
limator hole angles, and the system’s point response
function, is used for cardiac SPECT reconstruction.
Based upon phantom experiments, as compared to a
conventional low-energy high-resolution collimator, this
novel cardio-focused collimator increases target sensi-
tivity at 28 cm by a factor of >4 while maintaining
comparable reconstructed resolution. The average reso-
Tution (FWHM) is 6.97 mm in the x-plane and 6.91 mm
in the y-plane.”® Therefore, with this novel collimator
scan times, patient dose, or a combination thereof may
be reduced by a factor of four while maintaining
acceptable spatial resolution.”’

Arc detector geometry with rotating slit-hole
collimation. The CardiArc® scanner, dedicated to per-
forming myocardial  perfusion SPECT  scans,
manufactured by CardiArc Inc., uses a stationary curved
camera head subtending a 180° angle, which is posi-
tioned centered over the patient’s precordium.® The
curved detector is composed of three adjacent curved
sodium iodide crystals. Scintillation events are detected
by an array of photomultiplier tubes mounted on the

back of these detectors. Vertical collimation is achieved
using a unique curved lead sheet with six vertical slits
that rotates back-and-forth during acquisition to obtain
data over the 180° imaging arc (Figure 9). The move-
ment of these six slits is synchronized electronically
with the six areas of the crystal that are imaging the
photons passing through the slits. Horizontal collimation
is accomplished by a series of thin lead sheets that are
stacked vertically, with the gaps between the slits
defining the hole apertures. By means of this ‘‘slit-hole’’
method, collimation is focused at the depth of the heart,
thereby increasing sensitivity and resolution. Counting
statistics comparable to those obtained with a conven-
tional parallel-hole collimator in 21 minutes can be
achieved in only approximately 5 minutes with the
CardiArc® scanner. The FWHM is 3.65 mm at a depth
of 87 mm and 6.01 mm at 176 mm. To date, no clinical
validation of this system has been published.

Multiple scanning parallel-hole collimators. The
D-SPECT® camera, manufactured by Spectrum
Dynamics incorporates nine pixilated cadmium zinc
telluride (CZT) crystal detector columns situated verti-
cally, spanning an L-shaped 90° geometry (Figure L0).
The patient is positioned semi-reclining, in a posture
similar to that assumed a dentist’s chair. The L-shaped
detector is positioned over the patient’s chest, centered
over the left precordium. Each of the CZT detectors is
fitted with a square-hole tungsten collimator with an
inherent high transmission efficiency. The collimator
holes are 21.7 mm in length and measure 2.26 mm on
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Figure 9. With the Cardiac Arc® Camera vertical collima-
tion is achieved using a unique curved lead sheet with six
vertical slits that rotates back-and-forth during acquisition to
obtain data over the 180° imaging arc (A). Horizontal
collimation is accomplished by a series of thin lead sheets
that are stacked vertically (B). Courtesy Jack Juni, CardiArc
Inc.
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each side of each square hole.*” These holes are shorter
and wider than those used in conventional Nal detector
low-energy, high-resolution collimators, which are typ-
ically 45-mm long and 1.6-mm wide. Consequently, the
solid angle for acceptance of incident photons for the
D-SPECT® collimator is more than 8 times that of
the standard low-energy high-resolution lead parallel-
hole SPECT collimator.

Emission data are first sampled by obtaining a
15-second scout scan to allow the nine detectors to
identify the location of the heart, Each collimated
detector column rotates and translates independently a
maximum of 110°, allowing voxels to be viewed from
hundreds of different viewing angles. Data are acquired
in list mode, allowing physiologic markers such as the
electrocardiographic R wave, to be recorded simulta-
neously. A sinogram is reconstructed and the location of
the heart is derived, thereby setting the limits of the
detectors’ fanning motion for a subsequent diagnostic
scan. The diagnostic scan, typically a 4-minute acqui-
sition, is performed with 120 projections/detector and
2 seconds/projection. By this means for the diagnostic
scan there is preferential sampling of photons emanating
from the heart, whereby a greater proportion of imaging
time is allocated to collecting data from the heart at the
expense of collecting fewer data from less important
surrounding and remote regions. Conceptually this
design is equivalent to allowing pixels of a conventional
paraliel collimator to acquire scintigraphic emissions
from the heart for a longer time than pixels acquiring
data from background structures.

Although due to its unique L-shaped geometry, the
D-SPECT® camera can be positioned very close to the

Figure 10. Schematic of the multiple scanning parallel-hole collimators of the D-SPECT® camera,
focused on the region of the heart following a pre-scan to determine the heart’s location. Courtesy,

Spectrum Dynamics.
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patient’s chest wall, clearly the wide, short, square-hole
collimator design described above would result in much
poorer spatial resolution than that obtained using a con-
ventional SPECT camera equipped with a high-resolution
parallel-hole collimator. The loss of spatial resolution is
compensated for by the use of a proprietary Broadview®
software reconstruction algorithm based upon OSEM
reconstruction, accurately modeling the probability
function, supported by an increased number of viewing
angles. Also, the reconstructed volume is fitted to a
smooth ellipsoid-like surface, after which further itera-
tions are performed, giving the myocardial walls a very
thin appearance in typical D-SPECT® tomograms.**
Multi-pinhole collimation. The General Electric
Discovery NM 530¢® camera employees 19 8 x 8 cm
detectors focused on the heart to sample photons ema-
nating from the heart and the regions immediately
around it (Figure 11). Each detector contains 32 x 32
pixilated 5-mm thick CZT elements. The detector
assembly is mounted on a gantry that allows for patient
positioning in either the supine or the prone position.
The size of the CZT modules allows the camera to be
positioned closely enough to the chest wall to ensure
that the detectors provide 3-D sampling of the heart
sufficient for tomographic reconstruction. The target
volume is approximately a sphere of 19-cm diameter.
The patient is positioned so that the heart is centered
within this field-of-view, Each of the 19 detectors is
composed of 4 solid-state CZT pixilated detectors
mounted by a single tungsten pinhole collimator with a
5.1 mm effective diameter aperture.*® Nine of the pin-
hole detectors are oriented perpendicular to the patient’s

Figure 11. Schematic of the multiple focused pinhole colli-
mator design of the Discovery NM 530c® camera, focused on
the region of the heart. Spatial resolution is optimal at the focal
depth of the collimators. Courtesy, General Electric Medical
Systems.
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long axis. Five are angled above, and five are angled
below the axis, providing a 3-dimensional acquisition
geometry, Each of the pinhole collimators simulta-
neously obtains an image of the heart, with no moving
parts during data acquisition. Because the distance
between the CZT detector and the pinhole is less than
the distance between the pinhole and the heart, the
cardiac image is minimized to preserve resolution, rather
than maximized and distorted, as in the case of other
nuclear medicine pinhole applications such as pinhole
imaging of the thyroid or the hips.

Because the detectors and the patient are both sta-
tionary, there are no ‘‘rotating’’ planar projection
images available to the interpreting physician to assess
patient motion, Therefore, the location of the left breast
and left hemidiaphragm as potential attenuators, and the
location and intensity of subdiaphragmatic tracer con-
centration as a potential cause of Compton scatter into
the inferior myocardial wall cannot be ascertained.
However, a ‘‘scan QC'’ screen is provided that includes
all pinhole views to aid the interpreting physician esti-
mate the location of these attenuators. With multi-
pinhole collimation the focal point of the collimators is
within the thorax, so breast attenuation is less prob-
lematical than with parallel-hole collimation, However,
the problems of diaphragmatic attenuation and subdia-
phragmatic Compton scatter are not avoided. Since high
counting statistics allow for dramatically reduced
SPECT acquisition times (see below), several laborato-
ries using the Discovery 530c® camera petform both
supine and prone SPECT routinely on all patients to
better assess inferior myocardial tracer distribution.

Solid-State Detectors

Conventional sodium iodide scintillation cameras
employ an array of photomultiplier tubes mounted
behind the scintillation crystal. Typically photomulti-
plier tubes are hexagonal or square and measure
approximately 46 cm®. In general, there are over 50
photomultiplier tubes in modern scintillation cameras,
When a photon strikes the sodium iodide crystal, a flash
of light is emitted, which is detected by all the
photomultiplier tubes. Those tubes closest to the scin-
tillation event receive more light than more distant
tubes. Each photomultiplier tube is a photocathode,
which emits electrons when impacted by light. By
means of a cascading dynode array, the number of
electrons is then multiplied, producing an electrical
current output at the back end of the photomultiplier
tube. Those photomultiplier tubes closest to the scintil-
lation event therefore produce a stronger electrical
signal than the more distant tubes. The location of the
scintillation event is then delermined by electrical



Journal of Nuclear Cardiology
Volume 19, Number 3;551-81

positioning circuitry, which combines the analog output
signals of all the photomultiplier tubes and computes a
weighted average of all the signals as a function of
position. This probabilistic method results in a Gaussian
spatial distribution, estimating the location of the scin-
tillation event.

As a result of this probabilistic approach, there is
considerable uncertainty in localization of the scintilla-
tion event, resulting in blurring of the scintigraphic
image and suboptimal spatial resolution. Also, the
positioning circuitry is relatively slow, limiting the
count-rate capabilities of conventional scintillation cam-
eras. To compound this shortcoming, the efficiency of
the photocathode of the photomultiplier tube in con-
verting optical photons to electrons only about 20%.
These combined factors result in relatively poor spatial
resolution and sensitivity of conventional scintillation
cameras.

In contrast, solid-state detectors are quantized,
whereby the detector head is divided into an array of
individual detector elements. Crosstalk between these
pixilated detectors is minimal; therefore, when a scin-
tigraphic event occurs each of the pixilated detectors
produces an ‘‘all or none’’ output signal. The output is
quantized and discrete rather than Gaussian, as in the
case of conventional sodium iodide cameras. Therefore,
the size and the spacing of the solid-state detector
elements define the spatial resolution of the detector
(Figure 12).

Indirect solid-state detectors. When gamma
rays are converted to electrical charge indirectly, first with
the gamma ray undergoing a scintillation event and being
converted to light, then with the light converted to electron
hole pairs, the conversion process is termed ‘indirect,”’
Indirect solid-state detectors are used in a wide variety of
medical imaging applications including CT scanners and
PET cameras. The only scintillation specifically camera
designed for nuclear cardiology that employs indirect
solid-state technology is the Digirad camera, The scintil-
lator is cesium iodide (Csl), which has a good stopping
power for low-energy gamma rays and emits more optical
photons than sodium iodide. Scintillation events are
detected using a pixilated detector array.”’ Each individ-
ual detector element (pixel) measures 6 mm x 6 mm x
6 mm. These detectors are arranged in 24 modules, each
containing two 4 x 4 arrays. Thus, each camera head is
composed of an array of 768 6-mm detector elements.
Each Csl detector element is interfaced to a wafer-thin
(0.3 mm) silicon photodiode semiconductor detector. The
silicon photodiode has a high efficiency in converting
optical photons to electrons. A bias voltage is applied
across the semiconductor detector, resulting in electrical
output when the photodiode is impacted by optical
photons created by a scintillation event.
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Figure 12. Schematic of the differences in spatial resolution
provided by a solid-state detector as compared Lo a conven-
tional Nal detector. With solid-state detectors the output is ‘‘all
or none,”” with resulting optimal spatial resolution. In contrast,
using probabilistic positioning circuitry to process signals from
an array of photomultiplier tubes, spatial resolution is poorer
for Nal detectors, with blurring of object edges. Courtesy,
Richard Conwell, Digirad Inc.

Direct solid-state detectors. In contrast to
indirect semiconductor detectors, CZT provides
“‘direct”” solid-state technology. The CZT semiconduc-
tor is a pixilated array approximately 5-mm thick with
an effective Z of 50 and a density of 5.8 g/cm®. Gamma
rays enter the CZT semiconductor detector and are
directly converted to electron hole pairs. These charges
(electrons and holes) then drift towards positive and
negative electrodes, respectively, producing electrical
output signals. Because not all the holes and the
electrons drift towards the negative and the positive
electrodes at the same rate, some of the holes get
delayed or ‘‘trapped”’ in the semiconductor material.
This results in incomplete charge collection, in turn
resulting in a broadening of the photopeak on the low-
energy side. This ‘‘hole-tailing’’ effect varies from pixel
to pixel within the array, but in general becomes more
marked with increasing thicknesses of semiconductor
material, For that reason, although CZT is more dense
than sodium iodide (5.8 vs 3.7 gm/cm®), the thickness of
the CZT detector must be kept to a minimum (~5 mm).
In this configuration, the CZT detector has excellent
energy resolution (FWHM = 5.4%, compared to a
FWHM = 9.4% for a conventional sodium iodide cam-
era). With such improved energy resolution it is possible
to clearly separate photons of Tc-99m (140 keV) and
iodine-123 (160 keV) (Figure 13). Similarly, the com-
posite 70 keV photopeak and 81 keV lines of thallium-
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201 are clearly resolved, ™ However, due to the neces-
sary thinness of the CZT detector, its intrinsic efficiency
for detecting 140 keV gamma rays is only approxi-
mately equivalent to that of a conventional sodium
iodide detector (88% vs 90%). Additionally, to over-
come the effects of the variation of hole-tailing per
pixel, energy windows in CZT cameras are often set
relatively wide, as in conventional sodium iodide
cameras, to £10%, making their scatter fraction perfor-
mance similar to conventional sodium iodide cameras.®

Attenuation Correction

AC for myocardial perfusion SPECT has been
available for over a decade, and therefore cannot truly
be considered a ‘‘new advancement.”’ However, tech-
nical advancements in AC now allow for reduced patient
radiation dose associated with x-ray emission scans.
Diagnostic quality CT imaging of the chest is not
necessary for AC. An attenuation map adequate for AC
can be generated using a lower mA and kVp. By this
means state-of-the-art technology for AC of myocardial
perfusion SPECT affords the patient only approximately
0.2-0.4 mSv.

A novel, ultra-low-dose AC method has been
incorporated into the Digirad Cardius X-ACT® cam-
era.”’ After the emission scan has been acquired, the
camera’s three detectors are automatically reconfigured
to form a single large 27-inch transaxial detector arc.
The focal line of the collimator of each head co-aligns
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Figure 13, Pulse height spectra for Tc-99m and I1-123
obtained using a conventional Nal Anger camera and a CZT
solid-state detector (Alcyone, Discovery NM 530c® cameru).
The two isotope peaks are discriminated much more effec-
tively using the CZT detector. Courtesy, General Electric
Medical Systems.

Journal of Nuclear Cardiology
May/June 2012

with the spatial location of a fluorescent x-ray transmis-
sion line soutce to form a fan-beam transmission
acquisition geometry. During the transmission scan the
chair on which the patient sits first rotates 206° for
60 seconds with the transmission source on in order to
acquire the transmission data, then rotates 206° for
60 seconds in the reverse direction with the transmission
source off to acquire the contamination data from
emission sources in the patient to the transmission data.
The resulting attenuation map is of poor spatial resolu-
tion (relative to a diagnostic CT machine), but adequate
to correct the Tc-99m cardiac emission scan for soft
tissue and blood pool attenuation. The associated patient
radiation dose is only approximately 5 pSv. A limitation
of this method, shared by all other x-ray attenuation
techniques, is that the emission and subsequent trans-
mission scans are sequential, allowing the possibility of
patient motion between the emission and the transmis-
sion scans and misregistration of the two. Due to the
longer acquisition time for the low-flux fluorescent x-ray
transmission scan, the opportunity for patient motion is
somewhat greater. Fortunately, however, software is
available to easily register the emission and the trans-
mission scans.

It should be emphasized that the increased count-
rate statistics and improved image quality obtained with
the new hardware methods described above are a result
of combined advancements in both hardware and soft-
ware. Spatial resolution for SPECT imaging of Tc-99m
has been evaluated for the three new cameras described
above, all of which combine hardware and software
innovations. For the Digirad Cardius® detector head the
extrinsic planar resolution (FWHM) at 10 cm with
scatter was determined to be 9.9 mm with a LEHR
collimator and 10.6 mm with a LEAP collimator. Defect
contrast of the Data Spectrum phantom full defect was
0.528.%" For the Spectrum Dynamics D-SPECT® cam-
era, for a single line source the FWHM was
demonstrated to be 3.5 mm in the x-axis and 4.2 mm
in the y-axis, as compared to 9.2 and 12,5 mm, respec-
tively, for conventional SPECT.** Compared to a
standard SPECT system, the D-SPECT camera was
demonstrated to have energy resolution ~ 2 times better,
a point-source sensitivity ~5 times higher, and a
superior count-rate capability.“ For the General Electric
Discovery NM 530c® camera SPECT resolution at
15 cm evaluated using three point sources with scatter
was determined to be 5.4 mm, compared to 9.4 mm for
conventional SPECT with a dual-head state-of-the-art
Nal detector.®” It should be emphasized that since these
experiments evaluating system performance were per-
formed independently for each of the cameras, not
necessarily with settings used for clinical imaging, and
since experimental parameters differed for each system,



Journal of Nuclear Cardiology
Volume 19, Number 3;551-81

it is not possible to draw direct comparisons. In fact,
efforts to perform a more representative comparisons
show that the performance of these cameras are very
similar.*®* Nevertheless, these innovative cameras,
which combine advancements in detector characteris-
tics, collimation, and SPECT processing software,
represent a tremendous advancement in the field of
Nuclear Cardiology, enabling a significant decrease in
image acquisition time, radiopharmaceutical dose, or
both,

CLINICAL RESULTS

Software Methods

In a single-center study of 50 patients, Borges-Neto
et al'® reported similar myocardial perfusion SPECT
quality using WBR® (UltraSPECT, Ltd.) “‘half-time”’
software compared to standard ‘‘full-time’’ SPECT
acquisitions acquired on a standard dual-head sodium
iodide detector and processed with FBP. Subsequently,
in a prospective series of 156 patients DePuey et al'
reported that the image quality of gated perfusion
SPECT obtained with both Evolution® software (Gen-
eral Electric Medical Systems), incorporating OSEM
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and resolution recovery, and ‘‘half-time’’ WBR® soft-
ware, incorporating these advancements as well as noise
compensation, were both equivalent or superior to gated
full-time FBP scans (Figures 14, 15). However, these
authors observed that left ventricular functional param-
eters determined by both of these ‘‘half-time’’ methods
differed significantly from those derived from *‘full-
time’” FBP processing. LVEF’s averaged 3-9 points
lower with “‘half-time’’ processing compared to those
obtained using ‘‘full-time’> FBP processing. Basso
et al*’ reported similar results in a series of 47 patients.
Reduced-time WBR® yielded image quality superior to
that obtained with full-time FBP, In patients with
perfusion defects summed difference scores (SDSs)
were similar by both methods, but as reported by
DePuey et al, LVEFs were 9%-10% lower with the
WBR® method. In a prospective trial, Marcassa et al*’
studied 52 patients undergoing a rest/stress Tc-99m
sestamibi protocol with ‘‘tull-time’” SPECT processed
with FBP and ‘‘half-time’> SPECT processed with
WBR®. In addition, 40 other patients received half the
usual radiopharmaceutical dose and underwent ‘‘double-
time’’ SPECT processed with FBP and ‘‘full-time”’
SPECT processed with WBR®. These investigators
reported that for either the ‘‘full-dose/half-time’ or

Figure 14. Comparison of myocardial perfusion stress (A) and rest (B} SPECT acquired ‘‘full-
time”’ and processed with FBP (fop rew), compared to “‘half-time" SPECT processed with
Evolution® software (bottom row), incorporating OSEM iterative reconstruction and resolution
recovery. A single-day rest/stress 9/32 mCi Tc-99m sestamibi protocol was used. Image quality and
resolution of the fixed anterior perfusion defect in this patient with a documented prior myocardial
infarction is equivalent using the ‘‘full-time’’ and ‘‘half-time” acquisition and processing
techniques. Courtesy Gordon DePuey, St. Luke’s-Roosevelt Hospital, New York, NY.
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<«Figure 15. Comparison of myocardial perfusion stress SPECT
acquired “*full-time”" and processed with FBP (A), compared to
“half-time’* SPECT processed with WBR® software, incorpo-
rating OSEM iterative reconstruction, resolution recovery, and
noise compensation (B). A single-day rest/stress 9/32 mCi Tc-
99m sestamibi protocol was used. Image quality and resolution
of the reversible inferior perfusion defect in this patient with a
documented RCA stenosis is superior using the ‘‘half-time’’
acquisition and processing techniques. Comparing gated post-
stress SPECT image quality for the ‘‘full-time’’ (C) and ‘‘half-
time'’ (D) techniques, the former provided better image quality
with superior definition of the endocardial borders. Courtesy
Gordon DePuey, St. Luke’s-Roosevelt Hospital, New York, NY.

“‘half-dose/full-time’’ WBR® methods image quality
and defect characteristics (SSSs) did not differ signif-
icantly from standard acquisition and FBP processing
methods.

In a prospective study reported by Druz et al,** 434
patients underwent ‘‘full-time’’ (20 second/stop) dual-
isotope TI-201/Tc-99m sestamibi SPECT processed
with FBP, followed by half-time (10 second/stop)
SPECT processed with WBR®. For experienced nuclear
cardiologist interpreting the scans diagnostic certainty
was better for the ‘‘half-time”” WBR® scans, The
percentage of ‘‘equivocal’’ interpretations decreased
from 35 to 9 (P < .0001). In a subgroup of patients who
underwent coronary angiography, there were no differ-
ences in diagnostic sensitivity, specificity, or accuracy
between the two methods.

Using Astonish® software developed by Phillips,
incorporating resolution recovery and a different
reduced-time software processing method, in a series
of 221 patients in whom ‘‘half-time’’ acquisitions were
simulated by dropping every other frame/stop of data
during a 180° SPECT acquisition, Venero et al observed
myocardial perfusion defect characteristics to be nearly
identical to the ‘‘full-time’’ and simulated ‘‘half-time”’
techniques. Left ventricular functional parameters cor-
related well using the standard and reduced-time
methods** (Figure 16). ‘‘Half-time”* SPECT simulated
with this ‘‘data stripping’’ method combined with Gd-
153 line-source AC has also been reported to improve
diagnostic certainty as compared to non-attenuation-
corrected simulated ‘‘half-time** SPECT.**

In a later report, DePuey et al* imaged 209 patients
prospectively at rest and following exercise or pharma-
cologic stress (9/32 mCi **™Tc-sestamibi) full-time
processed with OSEM, and again '‘quarter-time”’ pro-
cessed with a modified WBR® algorithm (Xpress-3°,
UltraSPECT, Ltd.), incorporating a noise compensation
technique more rigorous than the one employed for the
previously described ‘‘half-time’’ technique (Fig-
ure 17). Blinded observers graded scan quality
(1 = poor to 5 = excellent) based on myocardial

DePuey 565
Advances in SPECT camera software and hardware

uniformity, endocardial/epicardial edge definition, and
background noise. Perfusion defects were scored using a
17-segment model. Using three commercially available
software methods, EDV, ESV, and LVEF were calcu-
lated. They demonstrated that by employing this more
rigorous noise compensation algorithm ‘‘quarter-time”’
perfusion SPECT afforded image quality, defect char-
acterization, and functional assessment equivalent to
full-time OSEM, providing the potential for even more
markedly decreased SPECT acquisition times and/or
radiopharmaceutical doses. However, just as described
above for WBR® “‘half-time’’ processing, these authors
observed that left ventricular functional parameters
determined by ‘‘quarter-time’’ WBR® averaged 3-9
points lower than those obtained using ‘‘full-time’’
OSEM processing. They postulated that the lower
LVEFs obtained with ‘‘quarter-time’> WBR® resulted
from more accurate tracking of the motion of the left
ventricular valve plane during ventricular systole, and
therefore seemed to better correspond to visual estima-
tion of LVEF. Consequently, they recommended that
when following an individual patient, the same acqui-
sition and processing methods should be used to
determine functional parameters. Ideally, normal dat-
abases should be determined for each commercially
available method used to determine left ventricular
functional parameters.

Subsequently, using ‘‘half-time’’ WBR® software,
DePuey et al*® studied 156 consecutive patients in
whom rest and 8-frame gated post-stress myocardial
perfusion SPECT were performed following 9-12 mCi
and 32-40 mCi Tc-99m sestamibi injections, respec-
tively, with full-time (rest = 14 minutes;
stress = 12.3 minute) acquisitions processed with
OSEM, and also separate ‘‘half-time’ acquisitions
processed with WBR®. A separate group of 160 con-
secutive patients matched in gender, weight, and chest
circumference received ‘‘half-dose’” rest and stress
injections (5.8 = 0.6 and 17.5 + 2.5 mCi) with full-time
SPECT acquisitions, Image quality was again scored
based upon myocardial count density and uniformity,
endocardial edge definition, perfusion defect delinea-
tion, right ventricular visualization, and background
noise. ‘‘Half-time”’ and “‘half-dose’’ WBR® non-gated
and gated image quality were both superior to standard
full-time OSEM (P’s < .001). Mean image quality for
rest, stress, and post-stress gated images were similarly
excellent for ‘‘half-time”’ and ‘‘half-dose” WBR®
(Figure 18). There was no significant difference between
the summed stress and the rest scores for ‘‘full-time’’
OSEM versus ‘‘half-time’”> WBR® in 82 patients with
perfusion defects. Therefore, these authors concluded
that software methods that cope with reduced myocar-
dial perfusion SPECT count density can be applied
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Figure 16, Comparison of myocardial perfusion stress SPECT from a normal subject acquired
““full-time"" and processed with FBP (top row), and with reduced count density Astonish® software,
incorporating OSEM iterative reconstruction and resolution recovery (middle row). By means of
“data sll’(ig)ping“ a “‘half-time’* SPECT acquisition was simulated, which was also processed with

Astonish

software (bottom row), Short axis (A), vertical long axis (B), and horizontal long axis

(C) tomograms are displayed. Image quality and resolution are equivalent for the ‘‘full-time’” and
“half-time"’ techniques.4 Courtesy Gary Heller, Hartford Hospital, Hartford, CT.

equally well to reduced-time or reduced radiopharma-
ceutical dose scans.

Combined Hardware and Software
Methods

Using the 1Q SPECT® cardio-focused collimator in
conjunction with Flash-3D® reduced count density
reconstruction software (Siemens Medical Solution)
and AC, Vija et al*®*® demonstrated in Data Spectrum
phantoms studies and one clinical patient example that

myocardial perfusion SPECT image quality was com-
parable in 4-minute 1Q SPECT® scans as compared to
standard 20-minute acquisitions acquired with a LEHR
collimator (Figure 19).

In a prospective, multi-center trial of 448 patients in
whom full-time gated SPECT acquisitions and simulated
“half-time*’ acquisitions were compared qualitatively
and quantitatively with regards to perfusion defect
characteristics and functional parameters, Maddahi
et al*’ reported the results of reduced-time myocardial
perfusion SPECT acquired on the Cardius® upright
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«Figure 17. Comparison of myocardial perfusion stress and rest
SPECT in a normal patient acquired *‘tull-time’’ and processed
with OSEM iterative reconstruction (A), compared to *‘quarter-
time”* stress SPECT processed with WBR® X-press 3% software,
incorporating OSEM iterative reconstruction, resolution recov-
ery, and a more rigorous noise compensation (B). A single-day
rest/stress 9/32 mCi Tc-99m sestamibi protocol was used. Image
quality and resolution are superior using the ‘‘quarter-time’’
acquisition and processing techniques. Comparing gated post-
stress SPECT image quality for the “‘full-time’’ OSEM (C) and
“hali-time”” WBR™ (D) techniques, the former provided better
image quality with superior definition of the endocardial borders.
Courtesy Gordon DePuey, St. Luke’s-Roosevelt Hospital, New
York, NY.

camera employing CsI solid-state detectors and reduced
count density nSPEED® software, incorporating OSEM
reconstruction and resolution recovery (Digirad, Inc).
They demonstrated that reduced-time acquisition image
quality was at least as good as, and often superior to that
obtained with full-time acquisitions. In 19.2% of stress
tomograms and 19.4% of resting tomograms nSPEED®
image quality was superior to standard SPECT image
processing. The two techniques provided diagnostically
equivalent images (Figure 20). Quantitative perfusion
defect severity was not significantly different. These
authors also observed an excellent correlation
(r's > 0.96) of functional parameters (LVEF, EDV,
and ESV) comparing these two acquisition methods.
The implication is that this new halftime method can be
substituted reliably for full-time SPECT acquisition.
Complementing the ability to preserve excellent image
quality despite lower counting statistics, the Cardius
X-ACT® upright camera incorporates advantages of
upright, cardiocentric imaging, and low-dose AC
(Figure 21).

The initial clinical validation of the D-SPECT®
camera was reported by Sharir et al*® in a single-center
prospect of series of 44 patients who underwent a single-
day stress/rest Tc-99m sestamibi protocol. Patients
underwent conventional SPECT with 16- and 12-minute
acquisitions and also high-speed D-SPECT® 4- and
2-minute acquisitions. Image quality of the D-SPECT®
images acquired in much less time were excellent, and
there was a close linear correlation between summed
stress scores (SSSs) and summed rest scores (SRSs)
(r’'s = 0.93, P’s = .0001) determined by semiquantita-
tive visual analysis (Figure 22). Diagnostic confidence
in image interpretation was also similar for the two
modalities.

This initial evaluation of the D-SPECT camera was
followed by a large multi-center trial in which 238
patients underwent myocardial perfusion SPECT using a
variety of exercise and pharmacologic stress single- and
dual-isotope protocols.*® A variety of commercially
available standard scintillation cameras was used to
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acquire rest and stress SPECT acquisitions for approx-
imately 20 and 15 minutes, respectively. D-SPECT®
acquisitions were also acquired on all patients for 4 and
2 minutes, respectively. An additional 63 patients with a
low pre-test likelihood of coronary artery disease were
studied to establish method- and gender-specific normal
limits. These investigators demonstrated an excellent
correlation between quantitative total perfusion stress
and rest defect scores for the two separate imaging
modalities (r's = 0.95 and 0.97, respectively,
P’s < .0001) and excellent correlations for post-stress
ejection fraction and end-diastolic volumes (r’s = 0.89
and 0.97, respectively). There was also a good concor-
dance with regards to assignment of perfusion
abnormalities to specific vascular territories (>90%
agreement). They concluded that the D-SPECT® high-
speed technology provides quantitative measures of
myocardial perfusion and function comparable to those
with conventional SPECT in approximately 1/7th of the
acquisition time.

The initial clinical validation of the Discovery NM
530c® solid-state camera was reported by Esteves
et al.** One hundred sixty-eight patients underwent a
single-day rest/stress Tc-99m tetrofosmin protocol. All
patients were imaged using conventional dual-detector
cameras for 14 minutes for gated resting imaging and
12 minutes for gated post-stress imaging. Similar gated
SPECT imaging datasets were acquired on the Discov-
ery® camera but with acquisition times of only 4 and
2 minutes, respectively (Figure 23). There was a >90%
correlation in interpretation of the presence or the
absence of perfusion defects on a per-patient basis.
Correlation coefficients of rest and stress left ventricular
ejection fractions were 0.87 and 0.90, respectively.
Similarly, excellent correlations were reported for rest
and stress end-systolic and end-diastolic volumes
(s > 0.94). Thesc and other investigators concluded
that the Discovery NM 530¢® solid-state camera allows
a more than 5-fold reduction in scan time and provides
clinical perfusion and function information equivalent to
conventional dual-head SPECT.”"

Taking advantage of the Discovery® camera’s list-
mode capabilities, Herzog et al®! reconstructed SPECT
scans of varying duration from 1 to 6 minutes and
compared results visually and semiquantitatively to full-
time SPECT scans acquired on a standard dual-head Nal
detector camera to determine an optimal scan acquisi-
tion time. Their results revealed that optimal imaging
times are 3 minutes for resting SPECT and 2 minutes
for post-stress SPECT using a conventional single-day
low-dose rest/high-dose stress protocol. In a large
retrospective study, Duval et al compared the myocar-
dial count density and overall quality of low-dose
Tc-99m sestamibi  stress-only myocardial perfusion
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Figure 18, WBR® ‘‘half-time”’ Xpress® software was used to reconstruct this reduced-dose rest/
stress (6.2/17.3 mCi) Tc-99m sestamibi ‘‘full-time’’ SPECT scan in a normal male patient with a
38" chest circumference. Image quality is excellent and comparable to a *‘full-dose,”” *‘full-time”’
study processed with OSEM iterative reconstruction,

SPECT (209 patients) with high-dose stress-only SPECT
(140 patients) and with high-dose stress SPECT images
acquired as part of a standard low-dose rest/high-dose
stress protocol (368 patients),” The average injected Te-
99m sestamibi activities were 12.5, 29.2, and 41.7 mCi,
respectively. SPECT imaging acquisition times were
3 minutes for the low-dose patients and 5 minutes for

the other two patient groups. These authors observed
that the myocardial count density and image quality of
the low-dose 5-minute scans were equivalent to those in
the other two groups in which the injected dose was
higher and the image acquisition time was shorter.
Moreover, as discussed below, using this protocol they
documented the feasibility of performing a stress-only
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Figure 19. In this patient with an anterior/apical myocardial infarct SPECT was acquired first with
a parallel-hole collimator with AC, and then with the IQ SPECT® collimator and AC. Stress and
rest SPECT acquisition times were 15 and 20 minutes, respectively, for the parallel-hole collimator
acquisitions; and 4 and 4 minutes, respectively, for the IQ SPECT® acquisitions. CT AC was
performed with an exposure of 0.2-0.4 mSv. Top row parallel-hole stress with AC; second row
parallel hole rest with AC; third row 1Q SPECT® stress with AC; fourth row 1Q SPECT® rest with
AC., Courtesy James Corbett, University of Michigan, Ann Arbor, MI.
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Figure 20. In this patient with an extensive inferolateral infarct SPECT was acquired on an upright
Digirad solid-state detector camera, Images were acquired simultaneously ‘‘full-time’’ (fop row of
each orthogonal tomogram) and ‘‘half-time"" (bottom rows). ‘‘Full-time’’ SPECT was processed
with OSEM iterative reconstruction. ‘‘Half-time’* SPECT was processed with nSPEED® software,
incorporating resolution recovery and noise compensation. Image quality is slightly superior for the
““half-time’’ technique. Courtesy Jamshid Maddahi, David Geffen School of Medicine at UCLA,
Los Angeles, CA.
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Figure 21. A Stress (fop row) and rest (bottom row) supine SPECT was performed in this patient
with an ischemic cardiomyopathy using a conventional dual-head Nal detector. In these vertical
long axis tomograms the ventricle is markedly dilated, and there appear to be extensive, fixed
perfusion abnormalities involving the apex and inferior wall. B The stress and rest (first and second
rows, respectively) acquisitions were repeated on the Digirad X-ACT® camera with the patient
sitting upright, There is partial resolution of the fixed inferior defect, indicating that with supine
SPECT it was at least in part attributable to diaphragmatic attenuation. With additional AC (third
and fourth rows) there is complete resolution of the inferior defect, indicating that with supine
SPECT it was entirely attributable to diaphragmatic attenuation, There is also partial resolution of
the resting apical defect, indicating some degree of stress-induced ischemia. Courtesy Gordon
DePuey, St. Luke’s-Roosevelt Hospital, New York, NY.

protocol with only 12.5 mCi and a 5-minute acquisition
time using the new Discovery® camera, thereby signif-
icantly limiting patient radiation dose.

The very rapid imaging capability of the Discovery
NM 530¢® camera provides the opportunity for adjunc-
tive techniques to potentially improve the diagnostic
capabilities and accuracy of myocardial perfusion
SPECT. Respiratory gating, which diminishes cardiac
motion and potentially decreases diaphragmatic

attenuation, thereby increasing diagnostic specificity,
has been reported.>® Buechel et al compared SPECT
acquisitions triggered with breath-holding at deep inspi-
ration to separate acquisitions acquired with x-ray AC
but without breath-holding. Of 13 attenuation artifacts
identified by AC, 4 (31%) were also partially unmasked
by breath-holding. Pazhenkottil et al reported that by
prolonging image acquisition time slightly to 5 minutes,
gated image quality may be improved sufficiently to
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Figure 22. In this patient with a BMI of 28.3 a rest/stress SPECT scan was acquired on the D-
SPECT® camera with significantly reduced Tc-99m sestamibi activity and image acquisition times,
The patient received 3.5 mCi at rest and 8.0 mCi at stress. Acquisition times were 12 and 5
minutes, respectively. Image quality is excellent despite the reduced injected activity and scan

acquisition times. Courtesy Spectrum Dynamics.

evaluate left ventricular dyssynchrony.> These investi-
gators compared histogram bandwidth determined by
phase analysis (Emory Toolbox®) of resting gated
myocardial pertusion SPECT in 46 patients undergoing
15-minute SPECT on a standard dual-head Nal detector
camera and 5-minute SPECT on the Discovery® camera
and found no significant differences or the results
obtained by the two methods. Hybrid imaging with
x-ray CT, available with the Discovery® camera, allows
for AC and image fusion with CT coronary
angiography.”>*¢

ON THE HORIZON

Simultaneous Dual-Isotope SPECT

As described above, CZT solid-state detectors
provide improved energy resolution as compared to
Nal detectors. With improved discrimination of the
photopeaks of Tc-99m and 1-123, there is considerable
future potential for simultaneous imaging of the radio-
pharmaceuticals labeled with these two isotopes.
Similarly, T1-201 emissions are better discriminated
from Tc-99m photons using CZT detectors. Using the
D-SPECT® camera, Berman et al®’ implemented a
20-minute sequential stress T1-201/resting Tc-99m pro-
tocol, demonstraling similar image quality to that
obtained using a standard rest/stress Tc-99m protocol,
The advantage of using TI-201 for stress imaging is its
higher myocardial extraction, potentially allowing
improved detection of stress-induced myocardial perfu-
sion defects. Ben Haim et al®® performed simultaneous

2.0 mCi resting T1-201/6.8 mCi stress Tc-99m dual-
isotope SPECT using the D-SPECT® camera in 27
consecutive patients and reported that image quality,
diagnostic results, and SSS and SRS that were closely
correlated with those obtained using a separate rest TI-
201/stress Tc-99m protocol in the same patients. Data
were processed using a spill-over and scatter correction
method, presumably minimizing the ‘‘hole-tailing’’
effect described above (Figure 24).

First-Pass Imaging and Evaluation of
Coronary Flow Reserve

With high count-rate capabilities and list-mode
acquisition the new CZT solid-state cameras provide the
capability of performing high-quality first-pass radionu-
clide ventriculography.®” Right ventricular function can
be more accurately evaluated with first-pass imaging as
compared to either planar equilibrium radionuclide
ventriculography (MUGA) or gated myocardial perfu-
sion SPECT. Assessment of left ventricular function
during peak pharmacologic stress with either dobuta-
mine or coronary vasodilators may be possible at the
time of radiopharmaceutical injection. The adjunctive
evaluation of left ventricular function at peak stress and
at rest in conjunction with myocardial perfusion SPECT
may increase diagnostic sensitivity and specificity of the
latter,

An even more tantalizing potential capability is the
assessment of coronary flow reserve® Myocardial
uptake of radiotracer is determined at stress and during
peak pharmacologic coronary vasodilatation. It is now
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possible to assess coronary flow reserve by this means
using N-13 ammonia or Rb-82 PET. Quantification of
coronary flow reserve has been demonstrated to provide
adjunctive, prognostic value to myocardial perfusion
PET.> The sensitivity of myocardial perfusion imaging
is improved by the capability of detecting ‘‘balanced’’
ischemia, i.e., an equivalent, absolute decrease in
myocardial perfusion in all vascular territories. Count-
rate capabilities with the new solid-state detectors are
now adequate to determine time-activity curves from the
left ventricular cavity (input function) and from the
myocardium (output function). Myocardial uptake is
determined from these data using a two-compartment
model, and a regional coronary flow reserve index is
calculated as the ratio between myocardial uptake at
stress versus rest. Although this technique has not yet
been validated for SPECT systems, it seems promising.
However, as compared to PET, SPECT methodology
may be limited by the blunted myocardial extraction of
Tc-99m sestamibi and tetrofosmin at high coronary flow
rates. Moreover, to determine absolute myocardial blood
flow AC, currently only available as an option on the
Digirad X-ACT® and General Electric Discovery NM
530c® camera, is required.

Stress-Only Imaging

Stress-only myocardial perfusion SPECT has been
demonstrated to be a practicable protocol in patients
with no prior history of myocardial infarction and a
relatively low pre-test likelihood of coronary artery
disease. A normal stress-only scan confers the same
favorable prognosis as a normal scan acquired using a
conventional rest/stress protocol.”° Stress myocardial
perfusion SPECT with only a 5 mCi Tc-99m dose and a
12-16-minute acquisition time using a conventional
dual-head Nal detector camera has been recently
reported to be feasible in non-obese patients (Fig-
ure 25).%" Apart from reducing the patient’s time in the
imaging laboratory and increasing laboratory efficiency
by eliminating the resting scan, this protocol signifi-
cantly decreases patient radiation exposure. Using the
new software and hardware methods described above,
which provide excellent image quality despite lower
myocardial SPECT counting statistics in combination
with a stress-only protocol, an even further reduction in
patient radiation dose is feasible.

AC has been demonstrated to allow physicians to
increase their confidence in interpreting stress-only
studies as definitely normal or definitely abnormal and
to reduce the need for resting imaging.®? In a multi-
center trial of 110 patients, Bateman et al* compared
““full-time’” myocardial perfusion SPECT acquired on a
conventional dual-head Nal detector camera processed
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with FBP to scans ‘‘stripped’’ of data to produce ‘‘half-
time'’ scans, which underwent Gd-153 line-source AC
and were then processed with Astonish® reduced-time
software. These investigators demonstrated improved
image quality, diagnostic certainty, diagnostic sensitiv-
ity, and diagnostic specificity using this advanced
software processing method in conjunction with AC.
Moreover, perfusion defect SSSs and gated LVEFs were
similar using the ‘‘full-time’’ and attenuation corrected
“half-time’’ methods. Therefore, it seems that a combi-
nation of new software and hardware methods that cope
with lower counting statistics and AC is optimal for
stress-only imaging both to decrease patient radiation
dose and to improve diagnostic confidence and accuracy.

CONCLUSIONS AND COMMENTARY

The new software and hardware methods described
above have been convincingly demonstrated to decrease
SPECT acquisition time, injected radioactivity, or both.
The potential advantages of shortening image acquisi-
tion time are considerable. Patient tolerance is
improved, the opportunity for patient motion is
decreased, and laboratory throughput is improved.
Decreasing radiopharmaceutical doses while maintain-
ing a longer acquisition time to decrease patient
radiation exposure effectively addresses concerns of
the public and the media and the latest recommendations
by the American Society of Nuclear Cardiology. Com-
bining these two potential advantages, there is the
opportunity to ‘‘customize’’ scan protocols to meet
specific patient requirements, For example, in a younger
patient in whom radiation exposure is a concern, a
reduced radiopharmaceutical dose and a relatively
longer acquisition may be preferable. In an elderly,
arthritic, or uncooperative patient unable to tolerate a
12-15-minute SPECT acquisition, a full radiopharma-
ceutical dose and reduced-time SPECT acquisition
would be beneficial. In an obese patient, in order to
increase image counting statistics, as an alternative to
“weight-based’’ (e.g., increased) radiopharmaceutical
doses, a standard or reduced dose could be given in
combination with a ‘‘full-time’’ or even prolonged
SPECT acquisition with an image acquisition time
customized to provide adequate counting statistics.

Although reduced image acquisition time and/or
decreased radiopharmaceutical dose(s) are obvious
potential clinical advantages of the software and hard-
ware methods described above, these method also may
potentially hold promise in improving the diagnostic
capabilities of myocardial perfusion SPECT due to their
ability to cope with lower image counting statistics. For
example, investigators have already reported improve-
ment in image quality by adding respiratory gating.”®
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«Figure 23, A Stress and rest standard-dose Tc-99m sestamibi
myocardial perfusion SPECT was acquired on a conventional
dual-detector Nal camera. SPECT acquisition times were 12
and 14 minutes, respectively. A severe and extensive fixed
inferolateral perfusion defect is present. B Images were each
reacquired on the Discovery NM 530¢® camera with markedly
reduced acquisition times: 2 and 4 minutes, respectively.
Image quality is equivalent to that with the *‘full-time’’
conventional camera acquisition. Courtesy Ernest Garcia,
Emory University, Atlanta, GA.
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However, these potential capabilities to increase diag-
nostic accuracy should be explored much more fully.
For example, it is very likely possible to increase the
number of gated frames per cardiac cycle from & or 16 to
>24, thereby providing both a more accurate ejection
fraction and the potential for accurate quantitative
analysis of systolic emptying and diastolic filling (i.e.,
peak systolic emptying rate and peak diastolic filling
rate). Also, it would be highly desirable to ‘‘freeze”

Figure 24. Simultancous 2.0 mCi resting TI-201/7.0 mCi stress Te-99m sestamibi dual-isotope
myocardial perfusion SPECT using the D-SPECT® CZT solid-state dedicated cardiac camera, Data
were processed using a spill-over and scatter correction method.*™ Courtesy Spectrum Dynamics.



578 DePuey
Advances in SPECT camera software and hardware

One Day

Journal of Nuclear Cardiology
May/June 2012

10Z0/2011 12:38

5 1O |

o il Shoit Axrs

STRESSIG)

STRESS(G)
Date: 2011/10/20 12:38
SA Pixel Size: 6.40mm

SA Thickness: 6.40mm

Amoton correcied)

- Soptal Vertical Axs Ladeial

s Infierion Horzantal Axs AnIETIOT «oeee e

Figure 25, Stress-only myocardial perfusion SPECT was performed using a conventional dual-
head Nal detector camera and only a 5 mCi Tc-99m sestamibi dose and a 16-minute acquisition
time in this male patient with a 43" chest circumference, Images were reconstructed using WBR
Xpress3® “‘quarter-time”’ software, Because the SPECT images were unequivocally normal, a
subsequent resting scan was unnccessary, thereby markedly decreasing patient radiation exposure.
Courtesy Gordon DePuey, St. Luke’s-Roosevell Hospital, New York, NY.

cardiac motion by means of summing only end-diastolic
gated frames in the summed perfusion tomograms, as
describe more than a decade ago by Taillefer et al® to
increase diagnostic sensitivity in detecting perfusion
abnormalities. However, heretofore such techniques
have not been practical because they significantly

decrease image counting statistics and thereby introduce
noise and potential artifacts. For example, the diagnostic
accuracy of end-diastolic imaging was confounded by
more marked soft tissue attenuation artifacts. However,
now by combining advanced techniques that cope
with lower counting statistics and AC, end-diastolic
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‘“freeze-frame’” SPECT wmay be feasible. Other potential
advantages of shorter acquisition times include the use
of Tc-99m teboroxime, which is highly extracted by the
myocardium but clears very rapidly, necessitating a
rapid SPECT acquisition. There is also the possibility of
performing gated SPECT acquisitions during dobuta-
mine infusion to evaluate functional reserve as well as
viability in a manner similar to that which is routinely
accomplished with stress echocardiography. These
applications most likely require SPECT acquisition
times <S5 minutes and list-mode acquisition, which are
now clearly practical using a variety of the technical
advancements described above.

If indeed the technical advancements reviewed in this
article prove not only to decrease SPECT acquisition time
and decrease radiation exposure but also to improve
diagnostic accuracy in the detection of coronary artery
disease, the Nuclear Cardiology community may be faced
with the daunting task of reevaluating the diagnostic
accuracy and prognostic value of myocardial perfusion
SPECT. Such research would likely entail a prospective
trial or trials with coronary angiographic correlation and
extensive patient follow-up. Clearly, such an endeavor is
too comprehensive and expensive to be undertaken by only
one group of investigators or one instrumentation or
software vendor, Such an effort will require sponsorship by
national organizations and probably the Federal Govern-
ment. However, if funding and sponsorship were available,
before embracing this potential opportunity we should ask
ourselves ‘‘Is now the time?”’ Are there radiopharmaceu-
ticals on the horizon more highly extracted by the
myocardium that will increase diagnostic accuracy? Do
we anticipate further advancements in SPECT or PET
technology that are worth waiting for? In the meantime,
though, we should certainly embrace, tout, and clinically
implement the remarkable myocardial perfusion SPECT
technical advancements described above,
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CE Quiz

1. Which of the following is NOT an advantage of
iterative reconstruction software techniques over fil-
tered back projection?

a.
b.

c.
d.

Increased sensitivity to perfusion defects
Elimination of artifacts related to extracardiac
activity

Improved spatial resolution

Enhanced LV endocardial border definition

2. Which of the following is true about new advances in
altenuation correction?

a.

b.

Attennation correction scans can be performed
with as little as 0.2-0.4 mSv

Misregistration is no longer an issue with new
attenuation correction techniques

Computed tomography is required for adequate
attenuation correction

Patient motion artifacts are not a limitation of the
Digirad Cardius X-ACT® camera attenuation
correction techniques

3. Clinical studies have shown all of the following
benefits of SPECT image processing with wide beam
reconstruction software as compared to filtered back
projection EXCEPT:

a. Similar or improved image quality
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b. Similar summed stress score
c. Similar LV functional parameters
d. Half-dose or half-time imaging

4. Which of the following is NOT a recent software
technical advancement for SPECT reconstruction?

a. Noise reduction

b, Iterative reconstruction
c. Resolution recovery

d. Filtered back projection

5. Advantages of direct solid-state detectors (i.e. cad-
mium zinc telluride semiconductors) include:

a. Improved intrinsic efficiency for detecting 140
KeV gamma rays compared to sodium iodide
detectors

b. Improved energy resolution compared to sodium
iodide detectors

¢. Eliminated concern for ‘hole-tailing’’ effect
related to increasing semiconductor thickness

d. Use of probabilistic positioning circuitry to esti-
mate a scintigraphic event

6. A normal stress-only myocardial perfusion scan can
reduce the patient’s time in the imaging laboratory,
decrease patient radiation exposure, and have a
similar favorable prognosis compared to a conven-
tional rest/stress protocol,

a. True
b. False

7. Newer camera designs incorporating ‘‘cardiocentric’’
SPECT orbits:

a. Allow the heart to remain in the center of the field-
of-view

b. Increase severity of artifacts

¢. Overestimate perfusion defect size compared to
body-centered orbits

d. Have equivocal image quality compared to body-
centered orbits

See CME article, pp. 551-581
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Abstract

In the era when positron emission tomography (PET) seems to constitute the most
advanced application of nuclear medicine imaging, still the conventional procedure of single
photon emission computed tomography (SPECT) is far from being obsolete, especially if
combined with computed tomography (CT). In fact, this dual modality imaging technique
(SPECT/CT) lends itself to a wide variety of useful diagnostic applications whose clinical
impact is in most instances already well established, while the evidence is growing for
newer applications. The increasing availabllity of new hybrid SPECT/CT devices with
advanced technology offers the opportunity to shorten acquisition time and to provide
accurate attenuation correction and fusion imaging. In this review we analyse and discuss
the capabillties of SPECT/CT for improving sensitivity and specificlty in the imaging of both
oncological and non-oncological diseases. The main advantages of SPECT/CT are
represented by better attenuation correction, increased speclficity, and accurate depiction
of the localization of disease and of possible involvement of adjacent tissues. Endocrine
and neuroendocrine tumours are accurately localized and characterized by SPECT/CT, as
also are solitary pulmonary nodules and lung cancers, braln tumours, lymphoma, prostate
cancer, malignant and benign bone lesions, and infectlon. Furthermore, hybrid SPECT/CT
imaging is especially suited to support the increasing applications of minimally invasive
surgery, as well as to precisely define the dlagnostic and prognostic profile of
cardiovascular patients. Finally, the applications of SPECT/CT to other clinical disorders or
malignant tumours is currently under extensive investigation, with encouraging results In
terms of diagnostic accuracy.
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Abstract Go to;

Objective: To assess the clinical utility of SPECT/ CT in subjects with endocrine and neuroendocrine
tumors compared to SPECT alone,

Material and Methods: 48 subjects (31 women;17 men; mean age 54+11) with clinical suspicion or
diagnosis of endocrine and neuroendocrine tumor had 50 SPECT/CT scans (32 Tc-99m MIBI, 5 post
treatment I-131, 8 In-111 Pentetreotide, and 5 I-123 MIBG). SPECT alone findings were compared to
SPECT/CT and to pathology or radiological follow up.

Results: From the 32 Tc-99m MIBI scans, SPECT accurately localized the lesion in 22 positive
subjects while SPECT/CT did in 31 subjects. Parathyroid lesions not seen on SPECT alone were
smaller than 10 mm. In five post treatment I-131 scans, SPECT alone neither characterized, nor
localized any lesions accurately. SPECT/CT revealed 3 benign etiologies, a metastatic lymph node, and
one equivocal lesion. In 8 In-111 Pentetreotide scans, SPECT alone could not localize primary or
metastatic lesions in 6 subjects all of which were localized with SPECT/CT. In five [-123 MIBG scans,
SPECT alone could not detect a 1.1 cm adrenal lesion or correctly characterize normal physiologic
adrenal uptake in consecutive scans of the same patient with prior history of adrenelectomy, all of
which were correctly localized and characterized with SPECT/CT,

Conclusion: SPECT/CT is superior to SPECT alone in the assessment of endocrine and neuroendocrine
tumors. It is better in lesion localization and lesion characterization leading to a decrease in the number
of equivocal findings. SPECT/CT should be included in the clinical work up of all patients with
diagnosis or suspicion of endocrine and neuroendocrine tumors.

Conflict of interest:None declared.

Keywords: tomography, emission-computed, single-photon, endocrine gland neoplasms,
neuroendocrine tumors
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INTRODUCTION

It has been a decade now since tomographic hybrid scanners including SPECT/CT (Single-photon
emission computed tomography-computerized tomography) and PET/CT (positron emission
tomography-computed tomography) have been introduced into nuclear medicine. These techniques
provide a higher diagnostic accuracy than conventional non-tomographic scans (1).There has been a

proven emphasis on the SPECT/CT (8). Due to high investment expense and ongoing benefit to cost
analysis, the clinical utility of SPECT/CT still warrants proof of data expressing its superiority.
Incorporation of anatomic CT imaging with SPECT can increase the diagnostic capacity of these
imaging modalities, predominantly in subjects presenting with the diagnosis or suspicion of endocrine
and neuroendocrine tumors.Our aim was to assess the clinical utility of SPECT/CT compared with
SPECT alone, in the assessment of subjects with endocrine and neuroendocrine tumors,

MATERIALS AND METHODS Go to:

48 subjects (31 women; 17 men; mean age 54+11; age range 15-80 years) with clinical suspicion or
diagnosis of endocrine and neuroendocrine tumors had 50 SPECT/CT scans performed on the dual head
Siemens Symbia T6 SPECT/CT scanner between January 2010 and March 2012, Thirty-two of these
scans were Tc 99m MIBI, 5 were post treatment I-131 scans, 8 were In-111 Pentetreotide scans, and 5
were [-123 MIBG scans.

SPECT/CT Protocols

All SPECT scans were performed using a 128x128 matrix, 30 seconds /stop, total of 64 stops obtaining
128 projections, using non circular orbit. All SPECT data was processed using filtered back projection,
frequency cut off 0.5, order 5, and a second reconstruction using OSEM, 8 iterations and 16 subsets.

Tc-99m Sestamibi (MIBI) SPECT/CT scan: After intravenous administration of 1110 MBq Tc-99m
sestamibi, immediate SPECT/CT images were obtained from the lower face to mid chest using a low
energy collimator, energy setting at 140 KeV with 20% window, Following a 2-hour delay, repeat
SPECT/CT images were obtained of the same level. MIP (maximum intensity projection)
reconstructions were performed and the early and late images were compared side-by-side for
distribution and retention of radiotracer,

[-131 Post treatment scan with SPECT/CT scan: One week after oral administration of therapeutic dose
of I-131 raging between 1776-6031 MBgq, anterior and posterior whole body planar images were
obtained using a high energy collimator, energy settings at 364 KeV with 20% window and camera
speed of 8 cm/min, SPECT/CT images of the neck as well as the regions with equivocal findings were
obtained.

In-111 pentetreotide scan with SPECT/CT scan: 4 hours after the intravenous injection of the 222 MBq
In-111 pentetreotide, whole body anterior and posterior planar images were obtained using a medium
energy collimator, energy settings at 172 KeV and 247 KeV with 20% window and 10cm/min.
Approximately 24 hours later, repeat whole body images in the anterior and posterior views, as well as
SPECT/CT images of the regions with equivocal findings were obtained.

1-123 MIBG (Metaiodobenzylguanidine) scan with SPECT/CT scan: 24 hours after the intravenous
injection of 400 MBq I-123 MIBG, whole body anterior and posterior images were obtained using a
low energy high resolution collimator, energy settings at 159 KeV with 20% window, and 9cm/min. In
addition SPECT/CT images of the regions with equivocal findings were obtained.

CT scan: After oral administration of 20 cc gastroview mixed with 900 cc clear non-carbonated liquid
over the course of an hour, axial CT images of the area of interest were obtained using 2.5 mm

https://www.ncbi.nlm.nih.gov/pme/articles’lPMC3590979/ 4/28/2017
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collimation, 130 kVp, mAs of 20-60 for neck, and mAs of 40-80 for chest, abdomen, pelvis and
extremities, depending on body habitus, and pitch of 0.8 with a Siemens Symbia Té SPECT/CT
scanner.

Subjects

32 subjects with elevated parathyroid hormone levels had 32 MIBI scans, all of which were before a
parathyroid surgery. In these subjects lesion detection and localization with SPECT alone was
compared to SPECT/CT. Findings were correlated with pathology. For the other scans, including five
post treatment [-131 scans in 5 subjects with papillary thyroid cancer, eight In-111 Pentetreotide scans
(the primary tumor was well differentiated pancreatic endocrine neoplasm in 4 subjects, well
differentiated neuroendocrine neoplasm of small bowel in one subject, carcinoid tumor of the small
bowel in one subject, gastrinoma in one subject, and gastric carcinoid tumor in one subject), and five
1-123 MIBG scans in 4 subjects with suspicion of primary or recurrent pheochromocytoma, lesion
detection, characterization, and localization were compared between planar and SPECT and planar and
SPECT/CT images. The planar images and the SPECT alone component of the studies were interpreted
and the findings were recorded. Planar and SPECT/CT images were then evaluated and the findings
were recorded. Planar image findings and SPECT findings were compared to planar and SPECT/CT
findings. All findings were correlated with histopathology when available, or radiologic follow-up.

BESULTS Go to:

48 subjects with clinical suspicion or diagnosis of endocrine and neuroendocrine tumors had 50
SPECT/CT scans. Localization or characterization of scan findings with SPECT alone and with
SPECT/CT is summarized in Table 1.

Table 1

SPECT alone compared with SPECT/CT for accurate
localizationand/or characterization of endocrine and
neuroendocrine tumors

In 32 subjects who had a MIBI scan, SPECT correctly identified and localized the hyper functioning
parathyroid tissues in 22 subjects (61%), while SPECT/CT correctly identified and localized the hyper
functioning parathyroid tissues in 31 subjects (97%). Histopathology revealed adenoma in 29 subjects,
3 hyperplastic glands in 3 subjects. Parathyroid lesions not detected with SPECT alone in 10 subjects
all had size less than 10 mm.

In 5 post treatment I-131 scans, SPECT alone neither characterized nor localized any malignant lesions
or benign findings accurately. However, SPECT/CT correctly localized and/or characterized 3 benign
etiologies in 3 different subjects, a malignant lesion in the 4th subject and an equivocal finding in the
fifth subject. Figure | shows improved localization for a metastatic superior mediastinal lymph node.
Figure 2 illustrates characterization advantage of SPECT/CT by showing an incidental submandibular
gland duct stone causing obstruction which initially, on SPECT alone, was suspected to be a metastasis,

Figure |

A 15 year-old girl with papillary thyroid cancer and
totalthyroidectomy underwent radioiodine therapy with 3700
MBq I-131. Thel week post-therapy anterior (A) and posterior
(B) whole body imagesshowed bilateral intense tracer uptake
in the region of the ...

httos://www.ncbi.nlm.nih.eov/omc/articles/PMC3590979/ 4/28/2017
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Figure 2

A 42 year-old woman with papillary thyroid cancer and
totalthyroidectomy underwent radioiodine therapy with 6031
MBq I-131. 1week post-therapy anterior (A) and posterior (B)
neck/chest images showedmild uptake in the thyroid bed (small
arrow, image A) ...

In eight In-111 Pentetreotide scans, SPECT/CT was better than SPECT alone for lesion localization and
characterization in the liver, pancreatic head, bones or lymph nodes. Pathologic confirmation was
available for the 10 lesions (9 were malignant lesions one was benign), including liver metastases in 4
subjects, primary well differentiated endocrine tumor of the pancreas in one subject, retroperitoneal and
superior mesenteric lymph node metastases in one subject and mediastinal and perirenal lymph node
metastases in one subject and retroperitoneal lymph node in one subject. Two bone lesions did not have
pathologic confirmation but, follow-up diagnostic CT scans confirmed the osseous metastases.

Figures 3 illustrates detection and localization advantage for two osseous metastases. Figure 4 shows
improved localization leading to better characterization of a 9 cm primary pancreatic head mass.

Figure 3

A 58 year-old woman with carcinoid tumor of the small bowel
withknown liver metastases had an In-111 Pentetreotide scan.
Anterior (A) andposterior (B) planar images of the
abdominopelvic region show abnormal focaluptake is noted in
the inferior right ...

Figure 4

A 50 year-old man had a hyper vascular pancreatic head
massdetected on an abdominal CT scan. The patient had an In-
111 Pentetreotidescan to evaluate for tumor and to evaluate for
distant metastases. Anterior(A) and posterior (B) whole body

planar images ...

Four subjects had five I-123 MIBG scans as summarized in Table 1. In two subjects, large adrenal
masses with intense I-123 MIBG uptake were visible on both planar whole body and SPECT scans.
SPECT/CT did not reveal any additional abnormal findings. Surgical pathology was
pheochromocytoma in both. In the third subject with suspicion of pheochromocytoma, a 1.1 cm left
adrenal lesion had very mild asymmetric increased uptake, not very well identified on SPECT alone but
better visualized on SPECT/CT images. The fourth subject with prior history of adrenelectomy, had
normal physiologic adrenal uptake in consecutive scans. SPECT/CT correctly localized the uptake to
the single hyperplasic adrenal gland and subsequently characterized this finding as benign normal
finding,.

DISCUSSION Go to:

Computerized tomography (CT) is a conventional high-resolution anatomical imaging modality that
excels at providing details on lesion location, size, and morphology. However this modality does not
provide information regarding tumor physiology (9). Despite its high sensitivity and specificity, SPECT
alone is substantially limited by low spatial resolution and its inability to provide anatomical detail.
Dual-modality imaging systems which allow both functional and structural imaging to be performed
during a single imaging session improve image quality in comparison to functional imaging only (10).
Fusion imaging resulting from hybrid devices has been reported to be clearly giving better localization

httos://www.ncbi.nlm.nih.gov/pme/articles/PMC3590979/ 4/28/2017
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of disease and differentiation between physiologic and pathologic uptake (11,12,13,14). This study
emphasizes the clinical utility of SPECT/CT over SPECT alone in the assessment of endocrine and
neuroendocrine tumors.

In our study, the correct detection and localization of hyper functioning parathyroid lesions by SPECT/
CT (31 of 32 subjects) was superior to SPECT (22 of 32 subjects) alone. All lesions which were not
detected on SPECT alone in 10 subjects were smaller than 10 mm, SPECT/CT has a clear superiority
over SPECT in the detection and localization of parathyroid lesions smaller than 10 mm. This is most
likely secondary to poor spatial localization ability of SPECT alone in the absence of a precisely
registered CT, leading to its inability to confidently detect small sized lesions. One out of 32 subjects
who had an 8 mm adenoma in the left parathyroid gland detected in surgery was incorrectly localized
by SPECT/CT to the right. The suspicious uptake in the right was most likely due to statistical noise. In
this subject, 8 mm left parathyroid gland lesion could have been missed due to small size of the lesion
or tumor characteristics.

Our patient based sensitivity for dual phase MIBI and SPECT/CT was 97% and for SPECT alone 61%
respectively. In a retrospective study using dual phase MIBI and SPECT/CT in 94 patients the
sensitivity of SPECT/CT was reported as 92%, which is similar to our findings (15). In another study
with 116 patients, the sensitivity for SPECT/CT was slightly lower than our results with 88%, and the
sensitivity for SPECT was similar to our findings with 59% (16).

In five subjects with post-therapy I-131 scans, SPECT/CT correctly characterized areas of suspicious
uptake in three different subjects as physiologic or benign: physiologic thymic uptake, physiologic
bowel uptake and a submandibular gland duct stone causing obstruction. In the fourth subject with post
therapy 1-131 scan, the suspicious uptake in the upper chest region localized to a right superior
mediastinal lymph node which biopsy was proven to be metastatic thyroid tissue. In the last subject
SPECT/CT localized the uptake to be within a small nodule in the mesentery of the upper abdomen.
Follow-up surgical removal of this lesion was biopsy proven to be a benign epithelial cyst.

Previous studies in subjects who had post therapy I-131 scans and SPECT/CT reported similar findings
to our results: including reduction or elimination in uncertain findings and better lymph node
localization (17,18,19).

In 8 subjects who had In-111 Pentetreotide scans, SPECT/CT imaging improved lesion localization
compared to planar and SPECT imaging in multiple metastatic lesions in various locations. Even for the
very large lesions, SPECT alone was not helpful in lesion localization. A 9 cm pancreatic head mass
had focal intense uptake in the mid upper abdomen on the whole body images. By SPECT alone, it was
unclear if this was a large abdominal lymph node, an organ involvement or intense bowel uptake.
SPECT/CT localized this to the pancreatic head, and showed no other evidence of abdominal disease.
For the smaller lesions SPECT/CT was helpful both for detection and in almost all cases,
characterization. Our findings are in keeping with the current literature, documenting the diagnostic
value of SPECT/CT over planar and SPECT imaging in the assessment of neuroendocrine tumors with
In-111 Pentetreotide (20,21,22). Despite the overall benefits of SPECT/CT with In-111 Pentetreotide
scans in identifying and localizing disease in the majority of subjects, it was misinterpreted in one
subject. This subject had a pelvic mesenteric lymph node with mild uptake, which was characterized as
suspicious for residual disease or recurrence at the surgical site however, histopathology revealed
chronic inflammation and fat necrosis.

In 4 subjects who had five I-123 MIBG scans, 2 had very large left adrenal masses identified equally
well both on SPECT and SPECT/CT (one was 10 cm and other was 5 cm) consistent with
pheochromocytoma. However SPECT/CT was additionally helpful in these cases, as it did not reveal
any other metastatic foci elsewhere in these subjects. The third subject had a prior right adrenal

httos://www.ncbi.nlm.nih.gov/pmc/articles/PMC3590979/ 4/28/2017
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pheochromocytoma resection but remained symptomatic. In this case two SPECT/CT scans provided
convincing evidence of an anatomically normal but minimally hyperplastic left adrenal gland. The
fourth subject had mildly elevated vanillymandelic ascite (VMA) in the urine but normal plasma
metanephrine levels, The I-123 MIBG scan with SPECT/CT detected a 1.1 cm left adrenal lesion with
only mildly increased tracer uptake. Given these equivocal findings, a MRI scan was performed, which
was normal. Clinically, the patient was diagnosed as having subclinical pheochromocytoma, and did
not undergo surgery. A case report, with similar clinical picture to our subject, where subclinical
pheochromocytoma was diagnosed on histopathology was published by Minako et al (23). Another
study reported that I-123 MIBG SPECT or CT scanning alone were equally good for locating adrenal
medullary pheochromocytoma but the combination of MIBG SPECT and CT makes it possible to
distinguish between functioning and nonfunctioning adenomas (24).

Currently one major obstacle preventing routine clinical use of SPECT/CT is the high cost of
SPECT/CT machines (25). However, we believe that as data continues to prove their clinical utility,
this technology will become more widely available and a larger number of patients will be able to
benefit from combined SPECT/CT imaging.

CONCLUSION Go to:

In this study we show that functional SPECT and anatomic CT data obtained as a single study have
shown improvements in diagnostic imaging capability by improving lesion conspicuity, reducing false
positives, and clarifying indeterminate lesions by better localization compared to SPECT alone,
SPECT/CT is a very valuable and effective imaging tool in the assessment of patients with endocrine
and neuroendoctine malignancies and should be included in the clinical work-up of these patients rather
than SPECT alone.
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