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COUNSELORS AT LAW

Joan W. Feldman
Phone: (86(0) 251-5104
Fax: (860) 251-5211
ifeldman@goodwin.com

December 5, 2013

Kimberly Martone

Director of Operations
Department of Public Health
Office of Health Care Access
410 Capitol Avenue, MS#13HCA
P.O. Box 340308

Hartford, CT 06134-0308

RE: Purchase of a SPECT/CT Camera System

Dear Ms. Martone:

On behalf of Hartford Hospital, enclosed please find a Certificate of Need Application for the
purchase of a SPECT/CT Camera System. As requested, I have included 1 original and 4 hard
copies of the Certificate of Need Application in 3-ring binders along with a CD with the
electronic version of the enclosed documents and materials. Also attached to this letter is a
check in the amount of $500.00 for the filing fee.

Please do not hesitate to contact me at 860-251-5104 if you have any questions.

Sincerely,
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\(f?(%an W. Feldman

JWF/kad
Enclosures

ONE CONSTITUTION PLAZA HARTFORD, CONNEGTICUT 06103-1919 860-251-5000 WWW.SHIPMANGOODWIN.COM



Application Checlklist

Instructions:

1. Please check each box below, as appropriate; and
2. The completed checklist must be submitted as the first page of the
CON application.

X Attached is the CON application filing fee in the form of a
certified, cashier or business check made out to the "Treasurer
State of Connecticut” in the amount of $500.

X Attached is evidence demonstrating that public notice has been
published in a suitable newspaper that relates to the location of
the proposal, 3 days in a row, at least 20 days prior to the
submission of the CON application to OHCA. (OHCA requests
that the Applicant fax a courtesy copy to OHCA (860) 418-
7053, at the time of the publication)

EZ] Attached is a paginated hard copy of the CON application
including a completed affidavit, signed and notarized by the
appropriate individuals.

X Attached are completed Financial Attachments I and II.

K4 Submission includes one (1) original and four (4) hard
copies with each set placed in 3-ring binders.

: . A CON application may be filed with OHCA electronically
through email, if the total number of pages submitted is 50
pages or less. In this case, the CON Application must be

emailed to ohca@ct.qov.

iportant: For CON applications(less than 50 pages) filed
electronically through email, the singed affidavit and the check
in the amount of $500 must be delivered to OHCA in hardcopy.

X The following have been submitted on a CD

1. A scanned copy of each submission in its entirety, including
all attachments in Adobe (.pdf) format.

2. An electronic copy of the documents in MS Word and MS
Excel as appropriate.
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AFFIDAVIT

Applicant: Hartford Hospital

Project Title: Acquisition of a SPECT/CT Nuclear Camera System

|, Stuart Markowicz, Chief Executive Officer
(Individual's Name) (Position Title - CEO or CFO)

of Hartford Heospital being duly sworn, depose and state that
(Hospital or Facility Name)

Hartford Hospital’s information submitted in this Certificate of
(Hospital or Facility Name)

Need Application is accurate and correct to the best of my knowledge.

/4////4/ s

“Signature Date

Subscribed and sworn to before me on /- 2-/ =

ZZ St

Notary Public/Commissioner of Superior Court

My commission expires: 5 - 3/- /&

Florence N. Leishman
Notary Public
State of Connecticut
iy Commission Expires May 31, 2018
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HARTFORD HOSPITAL
ATTN: ACCOUNTS PAYABLE

PO BOX 5037
HARTFORD, CT 06102-5037

. THE FACE OF THIS DOCUMENT HAS A COLORED BACKGROUND ON WH

_51:67
119

Check Number
486274

Bank of America

| Five hundred ana 007100 Dollars

Pay to the orderof =~ o
TREASURER STATE OF CONNECTICUT
OFFICE OF HEALTHCARE ACCESS
410 CAPITAL AVE #MS13HCA
POBOX 340308, " ...
HARTFORD, CT~. ~ 06134-0308

oo THE BACK OF THIS:DOCUMENT CONTAINS LAID LINES/AND AN ARTIFICIAL: WATERMARK, HOLD AT AN ANGLE TOVIEW: . .00 & -0

Date -

~ Payment Amount

[ 1210372013 |

o ““*"$500.00‘|

VOID AFTER 90 DAYS

"LABZ7LI® 104 L0057 000 WL BOG3IEN

TREASURER STATE OF CONNECTICUT
OFFICE OF HEALTHCARE ACCESS

410 CAPITAL AVE #MS13HCA

PO BOX 340308

HARTFORD, CT 06134-0308

Entity

Vendor ID / Location .

Check Number

PNK

08112 008

486274

HARTFORD HOSPITAL

Invoice Number " Invoice Date

Gross Amount

Discount Amount - Withhalding Amount

‘Net Amount

CONAPPLSPECTFILING 11/26/2013
BARBARA DURDY CCH PLANNING- 860-972-4231

HHaz1485 103

500.00

0003
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W97 The Hartford Courant.

A TRIBUNE PUBLISHING COMPANY

Affidavit of Publication

State of Connecticut

County of Hartford

Friday, September 20, 2013

|, Susan Carta, do solemnly swear that | am Sales
Assistant of the Hartford Courant, printed and published

daily, in the state of Connecticut and that from my own
personal knowledge and reference to the files of said

publication the advertisement of Public Notice was

inserted in the regular edition.
On dates as follows: 9/10/2013

9/11/2013
9/12/2013
In the amount of $146.18
MINTZ & HOKE
254626
ZONE 6

$52.06
$47.06
$47.06

012139

Sales Assistant
Susan Carta

Subscribed and sworn to before me on September 20, 2013

;7
RENEE N. JANES
NOTARY PUBLIC

MY COMMISSION EXPIRES MAR. 31, 2018

~ Notary Public

2557993

0004

(12/05/13)



I PO# O
Mintz & Hoke
. CTNow Legals/B007/6

Section/Page/Zone

Client Name
Advertiser
Description

1748161
. E2557993
2x1

Insertion Number.

Ad Number
Size

STATUTORY REFERENCEC

B&W

Color Type

PUBLISHING
DIGITAL

Publication Date
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= Precious metal prices are at record high levels.

« We'll pay you on the spot.
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Statutory Reference:

Applicant:
-roject Address:

Proposal:

| Capital Expenditure:

Connecticut General Statutes §19a-638
Hartford Hospital .

Located on the Hartford Hospital campus
80 Seymour Street

Hartford, CT 06102

The Applicant intends to file a Certificate of Need

application with the State of Connecticut Office of

Health Care Access for purchase of a SPECT/CT
camera system.

$850,000

0006
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State of Connecticut
Office of Health Care Access
Certificate of Need Application

Instructions: Please complete all sections of the Certificate of Need (*CON”) application. If any
section or question is not relevant to your project, a response of “Not Applicable” may be deemed
an acceptable answer. If there is more than one applicant, identify the name and all contact
information for each applicant. OHCA will assign a Docket Number to the CON application once
the application is received by OHCA.

Docket Number:
Applicant:
Contact Person:

Contact Person’s
Title:

Contact Person’s
Address:

Contact Person’s
Phone Number:

Contact Person’s
Fax Number:

Contact Person’s
Email Address:

Project Town:
Project Name:
Statute Reference:

Estimated Total

Capital Expenditure:

Hartford Hospital
Barbara A. Durdy

Director, Strategic Planning, Hartford HealthCare

181 Patricia M. Genova Drive, Newington, Connecticut 06111

860-972-4231

860-972-4650

barbara.durdy@hhchealth.org
Hartford, Connecticut
Purchase of a SPECT/CT Camera System

Section 19a-638, C.G.S.

$850,000

0007 (12/05/13)



1. Project Description: Acquisition of Equipment

a. Please provide a narrative detailing the proposal.

End of Useful Life: The purpose of this Certificate of Need Application (this “Application” or
“Proposal”) is for Hartford Hospital (the “Applicant”) to obtain approval from the State of
Connecticut Office of Health Care Access (“OHCA”) for a new SPECT/CT camera to replace one
of the Applicant’s two existing SPECT cameras. The Applicant proposes to replace its Phillips
Cardio 60 SPECT Camera, which was purchased by the Applicant in 2002 and is at the end of its
useful life (the “Phillips 60 Camera”) with a Siemens Symbia T SPECT/CT Camera (the
“Proposed Siemens Camera”). The Proposed Siemens Camera, with IQ SPECT technology,
represents a substantial improvement in imaging technology. The IQ SPECT technology consists
of a new collimator, cardio-centric image acquisition, and new iterative reconstruction software
allowing for more rapid image acquisition. See Exhibit 1 attached hereto.

Higher Quality Imaging: More specifically, the IQ SPECT technology coupled with the CT
attenuation correction will allow the Proposed Siemens Camera to provide higher quality
myocardial 1perfusion imaging studies than that which is currently possible with the older Phillips
60 Camera. The CT component of the Proposed Siemens Camera provides attenuation correction
for the myocardial perfusion imaging studies which improves the diagnostic accuracy of the
studies. Nuclear Cardiology imaging has certain inherent limitations due to the variation in the
density of tissues within the body. For example, when imaging the heart, overlying breast or
adipose tissue can create shadows or attenuation artifacts which confound the ability to interpret
the studies and diagnose heart disease. To mitigate these attenuation artifacts, the CT component
of the Proposed Siemens Camera will remove these artifacts. This will result in a higher quality
myocardial perfusion imaging study which decreases false positive results and eliminates
unnecessary follow-up testing. While the current Phillips 60 Camera also has some attenuation
correction capabilities (in the form of a Gd-153 scanning line source), this older form of
attenuation correction is no longer commercially available with large field of view cameras such as
the Proposed Siemens Camera.

Larger Field of View: The Applicant needs a larger field of view camera to accommodate its
larger sized patients. With the increasing obesity epidemic in the United States, obese patients are
difficult to image on smaller footprint cameras. The Phillips 60 Camera has a small footprint,
whereas, the Proposed Siemens Camera is a large field of view camera able to accommodate obese
and non- ambulat01y patients which the smaller footprint cameras cannot. Moreover, the table of
the large field of view cameras can accommodate heavier and more debilitated patlents who
require adaptive and other medical equipment.

If the Proposal is approved, the current volume of myocardial perfusion imaging studies
previously performed on the Phillips 60 Camera will be performed on the Proposed Siemens

! During a myocardial perfusion imaging study, a small amount of radioactive tracer is injected into a patient and the
SPECT camera is used to collect the photons emitted from the patient’s heart to produce a noninvasive image of the
blood flow to the heart. Approximately 8 million SPECT myocardial perfusion imaging studies are performed
annually in the United States to evaluate chest pain symptoms, diagnose coronary artery disease, and assess the extent
and severity of known heart disease.

0008 (12/05/13)



Camera. The Proposed Siemens Camera will be located in the Nuclear Cardiology Laboratory
suite on the second floor of the South Building of Hartford Hospital along with the Applicant’s
Phillips Cardio MD SPECT Camera (the “Phillips MD Camera”). The Applicant’s Phillips MD
Camera will remain in use for stress tests with myocardial perfusion. The Applicant believes that
the addition of the Proposed Siemens Camera is necessary in order to safely accommodate larger
and more debilitated patients and to continue to provide nuclear cardiology services that meet the
demandzs and expectations of physicians and patients seeking care at the Applicant’s hospital
facility.

b. Provide letters that have been received in support of the proposal.

Please see Exhibit 2 attached hereto for a letter in support of the Proposed Siemens Camera from
W. Lane Duvall, MD, FACC, Director of Nuclear Cardiology, Hartford Hospital.

¢. Provide the Manufacturer, Model, Number of slices/tesla strength of the proposed
scanner (as appropriate to each piece of equipment).

The Proposed Siemens Camera is a Siemens Symbia T SPECT/CT camera with 2 slice CT
component for attenuation correction.

d. List each of the Applicant’s sites and the imaging modalities and other services currently
offered by location.

Nuclear Cardiology at Hartford Hospital currently provides stress testing and myocardial
perfusion imaging services.

Please see Table 1 below for a list of Hartford Hospital nuclear imaging locations.

2. Clear Public Need

a. Explain why there is a clear public need for the proposed equipment. Provide evidence
that demonstrates this need.

There is a clear public need for the Proposed Siemens Camera for the following reasons:

e The Proposed Siemens Camera will provide superior image quality with shorter image
acquisition times and thus, less radiation exposure to patients;

e The Applicant’s existing Phillips 60 Camera is at the end of its useful life and must be
replaced;

e The Proposed Siemens Camera will allow the Hospital to more effectively provide
myocardial perfusion imaging studies for larger and more physically debilitated patients;
and

2 The non-diagnostic 2 slice CT component of the Proposed Siemens Camera cannot be used as a standalone CT
scanner as it is not approved by the FDA for such use.

0009 (12/05/13)



e The volume of myocardial perfusion imaging studies performed annually at the
Applicant’s hospital facility continues to require two SPECT cameras.

The Proposed Siemens Camera can perform myocardial perfusion imaging studies with more
rapid image acquisition (i.e. less than 5 minutes compared to 20 minutes) as well as utilizing a
lower dose of radioactive tracer than the Phillips 60 Camera, thereby reducing radiation exposure
to the patient. Moreover, maintenance parts for the older generation of SPECT cameras such as
the Phillips 60 Camera have become increasingly scarce and thus, difficult to locate for repairs and
maintenance purposes. By way of example, GD-153 line source for attenuation corrections is no
longer commercially available for large field of view SPECT cameras. In order for the Applicant
to continue to provide high quality nuclear cardiology services, the Applicant is proposing to
replace the Phillips 60 Camera with the Proposed Siemens Camera.

b. Provide the utilization of existing health care facilities and health care services in the
Applicant’s service area. '

The Applicant does not have access to this information.

c. Completé Table 1 for each piece of equipment of the type proposed currently operated
by the Applicant at each of the Applicant’s sites.

Table 1: Existing Equipment Operated by the Applicant

Provider Name Description of Service * Hours/Days of Utilization ***

Street Address Operation ** (FY 2013)

Town, Zip Code

Hartford Hospital SPECT Camera M-F: 7am -Spm

Nuclear Cardiology Laboratory | Philips Cardio 60 Sat-Sun: 7am-3:30pm

80 Seymour Street

2026 scans for the two

SPECT Camera M-F 7am -5pm cameras located at this
Philips Cardio MD Sat-Sun 7am-3:30pm location

Hartford Hospital SPECT Camera M-F 7am-5pm 172 scans

100 Simsbury Road Philips Cardio 60

Avon, CT

Hartford Hospital SPECT Camera M-F 7am-S5pm 14S scans

Blue Back Square Philips Cardio MD

65 Memorial Road, #405

West Hartford, CT 06107

Hartford Hospital SPECT Camera M-F 7am-5pm 200 scans

703 Hebron Ave. Philips Cardio 60

Glastonbury, CT 06033
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Hartford Hospital SPECT Camera M-F 7am-5pm 463 scans
100 Retreat Ave Suite 811, Philips Cardio MD
Hartford, CT 06106.

Hartford Hospital SPECT Camera Philips M-F 7am-5pm 254 scans
21 South Rd Suite 100, Cardio MD _
Farmington, CT 06032.

* Include equipment strength (e.g. slices, tesla strength), whether the unit is open or closed (for MRI)
** Days of the week unit is operational, and start and end time for each day; and
*#* Number of scans/exams performed on each unit for the most recent 12-month period (identify period).

d. Provide the following regarding the proposal’s location:
i. The rationale for locating the proposed equipment at the proposed site;

The Proposed Siemens Camera will replace an existing Phillips 60 Camera located in the Nuclear
Cardiology Laboratory at Hartford Hospital. The Proposed Siemens Camera will be installed in
the same physical location as the old Phillips 60 Camera once modifications have been made to the
physical space to accommodate the Proposed Siemens Camera. All of Applicant’s stress testing
and myocardial perfusion imaging is performed at this location.

ii. The population to be served, including specific evidence such as incidence,
prevalence, or other demographic data that demonstrates need;

The population to be served by the Proposed Siemens Camera is the same population currently
being served by the existing Phillips 60 Camera. The population includes the Applicant’s primary
service area as well as patients referred from outside of primary and secondary service areas. In
the past three calendar years, an average of 2,100 patients annually have undergone stress testing
with myocardial perfusion imaging in the Nuclear Cardiology Laboratory at the Applicant’s
hosp1ta1 facility using its two existing Phillips SPECT cameras. The Volume of studies is expected
to remain stable. However, with the aging of Connecticut’s populatlon and the fact that there are
proportionately more residents over the age of 65 in 2010 than in 2000, the Applicant expects the
volumes of studies to increase rather than decrease as heart disease disproportionately affects the
elderly. In addition, as reported in the Connecticut State Health Assessment, heart disease is a
leading cause of death for Connecticut residents. Please see Exhibit 3 attached hereto for relevant
excerpts from the Connecticut State Health Assessment; preliminary Findings, January 2013.

iii. How and where the proposed patient population is currently being served;
The patient population is currently being served in the Nuclear Cardiology Laboratory at Hartford

Hospital, 80 Seymour Street, Hartford, CT 06102. The patient population will be the same with
the Proposed Siemens Camera.

! See Connecticut State Health Assessment: Preliminary Findings, published by the Connecticut Department of
Public Health, January 2013 at

http://www.ct.gov/dph/lib/dph/state_health planning/sha-ship/coalition_kickoff/ct_sha prelim_rev020413.pdf.

00011 (12/05/13)



iv. All existing providers (name, address) of the proposed service in the towns listed
above and in nearby towns;

The Applicant does not have access to this information.
v. The effect of the proposal on existing providers; and

There should be no significant impact on existing providers because the Proposed Siemens
Camera is replacing one of the Applicant’s existing Phillips SPECT cameras that has reached the
end of its useful life and the Proposed Siemens Camera is expected to serve the same population
being served now with the Phillips 60 Camera.

vi. If the proposal involves a new site of service, identify the service area towns and
the basis for their selection.

Not Applicable

e. Explain why the proposal will not result in an unnecessary duplication of existing or
approved health care services.

The Proposed Siemens Camera will replace the Phillips 60 Camera, which is at the end of its useful
life. Therefore, there will be no duplication of equipment. The Proposed Siemens Camera will
perform the same diagnostic studies (myocardial perfusion imaging) as the old Phillips 60 Camera
it is replacing. Once the Proposed Siemens Camera is installed and available for use, the Philips
60 Camera will be dismantled.

3. Actual and Projected Volume

a. Complete the following tables for the past three fiscal years (“FY”), current fiscal year
(“CFY”), and first three projected FYs of the proposal, for each of the Applicant’s
existing and proposed pieces of equipment (of the type proposed, at the proposed
location only). In Table 2a, report the units of service by piece of equipment, and in
Table 2b, report the units of service by type of exam (e.g. if specializing in orthopedic,
neurosurgery, or if there are scans that can be performed on the proposed scanner that
the Applicant is unable to perform on its existing scanners).

Table 21a: Historical, Current, and Projected Volume, by Equipment Unit

Actual Volume CFY Projected Volume
(Last 3 Completed FY5s) Volume* (First 3 Full Operational FYs)**

FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Scanner***
Phillips 706 1043 1116 See total N/A N/A N/A
Cardio 60 below*****
Phillips 706 1043 1116 See total 1050 1050 1050
Cardio MD below™* ****
Siemens N/A N/A N/A N/A 1050 1050 1050
Symbia T
Total 1412 2086 2232 2026 2100 2100 2100
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* For periods greater than 6 months, report annualized volume, identifying the number of actual months
covered and the method of annualizing. For periods less than six months, report actual volume and identify the
period covered.

** If the first year of the proposal is only a partial year, provide the first partial year and then the first three
full FYs. Add columns as necessary.

*%* Jdentify each scanner separately and add lines as necessary. Also break out inpatient/outpatient/ED

volumes if applicable.
*%*%* Rill in years. In a footnote, identify the period covered by the Applicant’s FY (e.g. July 1-June 30,
calendar year, etc.).

Please note that:

##4%% (1) Hartford Hospital does not keep track of the number of scans performed on each of the
Phillips SPECT cameras in the Nuclear Cardiology Laboratory. The volumes presented in Table
2a above are estimated based on the number of total scans performed and assumes approximately
equal utilization between both cameras;

(2) FY 2010 volumes were lower due to an intermittent shortage of the Tc-99m isotope
during that time period. Patients at Hartford Hospital were imaged with Tc-99m when it was
available. However, when not available patients were imaged with a PET scanner which uses a
different isotope than Tc-99m, and is a more expensive diagnostic test. Also patients were imaged
with T1-201 which was not affected by the Tc-99m shortage; and

(3) The Applicant’s Fiscal Year covers the period of October 1% - September 30,

Table 2b: Historical, Current, and Projected Volume, by Type of Scan/Exam

Actual Volume CFY Projected Volume
(Last 3 Completed FYs) Volume* (First 3 Full Operational FYs)**

FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY2015 FY 2016
Myocardial 1026 1356 1482 1386 1400 1400 1400
SPECT stress
/test
Myocardial 386 730 750 640 700 700 700
SPECT single
study
Total 1412 2086 2232 2026 2100 2100 2100

* For periods greater than 6 months, report annualized volume, identifying the number of actual months
covered and the method of annualizing. For periods less than six months, report actual volume and identify the
period covered.

** If the first year of the proposal is only a partial year, provide the first partial year and then the first three
full FYs. Add columns as necessary.

*** Jdentify each type of scan/exam (e.g. orthopedic, neurosurgery or if there are scans/exams that can be
performed on the proposed piece of equipment that the Applicant is unable to perform on its existing
equipment) and add lines as necessary.

##%% Rjll in years. In a footnote, identify the period covered by the Applicant’s FY (e.g. July 1-June 30,
calendar year, ete.).

- Please note that:

(1) FY 2010 volumes were lower due to an isotope shortage during that time period; and
(2) The Applicant’s Fiscal Year covers the period of October 1% - September 30™,
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b. Provide a breakdown, by town, of the volumes provided in Table 2a for the most recently
completed full FY.

Please see Exhibit 4 for patient volume by town for the data provided in Table 2a.
c. Describe existing referral patterns in the area to be served by the proposal.

Patients are referred to the Hartford Hospital Nuclear Cardiology Laboratory from various internal
medicine and cardiology practices within the Applicant’s primary and secondary service areas.

d. Explain how the existing referral patterns will be affected by the proposal.
There will be no change in referral patterns as a result of this Proposal.

e. Explain any increases and/or decreases in volume seen in the tables above.
There will be no increases or decreases in volumes as a result of this Proposal.

f. Provide a detailed explanation of all assumptions used in the derivation/ calculation of
the projected volume by scanner and scan type.

Volumes were based on historical and current fiscal year volume. Since this Proposal is for
equipment replacement, there will no incremental gain in volumes.

g. Provide a copy of any articles, studies, or reports that support the need to acquire the
proposed scanner, along with a brief explanation regarding the relevance of the selected
articles.

Please see Exhibit 5 for copies of the following articles in support of this Application:

1) “A method for improving the efficiency of myocardial perfusion imaging using
conventional SPECT and SPECT/CT imaging systems” which describes the clinical
efficiencies associated with the SPECT/CT imaging system including a reduction in
patient scan times and the need for repeat studies due to false positive study results.

2) “Clinical Applications of SPECT/CT: New Hybrid Nuclear Medicine Imaging System”
which provides a comprehensive review of this technology including the advantages of
SPECT/CT over SPECT, clinical applications, scan protocols and technical specifications
of the equipment.

4. Quality Measures

a. Submit a list of all key professional, administrative, clinical, and direct service personnel
related to the proposal. Attach a copy of their Curriculum Vitae.

Key Personnel:
e W. Lane Duvall, MD, FACC

00014 (12/05/13)



TN

e Stuart K. Markowitz, MD, FACR
e April Mann, BA, CNMT, NCT, RT (N)
e Gerald J. Boisvert, CPA, FHFMA

Please see Exhibit 6 for copies of curriculum vitae for key administrative and clinical personnel
related to this Proposal.

b. Explain how the proposal contributes to the quality of health care delivery in the region.
The Proposal contributes to the quality of health care delivery in the region by providing patients
who are being evaluated for new or chronic coronary artery disease with advanced diagnostic
accuracy, and improved capacity to determine risk stratification and patient prognosis.
5. Organizational and Financial Information
a. Identify the Applicant’s ownership type(s) (e.g. Corporation, PC, LLC, etc.).
Hartford Hospital is a non-profit corporation.
b. Does the Applicant have non-profit status?
X Yes[ | No
Please see Exhibit 7 for a copy of the IRS Determination letter for Hartford Hospital.
¢. Provide a copy of the State of Connecticut, Department of Public Health license(s)
currently held by the Applicant and indicate any additional licensure categories being

sought in relation to the proposal.

Please see Exhibit 8 attached hereto for a copy of the Hartford Hospital license issued by the
Connecticut Department of Public Health. This Proposal does not involve any change to licensure.

d. Financial Statements

i. If the Applicant is a Connecticut hospital: Pursuant to Section 19a-644, C.G.S.,
each hospital licensed by the Department of Public Health is required to file with
OHCA copies of the hospital’s audited financial statements. If the hospital has
filed its most recently completed fiscal year audited financial statements, the
hospital may reference that filing for this proposal.

Hartford Hospital’s most recent audited financial statements are on file with OHCA.

ii. If the Applicant is not a Connecticut hospital (other health care facilities):
Audited financial statements for the most recently completed fiscal year. If
audited financial statements do not exist, in lieu of audited financial statements,
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provide other financial documentation (e.g. unaudited balance sheet, statement of
operations, tax return, or other set of books.)

e. Submit a final version of all capital expenditures/costs as follows:

Table 3: Proposed Capital Expenditures/Costs
Medical Equipment Purchase $481,500
Imaging Equipment Purchase
Non-Medical Equipment Purchase

Land/Building Purchase *

Construction/Renovation ** $368,500
Other Non-Construction (Specify)

Total Capital Expenditure (TCE) $850,000

Medical Equipment Lease (Fair Market Value) ***
Imaging Equipment Lease (Fair Market Value) ***
Non-Medical Equipment Lease (Fair Market Value) ***
Fair Market Value of Space ***

Total Capital Cost (TCC) $850,000
Total Project Cost (TCE + TCC) $850,000
Capitalized Financing Costs (Informational Purpose Only)

Total Capital Expenditure with Cap. Fin. Costs $850,000

* If the proposal involves a land/building purchase, attach a real estate property appraisal including the amount; the
useful life of the building; and a schedule of depreciation.

** [f the proposal involves construction/renovations, attach a description of the proposed building work, including the
gross square feet; existing and proposed floor plans; commencement date for the construction/ renovation; completion
date of the construction/renovation; and commencement of operations date.

*x* [f the proposal involves a capital or operating equipment lease and/or purchase, attach a vendor quote or invoice;
schedule of depreciation; useful life of the equipment; and anticipated residual value at the end of the lease or loan
term.

The construction and renovations relating to this Proposal includes the build-out of a new 330
square foot scanner room with an adjacent and supporting Staff Control Room. Construction
within the space will include a complete, floor slab to floor slab demolition. All new walls, doors
& door frames, viewing window, etc. will be lead lined construction. The mechanical air
ventilation system will be upgraded to meet requirements and increase the fresh air and cooling
needs. A new upgraded 480 volt, 3 phase electrical feed is being provided to supply the increased
load requirements of the new scanning equipment. Structural steel is being added below the floor
slab to support the increased weight of the new equipment. All new room finishes including
welded seam sheet vinyl flooring, wall coverings, and an acoustical tile ceiling system are part of
the scope.

" Please see Exhibit 9 for schematic drawings related to this project.

Please see Exhibit 10 attached hereto for a copy of the quote for the Siemens Symbia T SPECT/CT
camera system.
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f. List all funding or financing sources for the proposal and the dollar amount of each.
Provide applicable details such as interest rate; term; monthly payment; pledges and
funds received to date; letter of interest or approval from a lending institution.

The project will be funded from Applicant’s operating capital.

g. Demonstrate how this proposal will affect the financial strength of the state’s health care
system.

The replacement of the Phillips 60 Camera system with the Proposed Siemens Camera will
improve the accuracy and clarity of nuclear imaging at Hartford Hospital, decrease scan times and
reduce the need for follow up testing to assess false positives or negatives. Overall, this Proposal
will result in safer and more effective nuclear cardiology services.

6. Patient Population Mix: Current and Projected

a. Provide the current and projected patient population mix (based on the number of
patients, not based on revenue) with the CON proposal for the proposed program.

Table 4: Patient Population Mix

Current** Year1l Year2 Year 3
FY 2012 - FY 2014 FY 2015 FY 2016

Medicare* 41% 41% 41% 41%
Medicaid* 12% 12% 12% 12%
CHAMPUS & TriCare 1% 1% 1% 1%
Total Government 54% 54%  54% 54%
Commercial Insurers* 45% 45% 45% 45%
Uninsured 1% 1% 1% 1%
Workers Compensation
Total Non-Government 46% 46% 46% 46%
Total Payer Mix 100% 100% 100% 100%

* Includes managed care activity.

** New programs may leave the “current” column blank.

**% Fill in years. Ensure the period covered by this table corresponds to the period covered in the projections
provided.

b. Provide the basis for/assumptions used to project the patient population mix.

The payer mix represented above in Table 4 is based on the patient population currently being
served by the Applicant’s nuclear imaging service.

7. Financial Attachments I & II
a. Provide a summary of revenue, expense, and volume statistics, without the CON project,

incremental to the CON project, and with the CON project. Complete Financial
Attachment I. (Note that the actual results for the fiscal year reported in the first column
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must agree with the Applicant’s audited financial statements.) The projections must
include the first three full fiscal years of the project.

Please see Exhibit 11 for Financial Attachment I.

b. Provide a three year projection of incremental revenue, expense, and volume statistics
attributable to the proposal by payer. Complete Financial Attachment II. The
projections must include the first three full fiscal years of the project.

Please see Exhibit 12 for Financial Attachment II.
¢. Provide the assumptions utilized in developing both Financial Attachments I and II (e.g.;
full-time equivalents, volume statistics, other expenses, revenue and expense %

increases, project commencement of operation date, etc.).

Please see Exhibits 11 and 12 for assumptions used in Financial Attachments I and II.

d. Provide documentation or the basis to support the proposed rates for each of the FYs as
reported in Financial Attachment I1. Provide a copy of the rate schedule for the
proposed service(s).

The rates used in the financial projections are based on the Applicant’s actual rates for these
procedures. There are no significant rate changes anticipated.

e. Provide the minimum number of units required to show an incremental gain from
operations for each fiscal year.

This Proposal is for equipment replacement. Please see Tables 2a and 2b for volume projections
related to this project.

f. Explain any projected incremental losses from operations contained in the financial
projections that result from the implementation and operation of the CON proposal.

The incremental losses are due to the depreciation associated with the purchase of the new
equipment (i.e. the Proposed Siemens Camera).

g. Describe how this proposal is cost effective.
Replacement of outdated nuclear imaging equipment with more efficient and effective equipment

results in greater quality in the study findings and reduction in the number of false positive tests
that would require additional follow up and testing. Please see response to question 5g above.
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Introduction

IQ=SPECT is an intelligent solution to
reduce the acquisition time for myocardial
perfusion SPECT on Siemens Symbia S
and Symbia T Series imaging systems.
The technology can also be used to adapt
acquisition times for improved image
quality in clinically challenging imaging
situations. When combined with a Symbia
T2, T6 or T16, IQ*SPECT is able to reconfi-
gure and provide a diagnostic CT in only

1 minute. The results of the attenuation
corrected SPECT and the calcium score are
visualized in a comprehensive display that
represents the 5 minute cardiac workup.

1Q+SPECT consists of three new compon-
ents: the SMARTZOOM collimator, the
cardio-centric acquisition, and the
1Q=SPECT reconstruction.

SMARTZOOM Collimator

The collimator is designed so that the
center of the field of view magnifies the
heart, while the edges sample the entire
body to avoid the truncation artifacts
which are common to pinhole and focus-
ing collimators. It is important to note that
the SMARTZOOM collimator achieves

a gain in counts without compromising
image resolution as is the case with
conventional, large bore, parallel hole
collimators.

Cardio-Centric Acquisition

IQ=SPECT takes advantage of the flexible
gantry motions that are available on the
Symbia platform. The cardio-centric orbit
allows the detectors to rotate around a

virtual center of rotation that is positioned
so that the heart is always in the most
sensitive area of the collimator, a.k.a. the
sweet spot. The characteristic elements

of the cardio-centric orbit are the relative
detector position, the radius of rotation,
and the arc used to acquire the heart
from all view angles.

1Q*SPECT Reconstruction

This proprietary 3D iterative reconstruction
algorithm fully models the unique position
of each of the 48,000 collimator holes.
1Q*SPECT reconstruction also includes
state-of-the-art distant-dependent isotro-
pic (3D) resolution recovery, CT-based
attenuation correction, and energy
window-based scatter correction.

1Q*SPECT is seamlessly integrated with
Symbia. The SMARTZOOM collimator

can be included in the Integrated or
Automated Collimator Changers. Auto-
matic Quality Control will perform all
common system calibrations and provides
a full characterization of the complex
collimator geometry necessary for
accurate image reconstruction.

Extreme care has been given to ensure
simple and intuitive user interaction.

The entire patient setup adds just one
additional step to identify the position

of the heart on the touch screen patient
positioning monitor, and image distortion,
common to magnifying collimators is
eliminated.

SMARTZOOM Collimation

The focus of the collimator varies continu-
ously from cone-like in the central region
to parallel at the edge (Figure 1). This
provides magnification of the cardiac
region while avoiding truncation of the
surrounding tissue. The focal length as a
function of distance u from the principal
ray at the center of the collimator face is
described by a polynomial, where Fg and F,
denote the short and long focal lengths.
The focusing properties are orthogonally
independent, i.e. the focusing in the trans-
verse ¥ direction is independent of the
focusing in the axial %I direction. The
transverse and axial focal length functions
are symmetric fourth-order polynomials:

4
u
F(ul) = F;l+(EL_EvL)( - ) |ul|sul,max

uJ..mw(

Y
F, +(F, —F, { ! ] |ul|£ullmux
i ] ] Uy i

F(w)
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u u
Here, =~ 1™ and ~ M are the half
widths of the collimator in the transverse
and axial directions.

The magnification varies as a function

of the distance to the collimator face and
to the principal ray position (Figure 2). For
objects which are close to the collimator
face, the magnification effect is minimized,
and little gain in counts are achieved. For
objects which are near the collimator

focal length, the magnification is maximal,
however the “sweet spot” of the collimator
is extremely narrow. This might be appro-
priate for imaging small stationary organs.
For cardiac imaging the gain achieved
must be maximized while insuring that
the heart remains fully within the
SMARTZOOM “sweet spot”. This compro-
mise is illustrated by the middle graph

of Figure 2 although the exact values of
the optimal configuration may vary
somewhat from what is shown.

Rag.

Figure 2: Magnifications at difference distances (D)

28 ¢m {niddie), 40 om (right).

Cardio-Centric Acquisition

For optimal acquisition gain, the heart
must remain in the SMARTZOOM “sweet
spot” in all views. 1Q*SPECT uses the
flexibility of the Symbia gantry to achieve
this focus throughout the acquisitions.
During patient setup, the location of the
heart is identified on the patient position-
ing monitor. IQ*SPECT then computes
and executes an orbit which optimizes
the gain and image quality for the specific
patient. Unlike a conventional acquisition
(or orbit) where the detectors maintain
close proximity to the patient, the detec-
tors in the cardio-centric orbit maintain

a larger constant distance from the center
of the heart to maintain its position in

the collimator “sweet spot”. The larger

detector configurat

Figure 3. Orbit ane

SMARTZO0M collimator with a cardio-centric orbit (right.

w0

wa cotlimaton D=8 om (sf,

M = 4,17

collimator distance also increases patient
comfort and may reduce motion artifacts.
The unique cardio-centric configuration
exploits the flexibility of the Symbia gantry
to position each detector at the optimal
distance from the user identified heart
over the expected variation of patient
population. The angular separation of

the detectors is slightly less than the tradi-
tional 90 degrees which improves angular
sampling over the most information rich
portion of the cardiac orbit (Figure 3). The
cardio-centric acquisition will have a scan
arc of 208 degrees (104 degrees per head)
to compensate for the fan angle of the
SMARTZOOM collimator and to ensure
complete sampling. The angle between
the detectors is set to 76 degrees.

al paratiet bole collirator {left) and

3
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Reconstruction

The IQ<SPECT reconstruction algorithm
achieves the following objectives:

1. It correctly models the geometry of
the SMARTZOOM collimator.

2. It realizes the improvement in noise due
to better statistics in the cardiac region.

3. It corrects for the effects of patient
attenuation, scatter and motion.

4. It performs reconstructions in a
clinically acceptable time.

IQ=SPECT reconstruction is a proprietary
implementation of an iterative OSEM-3D
algorithm, incorporating depth dependent
isotropic resolution recovery, attenuation
correction, and scatter correction. The for-
ward and back projection operations mo-
del the focusing geometry of the collima-
tor by resampling the image-space volume
to a collimator-space volume that is ali-
gned along the collimator projection lines.
The detector collimator response is mo-
deled using depth-dependent Gaussian
kernels that estimate the point spread
function (PSF). Corrections for attenuation,
scatter and patient motion are also perfor-
med using pre-calculated registered mu-
maps derived from CT, scatter estimates
and motion estimates.

To demonstrate the fidelity of the
reconstruction, a 3D point grid of activity
distribution was simulated, forward-pro-
jected using the SMARTZOOM collimator
and reconstructed using 1Q¢SPECT. The
reconstructed volume is statistically
consistent with the original simulated
volume. (Figure 4). To demonstrate
concept feasibility and effective gain, the
acquisition of a numerical torso phantom
containing a heart, lung and spine model

with only primary photons was simulated.

The activity concentration ratio of heart:
lung:background is 4:0:1 for the phantom
in Figure 5, and a clinically relevant 8:0:1
for the phantom in Figure 6. Attenuation
ratio between bone:soft tissue:lung was
chosen as 1.85:1:0.25 with 0.161 1/cm
for soft tissue at 140keV. The liver is not
included. The count density of myocardial
pixel is set for a maximum of 100/pixel
per view at the nominal 16 minute scan,
which is in the clinical range of a typical

view in a summed stress scan. A numerical
torso phantom was forward-projected and

reconstructed using both a conventional

LEHR collimator and an OSEM-3D recon-
struction with attenuation compensation
and 1Q=SPECT (Figure 5). Comparison of
both reconstructions with the attenuation
map shows excellent recovery of the car-
diac shape and dimension with significant
reduction in the reconstructed noise of
the 1Q*SPECT phantom. This comparison
suggests an effective gain of about

4x at equivalent image quality using
1Q=SPECT (Figure 6).

A complete LEHR versus 1Q=SPECT
comparison of data shows equivalent
image quality in 16 and 4 minutes
respectively (Figure 7).
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Conclusion

IQ=SPECT technology provides a significant
gain in counts for the cardiac region while
avoiding the effects of truncation. Initial
measurements and simulations indicate
the potential for a reduction of acquisition
scan time from 16 minutes with LEHR and
conventional reconstruction to an acquisi-
tion scan time of 2 to 4 minutes using
1QeSPECT with SMARTZOOM collimators
(Figure 6 and Figure 7) and equivalent
image quality. Seamless integration of
reduced acquisition scan times combined
with automated patient setup, data
correction and reconstruction enables

a total realized study time of 5 minutes
for a SPECT+CT study.
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i PR E W. Lane Duvall, MD, FACC
H@.thl‘d Director of Nuclear Cardiology

- v 3 G Hartford Hospital
H@ Sp 1?’ a]' Division of Cardiology
A Harvford Heslthere Partner Henry Low Heart Center

80 Seymour Street, SB2 » Hartford, CT 06102
Phone (860) 545-5518 ¢ Fax (860) 545-5631
E-mail: lane.duvall@hhchealth.org

October 16, 2013

State of Connecticut
Office of Health Care Access

RE: Certificate of Need Letter of Support

To Whom it May Concern:

The Hartford Hospital Nuclear Cardiology Laboratory will be replacing one of its current
SPECT cameras used for myocardial perfusion imaging and gated blood pool scans with a
newer, updated camera. An outdated (2002) Philips Cardio 60 SPECT camera equipped with
Gd-153 line sources used for attenuation correction which is approaching its effective end-of-life
will be replaced with a Siemens Symbia-T Series SPECT/CT system. This new camera is
replacing the no longer commercially available Gd-153 line sources with a 2-slice non-diagnostic
CT unit to perform attenuation correction only. The CT component of this unit is not FDA
approved for diagnostic CT and therefore, will only be used for the purpose of performing
attenuation correction on nuclear cardiology patients referred for myocardial perfusion imaging.
The volume of myocardial perfusion imaging studies performed annually at Hartford Hospital
requires two SPECT cameras and the improved technology afforded by the new SPECT/CT
camera is needed to meet the demands and expectations of physicians and patients seeking care
at Hartford Hospital.

The current outdated Phillips Cardio 60 SPECT camera is being replaced as it has reached its
useful end of life after having been in operation for over 10 years. The imaging technology
employed by this camera has been greatly improved in the intervening years and maintenance
parts for this older generation of SPECT camera are increasingly scarce. In order to continue to
provide high quality nuclear cardiology services, Hartford Hospital has decided to replace the
camera. The current volume of myocardial perfusion imaging studies performed on the outdated
camera will now be performed on the new SPECT/CT camera.

The new Siemens Symbia T SPECT/CT camera with IQ SPECT technology represents an
improvement in imaging technology compared to the camera that it will replace. The IQ SPECT
technology consists of a new collimator, cardio-centric image acquisition, and new iterative
reconstruction software and allows for more rapid image acquisition (less than 5 minutes
compared to 20 minutes) as well as reduced radiation exposure to the patient (as much as a 75%
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reduction). This IQ SPECT technology coupled with the CT attenuation correction will allow
the new SPECT/CT camera to provide higher quality myocardial perfusion imaging studies than
those possible on the older SPECT camera being replaced. This new technology will allow
Hartford Hospital to provide even better quality nuclear cardiology services.

To continue to have attenuation correction with the myocardial perfusion imaging studies, a
SPECT/CT camera was needed as the previous generation of attenuation correction using a Gd-
153 line source are no longer commercially available for large field of view SPECT cameras. It
is this CT aspect of the camera that is necessitating the certificate of need application. The non-
diagnostic CT associated with the SPECT camera provides attenuation correction which can
eliminate artifacts due to variation in tissue density when performing myocardial perfusion
imaging studies allowing for more accurate interpretation of the imaging studies.

The Siemens Symbia T SPECT/CT camera and the Phillips Cardio 60 camera which it replaces
are both large field of view cameras and are able accommodate obese and non-ambulatory
patients who are becoming increasingly more prevalent. The table of the large field of view
cameras can accommodate heavier patients and the gantry is larger to physically fit these large
patients. In addition, these large field of view cameras can also accommodate the infirm and
debilitated patients often encountered with hospitalized patients because of the greater ease of
transferring patients onto their larger tables.

In summary, the replacement SPECT/CT camera will continue to serve our current patient needs
but in a way that provides higher quality care. The new camera technology will provide

improved image quality, better diagnostic accuracy, improved efficiency, and reduced radiation
exposure to patients and staff.

Sincerely,

o 4

W. Lane Duvall, MD, FACC
Director of Nuclear Cardiology
Hartford Hospital
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Changes in Population Characteristics,
Connecticut, 2000 and 2010

Popuilation | 3,405,565 3,574,097 +4.9%

Medianage | 378yrs. A00ws . 26y

65+ yrs of age 14.2% +36,376 (+7.7%)

Racefethnicity . -
‘White only - 77.6% 7,945 (-0.3%)
 Black/Afr. Am.only 91% 101%  +52,653 (+17%)
Asian only | 2.4% 3.8% +53,252 (+65%)
Arebnbaianonly 0 e o3 96T BHI%)
‘Other/2+ races | - 6.6% 8.20 ~ +69,155 (+31%)
Hispanicanyrace . 94%  134%  +158764 (+50%)

e p Connecticut Departmient'of Public Hégtth‘
.5, Census Bureaw, 2000 and 2010 Census s et gov/duh/SHIPcoaltion

00037 (12/05/13)



Percent of Population by Race/Ethnicity,
Connecticut and Its Largest Towns, 2011

= Hispanie White non-Hispanic # Black non-Hispanic
Asian non-Hispanic American Indiar u Other/Multi-race

NHVN

1.8%

HTFD |

BRPT

0% 20% 40% 60% 80% 100%
Source: US Census Buread, Amgrican Community Survey, Connecticut Department of Pubilic Health
1-Yesr Estimates, 2011, DPE5 File. wwychmov/dph/SHIPCEalition
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Population Distribution

by Age, Sex, Race, and Ethnicity
Connecticut, 2010
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Percent of Population by Age
Connecticut and its Largest Towns, 2011

Under 20 b 83554

NHVN

HTFD

BRPT

| 255-64 165 and older

Source: US Census Bureau, American Community Survey,
1-Year Estimates, 2011, DPOS File.
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_ Hospitalization Rates for Leading Causes
C Connecticut, 2010

Digestive system
Heart disease

Respiratory system

Musculoskeletal system
Psychotic conditions

Genitourinary system

Injuries
Infectious and parasitic diseases
Cancer

Stroke

o 200 400 600 800 1000 1200
( Hospitalizations per 100,000 Poptilation

Source; Connecticut Department of Public Heslth,
Hospitalization Tables, 2010, Table H-1.

Lonnecticut Departmentof Public Health
wwwechgae/dph/StiPcoalition
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_ Leading Causes of Death, by Sex
C Connecticut, 2009

Heart disease

Stroke
Chronic lower respiratory diseases
Unintentional injuries

Alzheimer's disease

Influenza and Pneumonia

“ Females

Diabetes ,
uMales
Nephritis, nephrotic syndrome, ]
nephrosis | . .
s 2,000 3,000 4,000
C Nurnber of Deaths
Source: Connecticut Department of Public Health, Connecticut Department of Public Health
Mortality Tables, 2009, Tables 9 and 10. v ctgoy/dph/SHiPcoalition
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Age-adjusted Death Rates for "’
Leading Causes of Death
Connecticut, 2000-2009

i

Heart disease

s CATICET

e Btroke

" wmeChronic lower
respiratory disease
= nintentional injuries

i
<
Q

Alzheimer's disease

i
o=
&)

=@=|nfluenza and
~ Pneumonia

Diabetes

Deaths per 100,000 Population

]
ol

Nephiitis, nephrotic -
syndrome, nephrosis.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Source: Connecticut Department of Public Health, Mortelity Tables, Connecticut Department of Public Health
Age-Adjusted Mortality Rate, 2000-2009. wewctgov/doh/EHIPcoalition
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Connecticut, 2009

‘Leading Causes of Death by Age Group

Source: Connecticut Department of Public Health,
Mortality Tables, Leading Causes of Death, 2009, Table 10.

B | Age Group :
Children Young Adults Adults Elderly
Rank {0-14 yrs) {15-34 yrs) (85-64 yrs) {65+ yrs)
1 Congeni ital Unintentional , : )
- a nomalies injuries Cancer Heart disease
2 Unintentional _
Injuries Suicide Heart disease Cancer
3 , Unintentional
Cancer Homicide injur‘ies Stroke
o o Chronic liver | Chronic lower
4 Sept:cgmla Heart disease | Jicoase and respiratory
cirrhosis disease
Chronic lower Az
respiratory S o Alzheimer's
3 -disease, ahier Suicide disease
Homicide, Heart
disease. . ,

Conrecticut Depariment of Public Heaith
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Age-adjusted Death Rates for ?
C Leading Causes of Death, by Race and Ethnicity
Co»nnecfc‘icu@, '20@5——2{)09

.
Cancer 4

Heart disease

Stroke

Chronic lower respiratory i Nen-Hispanic White

disease g "
# Non-Hispanic Black

Unintentional injuries & Hispanic

Asian

Diabetes i Native American
—. / 0 25 50 75 100 125 150 175 200 225
( Deaths per 100,000 Population

source; Connecticut Department of Public Health, Mortality Tables, Connecticut Department of Public Health
Age-Adjusted Mortality Rate 2005-2008.  HEWSLEOURRIONRREILeN
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Leading Causes of Premature Death
( [Years of Potential Life Lost (YPLL) before 65 Yrs of Age]
Connecticut, 2009

Accidents/Unintentional injuries H85.3
Cancer
Heart disease

Drug-induced deaths ;

Suicide

Homicide
200 400 600 800
C . Years of Potential Life Lost per 100,000 -Population
Source: Connecticut Department of Public Health, Connecticut Department 6F Public Health
YPEL Tables, Age-Adjusted YPLL Rate <65, 2009, i et gdu/dph/sHPcoalition
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Hospitalization Rates for Leading Causes, by Sex
Connecticut, 2010

Heart disease

Digestive system

Respiratory system .

Psychotic conditions

Infectious and parasitic
cliseases

Cancer
‘Females

Stroke | = Males

i
i
g

0.0 2000 4000  600.0  800.0 1000.0 12000  1400.0
Hospitalizations per 100,000 Population

Source: Connecticut Department of Public Health,
Hospitalization Tables, 2010, Table H-1.

Connedticut Department of Pulslic Health
winwcbgbv/dph/SHIPEoalition
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Leading Causes of Hospitalization, by Age Group

Connecticut, 2010

Age Group
Children Young Adults Adults Elderly
Rank (0-14 yrs) {(15-24 yrs) (25-64yrs) | (65+yrs)
1 Respiratory system ‘Me‘r.;ﬁf_t_;al-,d.isorders Mental disorders -.Lfrcuiatgry
- system
, ; e S N , Respiratory
2 Injury & poisoning Digestive system Digestive system systen
v Nervous system & sense . e i o ; Digestive
3 organs Injury and poisoning . Injury & Poisoning systern
. o . _ Genitouri
4 Mental disorders Respiratory system  Circulatory system enttourinary
‘ ’ system
Endocrine, nutritional, ... oo v
R Genitourinary & R T
G S metabolic, and e ’ Musculoskeleta
5 Digestive system i g Musculoskeletal - W
immunological o | system
: S systems
disorders -
Source: Connecticut Department of Public Health, Conpecticut Departmént of Public Health
Hospitalization Tables, 2010, Table H-1. wwwrct gov/dph/sHiPesalition
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_ Leading Causes of Hospitalization, by Race/Ethnicity,
( Connecticut, 2010

Race and Ethnicity
Rank White Black Hispanic
1 Circu,lato.ry system Circulatory system Circulatory SySte.m
2 Digestive system Respiratory system D igestive system
3 | Mental disorders Digestive system Respiratory system
4 Respiratory system Mental disorders Mental disorders
.5 " Injury & Poisoning  Injury & Poisoning _Injury & Poisoning
Source: Connecticut Department of Public Health, Connecticut Depactmentof Pubilic x-{gaii‘h

et gov/dph/SHIPcoslitior

Hospitalization Tables, 2010, Table H-2.
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A method for improving the efficiency of myocardial
perfusion imaging using conventional SPECT and
SPECT/CT imaging systems

A. H. Viia¥, Member, IEEE, R, Malmin, , Member, I[EEE, A. Yahil, Member, [EEE, J. Zeintl, Member, IEEE, M.
Bhattacharya, Member, {EEE, T. D. Rempel, Member; IEEE, E. G:Hawman, Member, IEEE B. Bendriem,
Member, IEEE

Abstract-Siemens: has developed-a new TQ-SPECT™ product.

to improve the efficicncy of myocardial perfusion’iniaging (VMPT)
using cgnventional. large-field-of-view: SPECT and SPECL/CT
systems, In:this article we present: the ey technology componcats:

that enable this prodiict fo perform MPLin less than s minutes or-

at .an ecquivalently lower dose, -The .enabling hardware is @
specially designed variable-focus collimator for' ¢ardiac imaging.
Tmages are acquired with. the collimator mounted on a Symbia

SPECT/CT system votating about the: patient'in a cardio-centric:

orbit .at a fixed radius -of 28 em. The acquired da_ta are
reconstiucted using an iterative. recoustruction techinigue
employing the conjugate-gradient. method:with the Mighell chi-
square chjective function accounting for Poisson statistics. Each
collimator is characterized by measuving the ovientations: of its
holes to account for the.deviations from: design-specifications that
are introduced in the easting process, In addition, the 3D point-
vesponse function (PRF) is modeled from the autocorrciation of
thé hexagonal shiapes.of the collimator holes at the entrance and
exit sides; This PRF is no longer: just an approximate Gaussian

but'is more conical at the distances of intérest. The system miatrix.

accounts for the deflection of the heads as they-rotate about the

patient: The deflections were measured fora number of systems-

using an Optotrak™ optical fixture to. obtain accurate 3D orbit

information for each head. The reconstruction engine applies:the.

flood-field uniformity corrections (insteéad of being applied to the
raw - data). and also cstimates. patient motion vectors from the
distortion-corrected ~ projection images: Attenuation
compensation is applied using a patient-specific CT-derived mu

map, and an chergy-window-based éstimite is used to correct for-

patient<induced scatter; Phantom and patient studies are
presented to. demanstrate ‘the diagnostic quality. of the images
acquired using fast ovlow-dose protocols.

L. INTRODUCTION

Wh present the characteristics of our ‘high-sensitivity
IQ-SPECT miyocardial perfusion imaging (MPI) systen,
which is capable of reducing :scan times, patient dose, or-a

-

Manuscript received November 13, 2010, dsferisk indicates corresponding
author:

#A. Hans Vija (hanswvijs@siemens.com), R. Malmin, J.. Zeinil, M.
Bhattacharya, 1.D, Rempel, E.G. Hawman.are with Siemens Medical Solution
USA, Inc., Molecular Tmaging, Hoffman Estates, IL, USA.

B. Bendriem is ‘with Siemens Medical Solution’ US4, Inc:, Molecular
Imaging. Knoxville, TN, USA

Arnos Yahil is:with fmageRecon LLC, Stony Brook, NY, USA:

combination thereof; by d factor of four. This is accompliShed
by using a ‘variable-focus collimator, which is focusing in
nature. 4t its:center but - morphs: to:near parallel collimation at
its edges, thus avoiding truncation [1,2,3]. The resulting data

are-reconstricted using an enhaneed reconstruction technique

based -on a conjugate’ gradient method, The scan orbit is
cardig=centric so that the heart is maintained in the region of

high magnification through ‘the ‘entire scan. This article

presents the key technology components ‘contributing to the
reconstructed, image fidelity, wviz, incowporating the
characteristics of the ganiry and collimator into the system

matrix, and an improved reconstruction dlgorithm.

IQsSPECT

Fig.l. Main-components of IQsSPECT: Variable. focus collimation, cardio-
centrie; orbxt Herative reconstiiction.

II. MATERIAL AND METHODS

This wotk.is a rather brief summary of the key components
of this techniology;. déployed on both. of our SPECT and
SPECT/CT platforms (Symbia®'S and T-Series):

The key technology components that we describe here
address the need for ‘incredsed acéwracy of the image
formation:model dué to the very nature of the variable-focus
collimator. The' collimator has a response that is not osly
distance depéndent, but is-also variable across the face of the
collimator, As:.a résult; it is. crucial'to accurately model the: a)
magnification, and b) the point response ‘function for this
collimator. The variable magnification is due to-the changing
direction of each borehole with respect to the collimator
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surface- mormal vector, while the peint fesponsé filnction
depends-onthe firiite size'of'the bore holes.

The technical justifications for cheosing the particular
characteristics :of the cardio-focal orbit, viz., & fixed radius of
2% cm from the center:of rotation {user selectable, cardio
centric), heads at an angle:6f 104°, scan arc of 104° with ~6°
angular ‘step size, ‘and a nominal dwell time of 9 s for a
specific protocol (injected dose > 370 MBq of Pmre), will not
be presented here due-to the limited scope. Clinical trials have
been condiicted to both adjust and verify’ such parameters; as
well as the equwalency of the entire method. Those results
will be presented in & forthcoming publication.

The key techinology componeits of the IQ.SPECT system
are:
1. ‘Measared Deflections of the Gantry
2. ‘Measured Collimator Vector Map
3. Collimatér Point Response Function
4, Tterative Reconstriction

1) Gantry-Deflections:

Gravitational defléetions of the detector hieads during gantry
rotation degrade tomographic resolution unless they are
included in: the .system matiix. Precise Optotrak™
Jreasurements ‘on :multiple. systéms have shown that the

déflections -are highly repeatable. These deviations from

rigid-body rotation are desciibed by three angular
deflections-(pitch, yaw, and rolly and three translations, as
shown in 'Fig. 2. The dashed lines represent the standard
deviation-of the 13:units measured.

'(»‘llv‘hl o

iy

j”\ f

Ga:\i'y‘;‘\ng&
Fig. 2. Rotational and translational deflections:of a-detector head.{(110) during

‘an.orbit:in-a speeified configuration,

We obtained similar data for all possible detector head
confieurations, -orbit orientations, radial distances, and
collirnators: *varying in ‘their weights. This allows us to

completely characterize the: motion of each detector head.

Typical values are in the orderof a few tenths of degrees and
fractions of mm'.- T hese are not large values; however, if net
accounted for, these deviations amount to inaccuracies at a

! Detailed ‘scale Pas been remioved for proprietary reasor;

distance:of 28 ¢m of about:2 mni i the object area, that are no
loniger négligible. Figuré 3a shows the: difference in the
prajected. location of :a point 4t 28 ¢m with and without
iniclusion of the. gantry deflection cortections’ for a. LEHR
gollimator. While Figure 3b shows. the samé sffect for the
VectorMap fora SZ collimator:

Frdjeation Trior AGBCY-#{no BEE) DettaX. {max—min) H1

TR CAmim 27
vt e L
%3 P < st ;
‘ % f"J
g % s i |
£ v e = 2 ’ /
N W it L .
G . N
1 b4 §
Y . v ) . s
a 5 T a6 D 50 100 450 0 250

s i Slice ,J

Fig. 3. Difference. in projected posmon with/without -gantry ‘deflection
correction for LEHR collimaiors, (b} Variation'in projected pdsition due
collimator hole -angle variations from design specifications for a SZ
collimator.

2} Collimutor Veetor mup; directions of the collimator holes

The-cast ‘fabrication technique: of the collimators introduces
subtle, collimator-specific-deviations-of the hole orientations
from their design, An example-of this umque stgnature of the
collimator, which-we'¢all its vector map; i8 showst in Fig. 4.for
the axial (top) ‘and transverse (bottom) dimensions. These
were easured using proprietary techniques developed by
Siemens. The lines represent iso-contours: of constant hole
angle. The'images in the center of Fig. 4-are the vector maps
of the “ideal™ collimator deterniined by fitting the hole angles
to ‘the design equations.. The fight hand pangl shows: the
difference between empirical and ideal hole angles. The rms
error of the VectorMap measurement technique itself is less
than 0.06°, The absolute. eiror of determining the pointing
angles of the holes is less than £0.5°. The details of this
technique can not be described here because of intellectual
property-issues: Each collimator is characterized at the factory
before shipment and its tmitue: fingerpsint stored and shipped
with colliiatots: The:reconstruction iricotporates these vector

fiiaps into the projection operator.
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Fig. 4. VectorMap (depiction of angles) axial (top) and transverse (botiom)
dimensions (left) and deviation (right) from design (center).

3} Collimator point-response function

"A geometrical point-response function (GPRF) is used to
account for collimation. The GPRF is modeled using a
convolution of the hexagonal aperture functions representing
the entry and exit holes of the collimator. The current model
of the GPRF results is a “hex-cone” shape, deviating
significantly from the Gaussian approximation that had been
used in the past. The GPRF is then convolved with the
intrinsic detector PRF or IPRF, which is Gaussian in shape
with a measured fwhm. However, the combined PRF is
dominated by the conical GPRF at the distances of interest.

Figure 4 shows results from a test of modeled PRF shape
vs. measured data. Beyond a point source distance of 15 cm
the standard error of the hex-cone is preferred.

Standord £rrag,
ey K

* Gauss 3

1
\ A Hex
1w

b Y e
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w 20 3%
R Koo (4=)

Fig. 5. Point response function: measured (left), 3d Gaussian model (center),
3D hexagonal autocorrelation model (right). Standard error as function of
distance, showing that the Gaussian model is well suited for close distances,
but less so farther away.

4) lterative Reconsiruction

Qur new reconstruction engine is based on a conjugate
gradient method with ordered subsets, where we use a
modification of Mighell’s merit function to characterize the
Poisson statistics [4],[5].

Mighell [4] introduced a chi-squared-gamma merit function
for fitting models to Poisson-distributed counts. In the context
of image reconstruction, his merit function is given by ‘

2
ZJZ’ =Z(Ji_§HIala) (di+1) (1.

i

is the model image

Here d, is the count in pixeli, I,

intensity in voxel®, and H, is the forward projection
matrix from image to data space. The quantity

d =d,+Min(d,1) @
in the numerator of (1) is the modified count, used to ensure
that parameters estimated from (1) are unbiased.

The conjugate-gradient method is a minimization scheme
with quadratic convergence, without the need to explicitly
compute the Hessian matrix, which would be totally
impractical given the number of voxels. The conjugate-
gradient method, like any other gradient minimization, is
greatly accelerated by modifying the gradient by means of a
preconditioner. The purpose of the preconditioner is to point
the minimization away from the negradient (negative of the
gradient), which is in the direction of the greatest local
decrease in the merit function, in a direction that heads more
closely toward its global minimum. We derived a
computationally  efficient  preconditioner  under  the

assumptions that intensity change AJ, does not vary strongly

over the geometrical coupling range. Since the [QeSPECT
design is optimized for cardiac applications, it justifies this
assumption in our choice of the preconditioner.

We use 3D rotations to incorporate gantry deflection and
estimated motion vectors. Motion is estimated from the
distortion corrected projection views. The distortion corrected
projection views are generated only for visualization and
quality control, but not for reconstruction. They allow the user
to inspect the data and identify the heart with greater ease.
The system matrix includes the measured vector map and PRF
(as described above) and an optional CT-derived attenuation
correction averaged over the PRF. The forward projection
also includes an additive scafter-projection term, estimated
from the dual or triple energy acquisition windows.
Collimator-specific flood field uniformity are measured and
used by the reconstruction engine to correct for
nonuniformities in the projection data. It should be noted, that '
the reconstruction engine does not modify the data in any way,
so as not to alter Poisson characteristics of the data. The
reconstruction the image is post smoothed with a 3D Gaussian
spatial filter with a FWHM of 13 mm. The reconstruction
parameters of subset, iteration and post smoothing FWHM are
user adjustable. It is also worth noting that OSCGM behaves
differently from OSEM, and choosing a single subset yields
the best reconstructed image quality. The iteration number is
typically set to be 30. ECG-Gated data are reconstructed by
reconstructing each time bin and using a temporal smoothing
between the gates [6]. Based on clinical trials conducted to
product release we suggest reconstruction parameters for
various conditions, and results such work will be presented
elsewhere.

IIl. RESULTS

In Fig. 6 we show the reconstructed data acquired using 2
Data Spectrum normal male anthropomorphic torso phantom
loaded with 74, 370, and 407 MBq of 9mT¢ in the heart, liver,
and background respectively. These activities correspond to
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typical dlinical concentrations of a “"Te-Sestamibi found. in
‘humans..
reconstructions [71,[8] :.of scans with af LEHR parallel-hole
collimator and rows 3-4 with an-IQeSPECT variable-focus
collimator, Rows 2 and 4 include attenuation and scatter

corrections-and rows:1.and'3 do not.

¢. 6, ‘Tor
using LEHR. collitnators; b
inclide attenuationand scatter corvection, and rows.1 and 3:donet. -

In Fig; 7 we compafe- a standard. 20-min. clinical LEHR
acquisition (rows; 1-2) witha 4-min IQsSPECT protocol (rows
3-4) of the same patient, injected with:222 MBq injection at
stress-(rows |.and 3), and. 388 MBgqat rest (rows 2:and 4);

All  reconstiuctions include: .atteruation and scatter
corections.  (Data ‘Courtesy of University of Erlangen;
Germany.)

Rows 12 show Siemens OSEM3D (Flash3D)

Fig. 7. Standard 20:min clinical LEHR acquisition {rows: 1-2)-with 2. 4-min
IQeSPECT protocol (sows 3:4) of the same: patient, injected with 222 MBq (6
MCi) injection at stress-(fows  L-and 3), and 888 MBq (24:mCi) at rest.(raws 2
and-4). All recoristructions inélude attémuation and scatier corrections. (Data
Courtesy of Univetsity of Erlangen; Germany.)

IV. CONCLUSION

'We have presented the key technology components of the
Siemeéns’ IQeSPECT' product that is ‘capable of ‘performing
MP! studies at about a guarter of the time taken by a
donventiondl SPECT protocol: “We have showi phanton as
well.as ¢linical images’to demonstrate the diagnostic:quality of

thereconstitcted images:
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FOREWORD

Interest in multimodality imaging shows e sign of subsiding, New tracers are spread.mg out
the spectrum of clinical apphcauons sl innovative teuhnologlcal solutions are plepanng the
way for yet more modality marriages: hyhrid i lmagm,,. : .

Single photon emission computed tomography (SPECT) hes enabled the evaluation of disease
processes. based on functional and metabolic iufornration of organs and cells. Integration of
X ray computed tomography (CT) into SPECT has recently emerged as a biilliant diagnostic
tool in medical imaging, where anatomical details may delineate functxonal and metabohc
information, .

SPECT/CT has proven to be valuable in oncology. For example, in the case of 2 patient with

‘metastatic thyroid cancer, neither SPECT nor CT alone could identify the site of malignancy.

SPECT/CT, a hybrid image, precisely identified where the surgeon should opetrate.

However SPECT/CT is not just advanmgeoﬁs in oncelogy. It may also be used as a one-stop-
shop for various diseases,

Clinical applications with SPECT/CT have stated and expanded in developed countries. Tt
has been:reported that moving fiom SPECT alone to SPECT/CT could change diagnoses in
30% of cases. Latge numbers of people could therefore beneﬁt from this shift all over the
woild.

This report presents an overview ef clinical applications of SPECT/CT and a relevant souree
of information for nuclear medicine physicians, radiologists and clinical practitioners, This
information may also be useful for decision makmg when allocating resources dedicated to
the health cave system, a critical issue that is especially imporfant for the development of
nuclear medicine in developing comntries. In this regard, the JAEA may be heavily involved

in the promotion of programmes aimed at the IAEA s coordmated Jmearch projects aud

Technical Cooperation projects,

The IAEA wishes to express ifs thanks ta all exgeris who have contributed td this pubimaﬁon
The YAEA officer responmble for this publmauon was N, Watenahe of the Dmsmn of Human
Health,
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EDITORIAL NOTE

The use of pa::fzcu!ar dmgﬂatmns of conniries or ferritories does vof imply auy ]udoemem‘ by the
publisher, the TAEA, as to the Jegal strius of snuch co:mfnes or ferritories, of their authorities and
instifutions or of ihe delimitaiion of their boundaries.

" The incation af nomes of specific compenies or producis (whether or not indicated qs registered) does
not imply iy infention o infringe proprietary rights, nor should it be constrieed as ah endorsement
or recommiendasion on the part of the IABEA.
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4 INTRODUCTION _

Duaing the past several years there has been growing utilization of PET/CT, based on the fact
that fimctional and morphologic correlative iinages produced by this methodelogy fmprove
diagnostic accuracy. Similar progress is now being reported for SPECT/CT, a modality which
iy vapidly evolving from a somewhat under-utilized techmical option to gain an acknowledged
status for optimizing the dlagnosttc capabilities of single photon imaging, with potential
impact on patient management.

SPECT and CT are tonographic imaging procedures, each one with separately proven good
dimgnestic performance, SPECT produces computer-generated images of local radiotracer
uptake, while CT pmduces 3-D anatomic images of X ray density of the hwman body.
Combined SPECT/CT imaging provides sequentially finctional infoumation from SPECT and
the anatomic information from CT, obtained during a single examination. CT data are also
used for rapid and aptimal attenuation correction of the single photon emission data. ’

By precisely localizing areas of abnormal and/or physiological tracer uptaks, SPECT/CT
improves semsitivity and specificity, but can zlso aid in achieving accurste dosimetric
estimates as well as in guiding inferventionat procedures or in better defining the target
vo!ume fm external beam radiation therapy.

Gamma camera- nnagmg with, single photon emitting radzoﬂacers represents the majority of
procedures in a routine muclear medicine practice. Many of these examinations are tamonr or
cardiac imaging studies. The development of better instruments, newer computer based
procedures for image analysis and display, new “™Tc labelled agents for visualizing
biologicsally significant evenis (such as cellular growth, hypoxia, angiogenesis, apoptosis)
may enhance the fuhue value of SPECT/CT in texmns of both cllmcal impact on patient care
and cost effectwenass, ag oompared to PET/CT.

Dlagnosm and charactenzatxon of disease by CT imaging is hased on morphologic criteria
such as_size, textire and tissge attenuation. CT provides information regarding changes in
organ size and tissue density, as well as their precise spatial localization -and topographic
landmarks. However, struciural data do not necessarily correlate with the metabolic status of
disease. On the other hand, nuclear medicine imaging is based on the bio-distribution of a - -
radivactive agent over time and space, thus -vismalizing dynamic physiological and
pathophysiclogical processes that define the functional charactensucs of diseass,
lehcrmore, whaole body assessmenf is possible with a single radiation éxposire, as the.
icnizing agent is administered to patients yather fhan being delivered from au extemal source.
to each region of the body to be evaluafed, as performed with radiologic iniaging {e.g.
conventional X ray or CT), Howeves, scintigraphic itiages lack accurate anatomie landmarks .
for precise localization and characterfzation of findings, in spite of the fact that specific
radiopharmacenticals are used for assessment and diagnosis of specific disease processes. The
. above mentioned considecations explain why morphologic and fimctional imaging modalities

* are complementary, and not mmpeﬁxng techniques, especially if precise image Tegistration is

made possible by using 3 single imaging unit combining the emission based data (SPECT)

- with the transmigsion baged data (CT which also serve to correct the emission data for tissue
attenmation). Fmage regtstramm is the process of determining the geometric relaﬂonshlp
between multimodality imaging studies, in ovder to use mfmmatmn provided by one test in
the context of the other modality.
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2. OVERVIEW OF SPECT/CT TECENOLOGY
2.1. Update on SPECY/CT installations worldwide

While image fission techniques have been in clinical use for many years, the fist commercial
SPECT/CT systern was anly introduced in 1999, This system combined a tow-power X ray

- tube with separate gamma and X ray detectors mounted on the same slip ring gantry. The X
13y system operated at 140 kV with a fube cwnrent of only 2.5 mA. This resulted in a-

sipnificantly lower patient dose than that received duing a conventional CT~ imaging
procedure (by a factor of 4-5), but the quality of the CT images was inferior to state of the art
CT. Nevertheless, the fan beam formed by the X ray tube on the detectors allowed the
measurement of patient attenuation along discrete paths Provzdmg significantly higher quality
attenuation maps than those available with conventional "Gd scanning lines sources [1, 2].

This system has recently been equipped with a 4 slice low-dase CT scanner yielding an axial
slice thickness of 5 mm with each rotation instead of one 10 mm slice. This tool retains the

very compact design of the previous system, delivers a low radiation dose to the patient and

xequires minimal room shielding [2, 3]. Over the Iast 2-3 years there has been a large

expansion of SPECT/CT technology worldwide and, as at June 2007, there are approximately -
600 of these installations around the world and over 200 across the United States, The -

telatively large distribution of these SPECT/CT systems equipped with: a low definition CT
tube versus those eqmpped with high definition, standard diagnostic CT tubes (zsee below) can

be explained by two main factots: 1) this is the first SPECT/CT system made commercially:

available, and 2) the overall cost of these tomographs (equipped with a Iow definition CT
component) is considerably Tower than that of tomogtaphs equipped with a CT component
having ﬁﬂl diagnostic capabilities.

In this regard, following the commcrclal success of PET/CT systems that emplqy mul’u-slxce

CT scamners, there has been growing inferest in the development of comparable SPECT/CT
systems. Thus, in art ‘effort to further i improve imaging quality and teduce acquisition time,
new hybyrid systems employing state of the art spital CT scanners have been developed. These
sysiems combine dual-head gamma cameras with full diagnostic, up to 16 slice CT scanners
that allow vatiation of CT slice thickness fiom 0.6 mm up fo 10 mm, yielding diagnostic

_ quality CT images with a scan speed shorter than 30 5 for a 40 cm axial field of view T2, 31.

However, bedanse of the addition of 3 separate CT ganiry, these systesns are considerably
larger than conventional SPECT systems and have very different sefting and shielding
requirements corpared with the system equipped with the low definition CT tube. Since their

* introduetion in the matket, over 210 such units have been installed weori ldwzde. '

Access to hybrid- systems is limited in seversl counines due to their high cost, SPECTICT
systems hased on combining a ‘gantry-fiee’ commercial SPECT gystem with a single- or
mulfiple-stice CT scauner have vecently been developed [4, 5], In the fiture, firther cost
reduction and technological improverent are desfrable in otder to encoutape a larger
diffusion of such devmes worldwiie. -

23, General axchitecture of SPECT/CT devices

SPECT/CT systems bave the same SPECT component as conventional nuclear medicine
systems, the dual-fiead pamma camesas are pgenerally used for planar and tomographic
imaging of stngle photon emitting radiotracers. As mentioned above, the CT component of
the first-generation bybrid devieces wsed a low sesolution CT detector while recently
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developed, second-generation SPECT/CT systems incorporate a variety of multi-slice CT
scaumers. SPECT/CT systems include separate CT and garnima camera devices nsing common
or adjacent mechanical gantries, and sharing the same scanning table. Integration of SPECT
and X ray imaging data is performed by a process that is similar to that of PRT/CT.

X tay seatter can reach and possibly damage the SPECT detectors designed for radionuchde
low count rate imaging. Therefore, in a hybrid systemn thé SPECT detectors are off-set in the
axial direction fiom the plane of the X ray source and detector. In a hybrid system both
detectors have to be able to rotate and position accurately for tomographic imaging. In this
regard, accuracy of translation and angular motion differs from one imaging systém fo
another. While CT requires the highest accuracy, SPECT (with a lower spatial tesolution) can
perform clinical images with 2 motion acenracy of slightly less than one millimetre,

SPECT/CTY systems using a low-dose single- ox multi-slice CT have both the SPECT and the

CT detectors mounted on the same rofating platform, Imaging is performed while the

detectors are rotating sequentially around the patient. While this concept has the advantage of
nsing the ganity of a conventional gammea camera for bath imaging modalities, it limits the
rotational speed of the SPECT/CT option io approximately 20 seconds per rotation, In
SPECT/CT systeans incorporating diagnostic CT scanners, the gamma cameta detectors are
mounted on a different platform, separated from the high speed rotating CT device (0.25 to
0.5 s per revolution). This design increases the performance of the CT subsystem but it also
increases the comple:uty of the geniry and the cost of the technology

Dual modality imaging reqmrm longer stretchets than single modality imaging devices. While
built to support patients weighing up to 500 pounds, these scanning tables, extended to
accommodate the needs of hoth components (SPECT and CT), deflect to some degree while
loaded with normal adult patiesds. The extension and degree of deflection of the table can
intfoduce a patient-dependent mis-registration between CT and SPECT data. One solution to
this problem is the design of a table supparted an its base at the front of the scanner as well as
at the far end of the X xay system, s minimizing the table deflection. Another solution is to
use a table fixed on a base, moving an the float to infroduee the patient into the scanner.

The workstation of the SBECT/CT device is responsible for system control, data acquisition,
image reconstruction and display; as well as data processing and analysw. CT data ate
calibrated in order to obtzin attenuation correction maps for the SPECT images. SPECT and
CT images are displayed on the same screen in addition to the fused images, wluch represént
the overlay of a colowed SPECT over a grey-scale CT image. A 3-D display with
triangulation options allows to locate lesions and sites of interest on the CT image and to

. redisplay themt on the registered SPECT and fused SPECT/CT images.

2.3, SPECT/CT acquisifion protocels

Acquisition on SPECT/CT systens is perforined in a sequential mode. With devices that have
a low-dosé CT component, data are typically acquired by rotafing the X ray detector 220°
around he patient, with the X say tube operated at 140KV and 2,5mA. The CT images
obtalued bave an in-plane spatial resolution of 2.5 mm, and of 10 mm in the axial direction.
Scan fime is appoximately 16 s per slice, for a fotal study duation of 10 min for the CT.
SPECTICT sysiems using a diagnestic CT component ave characterized by higher spatial
resolution and fhster scanning fime (approximately 30s for the whole field of view),
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associated however with higher radiation doses. An attenvation map is created at the end of
the CT acquisition time.

The SPECT companent s represeited by a rofating, dual-head, variable angle sodinm-iodide - |

scintillation camera. The defectors can be placed eitlier in & 180° or a 90° position. Regardless
of the type of SPECT/CT that is used, SPECT acquisition curcently requires 2 routine
scamning fime of approximately 20-30 min, depending on the radiotracey, as for stand-alone
SPECT acquisition protocols. SPECT is reconstructed using iterative methods incorporating
photon attenuation corréction based on the X ray transmission map and scatter oorreutmu

Since X ray and radionuclide data are ot acquired snnultaneously, SPECT § images are not
contaminated by scatter radiation generated during the X ray image acquisition. Also, since
the patient is not removed from the table, both imaging components are acquired with a
consistent and identical patient position, allowing accurete image registration if we assume
that the patient has not moved during the entire dwration of the SPECT/CT study. CT is
usually acquired in matrices of 512 x 512 with the sewest CT scauers, or 256 x 256 in older
scanners, and has to be resized into slices with the sawie pixel format and slice width as
SPECT. Spatial registration of the CT and SPECT .acquisifions is important since

migalignment of the attenuation niap relative to corresponding radionuclide images can cauge

‘edge artefacts’, bright and darlc-“rims” across edges of these regions.

SPECT/CT image mis-segistration or blurting may oceur, mainly due to patient movement as
well as respiration, cardiac motion, and peristalsis. Differénces in urinary bladder filling can

lead to erronecus co-registration between SPECT and CT. acquisitions. With SPECT/CT .

devices equipped with low-dose X ray tubes, CT is performed during shallow breathing to
Facilitate image registration. However, the fonger acquisition time increaseg the chances for

. patient motion. With hybrid devices equipped with malti-slice CT, anatomic imaging is

acquired following breath-hold, during tidal breathing, or during a short part of the respiratory

cycle, whereas SPECT data are acquired over several minutes. This again can lead to mis-
tegistration. In addition to fwliy lecalization, non-registered attenvation maps can lead to.

under- or overestimation of IadJ.Omm]!de uptake.

The presence of contrast media in the CT images acquired as pat of the SPECT/CT study-

complicates the atienuation. correction process. Also, high concentiations of intra-venous

+ contrast material captured during the CT acquisition may have redistributed hy the ime the

SPECT acquisition is performed. Froage segmentation techniques sepatating different areas
inside the images may solve this problem, or alternatively, a very low powered non-contrast
CT can be performed prior 4o the SPECT for attemruation correction, foliowed by the contrast
CT sﬁldy as the Iast step, -~

24, Techuical staffing for SPECTICT

" A roajor asset for proper implementation of novel SPECT/CT procedures is he fechnologist.

Tt is important fo take the time to frain and educate the technologists so that they can deliver
zn end product of the highest quality. While it is preferable for technologists to have their
work product divectly ehecked by the intexpreting physician before the patient leaves the
depariment, in some oulpafient settings techuologists must make their own decision, and
thexefore they need fo be well trained and using robust and repraducible protocols, The new
generation technologists therefore have o be frained in muclear medicine and CT, to have
expexience in reviewing scans and to be able to idextify avtefacts oconrring during acquisition
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of studies. Instructing the techmologists about pertinent history questions and designing a
template to be flled out for each patient will emsuxe that all of the clinical information to
furfher assist in the reading of the images is aveilable. Traning requirements for €V and
SPECT technologists differ in various countries, Under ideal clrcumstances a technologist
should be fully trained, experienced and cextified in boih nuclear and X ray/CT technologies.

3. GENERAL NUCLEAR MEDICINE SPECT/CT PROCEDURES
The SPECT campone:it of the S8PECT/CT procedure is pexformed usmg the aequisition

protocols routinely employed for the dual-head ganuma camesa. This device is equipped with -
- collimators adequate for the sggc ific tadioisotope in use, such as low energy, 111%11I resolution

parallel hole collimators for #™Tc, or mediun energy collimators for “Ga, "I or V'L
[mag;ing is typically performed with the defectors facing each other at 180°, typically

"acquiring 120 projections over a 360° orbit and vsing a fime per projection 0f40-50 5, A 64 x

64 matrix is commonly employed for the low coent isotopes, while the Ifugher resolution 128
x 128 matrix can be applied for the higher count rafes typically generated by P Te.

CT images are obtained immediately following the SPECT acquisition. For the low-dose CT
devices the acquisition parametess include settings at 140 kV, 1-2.5 mA, 13 sklice, 256 x 256
image matsix, 5 mm slice thickness and slice - spacmg For diagnostic CT acquisitions the
settings are 140kV, 80mA, 1s/slice, 512 x 512 image matrix, 48 cm reconstruction
digmeter, 5 mm slice thickness and slice spacing, Skeletal CTs of diagnostic quality can be

performed at lower mAs products to reduce the radiation exposure of the patient. A variety of - |

other settings are possible depending on the specific diagnostic question asked of the CT
scanngr. These include, in particular, protocels to. pexform low powered CT with the multi-
detector scanners, e.g. when a CT of diagnastic quality is already available er high powered
CT is not deemed necessary for the particular question under sindy. Some sirategies restrict
the CT field of view to the regions exhibiting SPECT abnormalitics, thus reducing the
radiation dose delivered o the patient even fiwther [6]. Data are leconsttucted usmg filtered
back-proj ection softwam and filters provided by the mannfacturer.

Co-registered CT and SPECT are acqitired by tianslating the patient from one detector to the
other while the patient remains Iying on the same {able. This allows the CT and radionuclide
images to be acquired with a cousistent scomner geometey and body habitus, and with a
minimal delay between the two acqui 81310113 .

3. L. ”‘I—Iodide SPECT/CT in thyroid caneer

Well diffsrentiated thyroid camcer has an incidence of approximately 1:10000 [7], Xis
standard treatment includes total thyroidectomy and therapy with ®'L-iodide [8, 9]. With this
combined approach overall 5 year survival rates exceed 95%. However, the long term
prognosis is worse for patients who present with locally advanced tumours or distant
metastases af diagnesis, as ‘well as in case of dedifferéntiated neoplasms (hecause of their
veduced iodine-irapping property) {10]. This subgroup accomds for approximately 20% of
patienis with well differentiated thyroid carcinomas and deserves special attention on follow-
up. ' ' o .

The ihexapentic effect of ®*f is provided by its beta-emission. In addition, this motoge of

e,

fodine emits 364 keV gamma rays that can be detected by gamma cameras, Therefor
also used as a diagnostic agent since most, but not all metastases of thyroid carcinoma’ have
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retained the normal thyrmd parvenchyma’s ability to accumulate iodize. The bzo—d:smblmon of

Bl is ugually sufficiently defined | by planar scintigraphy. SPECT is only rarely used for this
purpose, as the image quality of *'-SPECT is hampered by the high energy of the gamma
radiation emitted by this radionuclide.

13Y is only poorly concentrated by most extrathyroidal tissues. The salivary glands, sfomach,
intestines, and urmary bladder are the most nofable exception to this rule. Thus, gamma
camera images of "I distribution in the hunan body lack anatomical detail, becauss no clear
reference Izmdmatks can be recognized. This renders localization of radioiodine foci dtfficult

if not irmpossible at times; and may constifute 4 problem in those pdtlents in whom surgmal :

removal of metastases is indioated.

Jodine-avid metastases can be small, Furthermoate, they ‘may oceur in regions eﬂnﬁitm,,
distorted anatomy dne to previous surgery. Their localization using CT or MRI may therefore
also not be possible. SPECT/CT co-leg[sh'ation certainly is an elegant meilod of focalization

(Fig. 1), although the evidence to this effect is still scarce. Papillary and, albeit to a lesser-

extent, follicular. thyroid carcinomas metastasize frequently fo the cervical aud mediastinal
lymph nades. Therefore, dissection of the central cervical lymph nodes is, in many cases, pait
of the iitial surgical procedure [11]. Despite a theoretically total thyroidectomy, a variable
amount of normal thyroid parenchyma persists within the patient. This provides the rationale
for postoperative radiofodine therapy for ablation of thyreid remnants. On the post-therapeutic
radioiodine scans, the high activity contained in this paremchymal residue may hamper
cervical N staging in many cases. With SPECT/CT, this problem may be overcome (Fig. 2).

Preliminary data using SPECT/CT indicate that approximately one fourth of patients may .

actually hatbour cervical lymph node metastases at the time of radioiodine ablation, the
majority of which elude detection by planar imaging [12): Clearly, further longitudinal shidies
are needed to define -the ‘possible’ clinical impact of th1s previgusly unavailable early

. mfonnatlon ongervicat lmph node mvolvmmnt

@

FIG 1. (4} The plana **Liodide scon in a 16 year old potient with thyroid cancer discloses an
iodine-avid focus (arrow). The patient had had Heee swgical proceduies (inchding fotal
thyroidectomy) and 37 GBg of "I, so ihat this Jocus indicates the presence of a fivther byinph node
metasiasis. Considering scarring from prior singevies, exact locelization of this lesion is an essential
requisite for fts surgical resection. This anatowsic information can an!y be achieved by SPECT/CT (B).
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FIG. 2, (4) The planar scan post-radiviodine ablation of thyroid renments shows radioiodine-avid
tissue in the neck of a patient after total thyroidectomy, withoul the possibility of discriminating **'1
uptake in remnant normol thyroid parenchyma from possible lymph node metastasis. (B) SPECT/CT
demonstrates fvo cervical lymph nodes in this patient (arrows) that camot be differentiied from
benign remnant tizsne in the planar scon. ' _ ' :

‘Althongh B uptake s quite specific for tissue originating from the thyrbid-gland, ‘the list of

false—positive findings on planar whole body scans is quite long [13]. Only in rare instances,
false-positive findings are accounted for by “'I upiake in cancers of non-thyroid arigin, such
as small-cell bronchial carcinomas. Pevsisting thymic tissue has been described to concentrate
radiciodine and may be the benign corselate of mediastinal ™I sccumulation frequently. seen
ini children and young adnlts, In addition, many. false-positive scans are caused by structural
abnormalities of organs physiologically excreting radiolodine, or by contaminations of the

.skin. All such false-positive findings reduce speeificity of the scan.
Cléady, I uptake in metastases may be mistaken far physiological wptake if it is scen in

regions whero this usually cecus, thus lowering the sensitivity of "I scintigraphy. However,
prebably due to the lack of a reliable gold standard, evidence on sensitivity and specificity of
radioiodine scanning is scarce. Furthermore, the recent introduction of ultra-sensitive assays
for sexumn thyroglobulin (a marker of pexsistent/recurrent disease after strgery and radioiodine
ablation of thyroid remnanis) is somewhat changing the approach fo the follow-up of these
patients, especially in the low-risk group [14-18]. Nevextheless, by offering the possibility to
precisely localize ' iptake, SPECT/CT is expected to improve the diagnostic acenracy of
radieicdine scanving and therefore to have a significant effect on pafient management, As yet
two publications have dealt with this issue [12, 19]. Thayp and colleagues retrospectively
studied the diagnostic impact of "MI-SPECT/CT imaging in a helerogeneons group of 71
patients with thyroid cancer [12], In 61 of these, SPECT/CT was used fo evaluate the neck,
allowing a precise characterization of equivacal lesions on planar imaging in 14/17 patients
and changing the assessment of the lesion localization ju five patients as compared with
planar studies. Thirty-six patienis of that group bad SPECT/CT for foci of uptake distant from
the neck. In this subgronp, SPECT/CT identified equivocal lesions as definitely benign in
nine patients. Parfhiermore, it helped to precisely loealize malignant lesions jo seventeen
patients. The incremental diagnostic vatne of SFECT/CT was repotted to be 57% in the whole
group. Rof et al. investigated the benefit of SPECT/CT hytwid imaging in 25 patients with
thyroid carcinoms exhibiting 41 foci of ' uptake considered inconclusive on planar imaging

7
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[191. Of these foci, 95% were correctly classified as benign or malignant by hybrid imaging,
the gold standard for final classification being represented by clinical follow-up and/or
additional ultrasound, CT, or MRL In the patient based analysis, SPECT/CT wag found to
change the therapeutm precedure in 25% of the subjects studied.

These pilot studm suggest that diagnostic :mpr_ov«ammfs brought abont By SPECT/CT in

patients with thyroid carcinoma ate considerable. However, considering the variable clinical
‘presenfations of differentiated thyroid cancer,.validity of the above conclusion should be
based on large-scale multi-centie prospective studies enabling siratification of patients into

 statistically meaningful homageneous subgmups

3.2. Neuoral crest and adrenal fumonrs

Pheochromocytomas and paragangliomas are chromaffin cell tmmours originating frem the
adrenal medulla and from the paragangha, respectively, Sympathetic-derived paragangliomas
are most freguently located in fhe retroperitonenm and thorax, while parasympathetic
paragangliomas are located near the aortic arch, neck and skull base. These tumonys are satd

1o follow in general the 10% xule: apprommaﬁcly 10% are malignant, 10% fam111a! 10%

extra-adrenal, 10% bllatera] and 10% oceur in chﬂdren [20,21].

Baxly diagnosis, accurate pre-treatment staging and adequate follow -up ate crcial as to ﬂ1e

possibility of curing such tumours, Althongh multi-detectér row CT and high-field MRY ate -

reliable for accurate evaluation of these tumonrs and are usually employed for initial imaging,
they are inadequate for whole body assessment (especially MRI).

Radioiodinated metahddhanzylgnanidine (MIBG)’, an anglogue . of .no:epix-lephrinc and'
guanethidine, was the first radiopharmaceutical capable of specifically depicting and

localizing catecholamine-secreting  tumours, inchading  pheochromocytomas  and
paragangliomas. Nowadays, MIBG scintigiaphy (genetally performed with the 2 Jabelled
radiopharniacentical) is still regarded as one of the Arst-choice imaging techmiques for
diagnosis and follow-up, as it depicis primaxry aind residual or vecument tumowts, as well as
metastatic lesions, with an overall acouracy. of about 90% [22].. Moreover, in pai:xents with
malignant disease, MIBG scintigraphy is an essential step to select patiénts for ™ IMIBG
therapy.

However, the clinical utility of MIBG scintigxaphy is oftenn impaired by a lack of accurate
anatomieal information, in particular with regard to [esign localisation, Nevertheless, the
combination of anatomical maps and scirgigraphic imaging, as provided by the SPECT/CT
hybrid systems, has allowed 4 significant improvement in Jocalizing MIBG-avid foci (Fig. 3),
mainly by more precisely deﬁnmg the tumotiral extension and by increasing specificity (as it
petmaifs to exclude disease in foci of tracer uptake identified as sites of physielogical
accumulation). In this respect, major benefits have been observed in case of tumours located
near organs with high physiological tracer uptake, such as liver and myocardium, and when

‘characterizing areas of noxmal MIBG bio-distribution or exerction, thus avoiding the need for

delayed imaging [23, 24].
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FIG. 3. "ILMIBG scintigraphy in a 26 year old woman who had wndergons laparoscapic left
adrenclectamy 5 years earlfer because of pheochramocytoma. Despite histological appearemce of
benign pheachromocytoma, symploms and blochemical markers of disease recirred, leading to the
diagitostic scan. The whole hody planer scan (left panel) shows multiple foci of tracer uptake in the
abdominal area, most notably in the liver and in other arveas suggesting possible bymph node
metastases, Hawever, SPECTICT images (upper and lower right panels) show that such foci represent
peritoneal implants rather than visceral or lymph node metastaces, possibly secondary to intra-
surgical dissemination of benign pheochromocytoma cells. '

Qzer et al. have explored the role of fused SPECT/CT iinaging for MIBG scintigraphy in a
series of 31 patients with suspected pheochromocytoma [25]. Tn 81% of the cases, fused
images correctly charactesized the focal tracer uptake detected on planar “I-MIBG scan as
physiological intestinal, renal or hepatic accumulation, Furthexmore, SPECT/CT correctly
localized focal accumulation in the adrenal glands of four patients and differentiated bone
metastages from a local recurrence of pheochramocytoma in two patients. SPECT/CT also
discriminated MIBG uptake in a rebropetitoneal recurrence fiom adrenal hyperplasia
consequent to conivalatesal advenalectomy [26].

Neutoblastomas and ganglionesvoblastomas are peorly differentiated fumours arising from
precursors of the sympathetic nervous system that typically occur in infimts and young
children, Newroblastoma is the most conrmen extracranial solid tumow: of childhood. Tt inay
arise anywherxe along the sympathetic chain, but most commonly occius in the adrenal gland,
with metastases present in 50-60% of patients at the time of disgnosis. Prognosis is affected
by age, site of the primary tumour, and surgical resectability, Ganglionenroblastomas are
trangitional fumowrs of sympathetic cell origin that confrain elements of both malignant
neurcblastoma aud benign ganglionewema [21]. The most cominon tumour sites are the

. adrenal mednlla (35%), retropetitoneum (30-35%), posterior mediastinum (20%), neck (1

59%), and pelvis (2-3%).

MIBG scmﬁgcaphy is usefirl not onty for identifying the primary tumours, but also to moxitor

the pattern of metastatic spread (with an overall 92%. sensitivity and 96% specificity) and
response fo (reatnient [22]. However, fised SPECT/CT images are expected to further
improve s diagnostic accuracy, especially if performed in selected cases, ie. in patients with
inconclusive planar or SPECT imaging with respect to the exact anatomic localization of the
lesions detested on the scinfigraphy. In particnlae, given the refatively hiph frequency of
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skeletal metastases in neuroblastomas, SPECT/CT can differentiate between bone and bone '
~ marow involvement. Moreover, hybrid imaging helps to characterize fumour recinrence in

clase vicinity fo the heart or liver, organs with high physiological MIBG uptake. On the other
hand, in paediatre patients SPECT/CT. may help to clarify the diffuse physiologic tracer
nptake in the right heatt sometimes misinterpreted as malignant mediastinal, stemal or
vertebral sites of tunour involvement {23, 26]. :

SPECT/CT provides therefore a cliﬁically usefil option for localizing sités of abnormal

MIBG upfake and for chatacterizing their benipn or malighant nature. In addition to

increasing speeificity of staging and providing useful anatomic information on surgical
{%sem‘abiliw, the procedure also has an impact on the selection of patients to be treated with
I-MIBG. :

3.3, n-gctrentide SPECTICT for assessing nenroendocrine tumeonys

Wy octreotide scintigiaphy is widely employed to image somatostatin-receptor-positive
neuroendoctine tumonrs. Over the last decades, lesion defection and overall clinical accuracy

have improved due fo optimized imaging techniques, The currently injected dose of 6 mCi of

Wi octreotide (' -DTPA-pentetrootide) has doubled as compared to the 3 mCi dose

. administered in the initial studies. SPECT imaging is now routinely performed,
- Neuroendocrine (NE) tumours of the pastrointestinal tract include carcinoid and islet-cell

tumonrs, and surgery is the treatment of choice. Detection of all fumour sites is critical for
referring patients fo surgery and for its optimal planning, Localization ¢f lesions may be
difficult, due to their gmall diamster and lack of anatomical delineation [27]. The sensitivity

of conventional imaging madalities, mainly CT and ulitasound, ranges between 13% and

85%, depending on the type, site and size of the tumour and on the frmaging protoco! [28].

Many ne__liroen‘docxine tomows show an increased expression of somatostatin receptors. A
vatety of amalogues with high binding affinity fo somatosiatin' wocepioss have been

gynthesized. One of these is octreotide, an eight amino acid cyclic peptide, with a biologic

half-life measured in hours, which is used as an injectable therapentic agent to inhibit excess
secyetions from newroendociine tumonts. Somatostatin receptor scintigraphy is based on the

use of octreatide as a carrder of radionnclides for diagnostic imaging or targeting therapy. A~

tyrosyl molety in position 3 of the cyclic amino acid ring, the tyrosyl™-cctreatide has been
substitated initially with I {29). Since ™[ is an expensive and short lived radioisotope, the

" nse of "'In bound to the ectreotide molecule, M!In-DTYPA-pentetrectide, has been further

developed, with the otiginal actreotids eight amino acid molecule covalenily bound to DTPA
that, in fum, serves fe Lok the xadiometal [30]. ,

"Diagnosis, staging and follow-np of nemwroendoczine tamouss bave advanced considerably '

with the advent of "'In Yabelled pentetreotide scintigraphy. This modality has a reported
sensitivity of 82-95%, and can successfully detect previously wiknown sites of disease,
undetected by conventional imaging techniques, in 30-50% of various NE tumaours [31, 32].
Octrectide scintigraphy improves the locatization and staging of primary tumomns and enables
early detection of recutence [33], In addition, actreotide scintigraphy facilitates the detection

of receptor-dense microscopic foel dwing tadioguided swgery and i being wsed to -

detexmine if the whole Gunour hizs been xesecied, Scintigraphy is also being used to define the

- zeceptor-stains of metastases for octreotide treatment [34-36] or for fargeted receptor-

mediated radiotherapy [37-39] 1t has been méviowsly demonstrated that ocireotids
scintigraplyy induced a change in classification in 24% and in smgical sirategy in 25% of

10

00078

531

(12/05/13)



‘532

patients with gas&o-entsm—pancteatic tumotus {40], and changed the patient management in
47% of patients with gastiinomas [41]. -

Despite the valuable contribution: of platar and/or SPECT Wiy oetreotide scintigraphy to the
diagnosis and management of patients with keown or sm;pecfsd newroendocrine tumours o
other processes charactenzed by the increased expression of somatostatin receptors, the
patiemns of distibution of " In-octreotide have raised the need for comelating: scintigraphic
findings with anafomic imaging results. The overall specificity of scintigraphy may be
affected by tracer upteke in physiological sites or in benign conditions. False—positive
interpretations may be cansed by the high receptor siatus of nommal organs, such as the
pituitary gland, thyroid, fiver and spleen, ot by physiological excretion of the iracer via the
kidneys or- the bowel. Hepatobiliary execretion, accounting for clearance of 2% of the
administered dose, may lead to occasional visualization of the gallbladder which may
potentially be misinterpreted as hepatic metastasis [42], Guidelines for octreotide scintigraphy
therefore vecommend performing delayed stindies that demonstrate changes in tracer kinetics
and thus provide the differential diagnosis between benign, physiologic and malignant sites of
tadiotracer uptake. Neuroendocrine tumours are often localized in the abdomen and it can be-
difficult o precisely .localize a suspicious lesion, or to differentiate whether a foous of
abnornal uptake is in the pancreas, small bowel, liver or bone without anatomic correlation.
In the region of the liver, it is difficult to dlshngulsh botween physiologic gailbladder
accmnulation versus a lesion in the head of the pancreas, in the nght adrenal or in the small
- bowel. ‘ '

Octreotide smmtgraphy, alﬂloug;h Inghly sensitive, is lim1ted by the lack of premse anatomic
localization, and requites correlation with high resolution anatomic imaging modalities in a
large number of cages [4(), 43]. Side by side interpretation of the two image sets (SPECT and
CT) acquired sepa:ately, a5 well as co-reglsttatmn of separafely acquired anatomiic (usually
. CT) and SPECT "'In-ocireotide imaging daia have been developed. These techniques work
- quite well for fusion of studies of the brain, as there is no shift of the intra-cranial content

from one stindy to another. In the thorax, there are differences in organ and lesion position
depending on respiratory dynarnics. Central mediastival stryctires have limited excursion so
that satisfactory co-registiation, although very cumbersome and fime-consuming, can be
achieved. In the abdomen and the pelvis, there Is the potential for significant shift of lesions
depending upon patient positioning and variations in stomach, ‘bowel or bladder distension.
This represents a challengs for co-registration of separately performed SPECT and CT
examinations, even when they are obtained within a close- temporal intetval, leading to
possible mis-alignment of suspicions foel. A software package has Deen used to fuse helical
CT and SPECT images of 28 lesions identified in 10 patiends, nsing either external fidyeial
. markess or intemal anatomic landmarks (spleen and kKidney contowr) [44], and a shift of a few
mm in organ Jocation between SPECT and CT has been demonsteated. The use of image co-
regisiration in the pteoperanve stagmg of patients with pastro-entéro-pancreatic
newrcendociing tumours following ! In-octreoﬂde adminisirafion has also been evaluated in
38 patients with 87 lesions {45]. The accmacy of successfilly assigning the anatomical
location by two independent readers increased from 57% and 61% to 91% and 93%,
respectively, using co-registration, Diagnosis and localization of liver metastases fo a specific
segment improved from 45% and 58% to 98%. and 100%, respectively, with relevant
information for finther therapewtic decisions in 19% of the patients [45], Nevestheless, the
approach of co-registering sepacately perfonmed octreotide-SPECT and CT studies cannot be
comsidered as ihe optimal appmach for assessment of fupetion and anatomy of -
nem'oendocnne tumours,

1
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SPECT/CT may localize foei of increased tracer activity to normal organs with known
physiological activity, without the need for performing delayed scans on additional days.
SPECT/CT may also improve image interpretation when the foci of increased tracer uptake
can be precisely localized to octreotide-avid benign processes, such as recent surgery or
colostomy, increased thyroid uptake n Graves® disease, accessory spleen, pavapelvic cyst,

benign breast lesions and granulomatous lung disease (e.g. sarcoidosis) [34, 46]. When active -

malignant disease is dlagnosed SPECT/CT can precisely define the organ involved and
determine’ the' presence or -sbsence. of invasion into swriounding tissues, Following the
diagnosis and Iocalization of neuroendocrine tumours, SPECT/CT way also- help in

- determining the extent of disease, defining it as localized or disseminated, and thus influence
- the choice of the most appropriate treatment modality [47-49]. When disease is confined to a

single organ, a localized mode of organ-specific.therapy is suggested, such as surgery ar
chemoembolization (Figs 4, 5). When a goft-tissue tumour has invaded the adjacent bone,
surgery is inadvisable, In extensive, unresectable disease, systemic therapy is tequired,

Initial studies have shawn that SPECT/CT had an impact on pat[ent management in 5 out of

- 10 patients with nexroendocrine tumowrs [50]. Fusther studies have indicated that ocireotide
" SPECT/CT has a specificity of 86% and a positive predictive value of 85% for diagnosis of

newoendocrine tumoms, and resulted in a change in managerent in 3-14% of patients [46,
49]. PHmnenberg et al., in an analysis of 43 patienis with neuroendocrine tumours, compared
SPECT/CT resuits to those of SPECT and to high-end CT stand-alone irnages, histopathology

- or clinical and imaging fo]low—up representing the diagnostic standard, Separate SPECT and

CcT mierpmtanons wexe in agreement for 56 of 114 lesions overall (49% concordance) Fox

'the remaining 58 lesions (51%), consensus readings of the fised SPECT/CT images resulted

in a change from the origimal interpretation of 39 CT and 19 SPECT examinations. Ovetall,
SPECT/CT oniperformed significantly both SPECT and high-end CT. The greatest accuracy
involved the use of SPECT/CT with side by side availability of high-end CT. In fact, in this

repoxt SPECT and side by ¥ side high-end CT performed slightly better than SPECT/CT [51]. A

preliminary report of '''In-octreotide SPECT/CT in 27 patients with suspected or known

zeuroendocting tumonrs, primarily of the gastro-entero-pancreatic type, indicated that fused _

images improved the overa]l diagnostic conﬁdence in 15 of 27 cases [52].

'In 4 Jarge seies mcludmg 72 paheuis, with neuroendocrine tumours, Krausz etal. evaluated

the imopact of SPECT/CY on the diagnostic accuracy of octreotide scintigraphy and on firrther

.clinical patient managernent [47]. SPECT/CT improved the stidy fnterpretation in 32% of the

fotal sindy population (52% of ihe posifive stodies). SPECT/CT allowed for the precise
Iocalization of foci of increased Mn-octreotide activity theteby defining the whole extent of

 disease in 17 patients, it diagnosed previonsly wisuspected bone metastases in 3 patients and -
defined suspicions lesions as sites of physiologic activity, wovelafed fo cancer, in 3 additional -

patients. SPECT/CT altered the subsequent management of 10 patients (14%). Results of
fused images modified the previonsly plamicd surgical approach in 6 patients, spared

imnecessary suegery in 2 patients with newly diagnosed involvement of the skeleton, and led
- to vefexral of one patieit each fo Liver transplant and to chemoembolization, rather than fo

sysiemic therapy. .

12

00080

533

(12/05/13)



N

&

Planar 24 hfS Plaiar 45 hrs.

FIG. 4. "Un-octreotide SPECT/CT in duodenal carcinoid, A 56 year old women with duodenal
carcinoid diagnosed following biopsy of a ducdenal wlcer was referred for defining extent of disease
priar (o treatment planning. Whole body plenar scans performed at 24.and 48 b after tracer injection
are normal, SPECT demonstrates o small focus of abrormal tracer activity in the right mid-abdomen,
Iocalized by SPECT/CT fused images to the chiodenum, consisient with the kaown primary tumomr. No
additional sites of abnormal tracei activity are seen. The patient was referred for: stirgery.

 Planir 48 tes

FIG. 5. "In-octreotide SPECT/CT in pancrentic insulinoma. A 68 year-old woman was hospitalized
because of severe kypoglycemio. CT indicuied a suspicious lesion in the tail of the paneveas. Whole
body planar seans performed at 24 and 48 b afier fracer infeciion are normal. SPECT desmonsiy. a!e.v a
smali facus of abnormal tracer activity in the left upper abdomen, in close proximity to the figh "' -

" octreotide uptake in the sp.’em This suspicious lesion is localized by SPECT/CT fused imuages (o the

snirl} lesion seen on CT in the tail of the prowcveas, consistent with a pancrediic insulinoma. No
additional sites of abnormal tracer activity are seen. The pat:ent was referred for surgery.
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Octreotide-SPECT/CT provides information regarding the fimctional status of the tumour, its

precise localization and the whole extent of disease. Fused images are thersfore useful tools to

choose the opttmal treatment shateby, mainly in patients with advanced -disease. When

solntigraphy is negative, SPECT/CT is of no additional value except for verification of
receptor density in a fumour visualized on CT. SPECT/CT provides greafer accuracy in

localization of findings than finctional SPECT imaging alone and greater specificity than

anatomic CT as a stand-alone procedm'e

Yo summary, despite the favowable m:pact that "fn-octreotide scintigraphy, particutarly
SPECT, has had on the diagnosis and managenient of patients with nenroendocrine tumours,
these featres improve even further when correlated with amatomic imaging data acquired
sequentially during a single imaging segston. Criteria for improvement include higher
diagnostic sensifivity and specificity, as well as impact on patient management. Thus, it can
be concluded that near siimuliateous acquisition of both CT and SPELT image sets (hybrid

SPECT/CT) represents the sfate of the art for dlaguosnc "y-octrectide imaging of -

neuroendocrine fumowrs,

34, “Ga-citrate SPECT/CT in lymiphoma

7Ga-citrate scmtxgraphy has lorig been shown to be useful fo1 evaluaﬂng patients with
Iymphoma, and SPECT/CT has fimther improved ifs diagnostic sensitivity as well as
localization of areas with abnormal fxacer upiake [53], In partioular, SPECT/CT proved to lie
very helpful for distinguishing spial lesions from adjacent nodal involvement, It was also
able to clarify the fracer uptake at the edges of the lower chest, projecting over the hepatic
dome, tibs o stemum, Furthemmore, SPECT/CT imaging has been shown to provide
additional information or diagnosis from C'I‘.detected abnormalities leading to slgmﬁcant
change in paﬁent’s managament [54]

3.5. Lymphoscmhgraphy ‘
Accnrata tymph node staging is essentlal for the treatmient and proguosis in panents with

cancer. The sentinel lymph node is the first node to which lymphatic drainage and metastasis
from the primary tumour occur. Procedures for sentinel Iymph node defection and biopsy

have alvready been implemented into clinical practice [55 56). Precise anatomic localization.

of the sentinel lymph node is critical for nummally invasive swgery and to aveid incomplete
removal of e senfinel node, GSpeclally in the regmns of the head and neck, the chest and the

*pelvs

Inthe l:ead and neck the lymphatlc dmmage s in the levels I through VIL A node in level I-A

is in the subdigastric muscle area, and a node in level I-B is in the submandibular area. A

node in level II-4 is anterior fo the stemocleidomastoid (SCM) mnscle, and a node in level M-
B is adjacent (o the SCM muscle, Nodes in Ievel Il are above the byoid bone. A node in level
IIL is adjacent to the SCM muscle, between the hyoid bone and the cricoid cariilage, A node in
level IV is adjacent fo the SCM muscle below the cricoid cartilage. A node in level V-A is

behind the SCM muscle above the ericoid camlage, and a node in level V-B is behind the
‘SCM mnscle below the cricoid cardilage. A mode in Jevel VI is in the anterior middle neck

between bilateral SCM museles, andamdemlevelVIInsmﬂ:e supexior mediagtinum,

Axillary lymph node levels are Ievel I (low) Jateral to the pectoralis minor (PM) mmscle, lcvel
1T (mid) behind the PM muscle, and level Il (high) medial to the PM muscle.
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The resection of external iliac versus inguinal fympl nodes requires significantly different
surgical approaches, and thus precise preoperative localization is exucial for optimal surgical
approach. A node above the level of the inferior epigastric artery which is anterfor and lateral
to the bladder base is an external iliac node, and the nodes below the inferior epigastiic artery
are ngninal nodes, further subdivided info superficial and deep ones by the sapheno-femoral

-yenous junction.

Ouly. SPECT/CT imaging can precisely locate the sentinel lymph node since CT images

provide critical anatomical landmarks such as the hyoid bone, cricoid cartilage, SCM and PM
muscles, inferior epigastric artery and sapheno-femmoral venous junction.

SPECT/CT increases the sensitivity and specificity of lymphoscinfigraphy, and also provides
the additionsl diagnostic information from the CT images [57-62). A standard dose of
0.5 mCi **Tc Iabelled colloid (5-80 nm) is injected iniradermally around the melanoma
lesion, intexstitially around the breast cancer lesion and snhoutaneousty around other tumours.

SPECT/CT is usually obfained immediately aftex 1denufymc drainage of the actmty on serial

planar images (Fig. 6).

@w L ®

FIG. 6. Additional mformrxon over planar scmhgrq:lgr provided by SPECT/CT in two patients with

 malignant cutansons melanoma submitted to Iymphosciniigraphy with ”‘"Tc-albumm nenocolioid

before radioguided sentinel lymph node blopsy. (d) Lefi panels show the planar posterior (top} and
left lateral (Botiom) views in a patient with melaoma located an her back: multiple bilateral lymph
nodes can be delected, without however clear reference (o precise arntotnic structires. Right panels
show SPECT/CT lomographic sections of different levels, demonsirottng bilateral lymphatic draining
{0 both axitlory (top) and sabscapadar (bottons} lymph nodes. (B) Left pansls show the planar right
oblique (top) and anterior (battom) views it & patient with melanoma lacated on Bis anierior right
chest: nizltiple lymph nodes can be detected, without however clear reference o precive anatomic
structures. Right pangls show SPECT/CT tomographic sections at different levels, demonsirating

Yynphatic draining fo both axilicey and interaal nammory chain byaph nodes

3.6. Skeleinl scintigraphy for- staging mnhgnant dizease

Scmugtaphm unagln,, g of bone metabolism s a cost efficlent way to prove or exclude skeletal
metastases in patients with mmours prone fo metastasize to the skeleton, such as breast
prosiste, or lung carcinomas [63]. Thexefore, hone scintigraphy is included in the majority of
guidelines addressing manageroent of these neoplastic conditions in many countries and is
one of the most frequently performed radionnclide imaging procedures performed worldwide.
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~ In a recent siudy compering the diagnostic accuracy of 5’9”T«c—phosphonate skeletal
scintigraphy to that of [*FJFDG-PET in patients with thyroid carcinoma [64], seusitivity of

the conventional procedure was not significantly different from that of [“F]FDG-PET.
However, its specificity was significantly worse. This result can be considered representative
alse of other tumowrs and is not at all unexpected, since there are several highly prevalent
benign conditions leading to focally increased uptake of the radiclabelled phosphonates In the
skeleton. Most of these conditions teffect degenerative processes of the joints increasing in

frequency with age, such as spondylatthrosis or coxarthiresis. Additional benign causes of.

enhgmced uptake ae theumatic disease or benign bone tumotrs.

Sihce most of these benign conditions ave readily identifiable on CT, SPECT/CT is expected
to improve specificity of skeletal scintigraphy without reducing its sensitivity. Besides single
case reports illustrating this assumption, several pmspechve studies have investigated this
issue.” - .

In 2{}04 Horger et al. demonstiated significantly increased specificity when using -

SPECT/low-dose non-spitab-CT for - classifying 104 lesions in 47 subjects exhibiting
indeterminate findings on comventional planar imaging [65). This sindy is particularly

‘valuable considering that the refevence gold standard for final classification of lesions was

either histological confirmation or extended chmcal follow—up, and thus mdepandent from the
I&aults obtained by SPECT/CT. .

Romer et al. emplayed a SPECTICT camera equipped with a twa slice splral CT for

‘ classifying 52 lesions in 44 patients, defined as indeterminate on SPECT imaging [6]. These
- aufhors reported that SPECT/CT enabled coryect classnﬁcahon of the scintigraphic -

abnormalities in 92% of the sub]ccts studied. ' -

Utsummlya et al. used a hardware sef-up comparable to that of a bybrid SPECT/CT camera,

. by transferring the patient positioned on the same table in an identical position from a stand-
atone SPECT camera to a genivy of an 8 slice CT [66]. By studying 45 patients and based on’

receiver-operation crve (ROC) analysis, they canfirmed the significant inctease in diagnostic
accutacy brought ahout by co-regisiration of these two modalities. Furthermose, they also
showed that eo-regisiration peiforms significantly better than side by side viewing of the two
sefs of images (SPECT and CT, tespectively) on the same wmks!auon

Considerhxg the evidenoe sunmarized above, one cammot but comclude that skeletal
SPECT/CT is the new imaging gold standard when searching for osseous metastases and that
for this pupose conventional seintigraphy becomes obsolete (Fig. 7). Unsettled issues inchude
the quality of the CT integrated into the hybiid system needed for this purpose, as well as the
relative diagnostic aceuracy of this approach compared to whole body MRI and PET using
[BFIFDG or ®F-fluoride. Although these options appear atiractive, a cost effectiveness
awalysis might sfrengthen the role of SPECT/CT in this context.
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Pt#i

FIG. 7. The upper vow shows SPECT, CT, and fused ima; es of a lumbar veriebra in a paiient with
breast cancer (Pt #1). In this patient, increased uptake of " Te-MDP is due to arthrosis of the facet
Joint. The lower row depicis similar images in another breast camcer patient (Pt #2). Although the
SPECT appearance of the lesion is quite similar to fhat in Pt #1, the cr overlay proves it fo be a swnll
mleoiyszs )

3.7, Skeletal SPECT/CT in orthopaedics

Up until approxmatcly 20 years ago, planzu X ray and skeletal scintigraphy weére the imaging
procedures of choice in patients with benign orthopaedic disease. Although MRI has brought
a dramatic change to the predominance of radiommclide imaging in this field, skeletal

seintigraphy still holds the promise of sensitively depicting fimctional alterations of bone. .

However, difficulties in precisely localizing abnormalities of bone metabolism relative to the
complex anatemy of the skeleton have greaﬂy weakened ifs clinical role, despite its much
lowes costs than MR g ) v .

" In principle, SPECT/CT would be suited to overcome these problems as demonstrated in

several case repoxts (Fig. 8) [67]. However, so far only ong study has systematically. studied
the clinical benefit of SPECT/CT in cuthopaedic disease [68]. Using a SPECT/multi-slice
non-spixal CT, Even-Sapir ef al. analysed skeletal image data from 89 consecutively studied,
non-oncological patients, - These patients had non-specific lesions on planar skeletal
scintigraphy for which correfation with morphological imaging was considered necessary.
The indications for radionuclide bong imaging were pain in 61, prior trauma in.7, suspectad
infection ov inflammation in 6, and fever of unknown origin in the remaining 2 patieats. Gold

- standacd for final classification was consensus opinion among the readers, and this represents
a possible Timtitation of the siudy sinee it was not independent from SPECT/CT itself, Hybrid

imaging enabled a definite diagnosis to. be reached in 59% of the patients studied, obviating
the need to peiform additional imaging. In another 30% of patients, SPECT/CT provided

- information yelevant for their further dingnostic workup, The anthors thetefore concluded that

SPECT/CY is a clinically xelevant component of the diaghostic process in patients with non-
oncological disease referred for bone scintigraphy.
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- FiG. 8. (4) Early (left panel) and late (right panel) posterior planar skeletol 'scinxigraﬁzs of a 74 year
old patlent afler revent traumi, showing enhanced wplake of **Te-MDP in a vertebral body of the

lower thoracic spine. 3-D-volume rendeiing of the SPECT/CT fusion (B) shows that the lesion is in the
twelfth vertebral body. The inspection of the fased tomagrams (C) proves it to be a fractyre; moreover,
the one-stop shop examination discloses it 10 be wnstable since the posterior corticalis s btvolved, thus
motivating immediate surgery. : : '

3.8. TLchloride in covebral masses

The diagnosis of a postoperative residual brain tumour is a challenging clinical pioblem, since |

both conttast-etthanced CT and T1-weighted MRI after surgery ars difficult to intexpret while
precise diagnosis is needed for planning radiation thetapy. Likewise, in HIV infected patients,
the differeniial diagnosis between primaiy lymphoma and cerebral toxoplasmosis is ofien
problematic. - N ,

Thaltium js a metallic. monovalent cationic element in group LA of the periodic table of
elements. 211 is cycloiron-generated and is adeinistered in the form of thallous chloside,

The celtular uptake of *'Tl after iv. administration depends on both blood flow and the

cellular extraction fraction, which mainly occws via the Na'/K*-ATPase active transport
membrane punp in viable cells. A minor fraction of 22'TE uptake ix also related to co-transpoit
system, calcium jon channel system, vascular immatudity with “leakage’, and increased cell
membrane pexrmeability. Tumour cells have shown geater 'TI uptake than normal
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connective tissue or inflammatory cells, In primary. byain fumouss alterations in the blood-
brain barrier play a key rofe in 2Tl acenmulation [69].

In nosmal subjects little 201 activity is seenin the cerbral substance, since 21 carmot pass
the blood-brain bartier and diffise into the brain tissue. Conversely, high radioactivity is seen
in the orbits, the base of the skull and nasopharyngeal region, and around the scalp. There ave
no significant diﬁérences between early {10 minutes) and delayed (3 houys) images. In case of
brain haematoma, °'T1 uptake seen in early fmages sxgmﬁcanﬂy decreases on delayed scans
{701

Postoperative T SPECT demonstrated a significantly better accuracy than contrast-
enhanced CT in detecting residual tumonr in 33 patients [71]. Actually, distuption of the
blood-brait barrier dwing the postoperative ?ermd often leads to uncettainly in CT
interpretation. Co-regisivation and fusion of 2'T1 SPECT with CT could thus opfimize
postoperative radintion therapy planning through a truly anatomo-metabolic image.

20'71 SPECT has also been soen to be useful for dxﬂ'erenﬁaﬁng bram fumour recurtence from
radiation necrosis or gliogis after radiotherapy, with more reliable information than CT and
MRI in identifying progression, mPlovemem or uo change in brain tumowrs in follow-up
studies [72, 73].

Becatse 22Tt does not acomnulate in normal brain parenchyma, anatomical localization of

incteased tracer uptake is difficult. Registeation and fosion with anatomical images facilitates

this task during the clinical workup of pafients with brain tumours [74]. Appropriate ‘

attennation correction based on the CT transmission dafa counld also help in the reconstruction
of 2171 SPECT images, which will furfher improve image contrast and detectahlhty of areas
of increased uptake, leading fo 2 higher sensitivity of #'11 Imaging, particularly for

infratentorial and small size tumours. Until now, physicians have relied mainly on their
spatial seise to mentally reorient and overdap *™TI images with the anatomic dafa. This - -
.approach is inconsistent and highly subjective and can vield suboptimal resuls because it

docs not take full advantage of all the awailable information [74]. Jmage fusion allows
acourate determination of the awafomic sites of noimal and shnommal uptake (Fig. 9). The
precise localization of *'T1 accumilation is essential to guide the choice of biopsy site

_(conventional or sfereotactic), in an effort to decrease the potential for tissue sampling eror in
. the pathologm spemman or for plamming radiosurgery [75]. Moreover, the accunate

asgessment of *'T1 uptake can be of significant value afier surgical and/or xadictherapy
treatment it planning firther therapentic sirategies, such as additional surgery or radiotherapy,
becanse CT ahd MRI are ofien unable to distinguish residual tumowr fiom post-therapy

- changes, Fused images can also help in optimizing the treatment specifically to tha viable

malignant tissue and in the early diagnosis of recnrrence during follow-np,

39. *™Tc-depreotidein solix‘ary pulmonary nodnles

The characterization of solitary. pulmonary nodules (SPNs) represenis zn important clinical
preblem because, although they may be caused by many benign conditions, bronchogenic

‘carcinoma i being increasingly idenfified as one of the main etiologies, especially in the |

elderly. Swrvival rate at 5 years may be >80% in patienits wiih resected malignant SPN, while
it is <5% for patients with advanced inalignant disease. Ideally, diagnosﬁc approaches to SPN
wonld penmit definitive reseciion when possible: andd avoid resection in patients with bemgn
disease [76]. .
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| FIG. 9. SPECT/CT performed aﬁ‘er admmlftratzan of ' Tl-chivride in an HIV infected patient

referved for differential diagnosis between primary Wmphoma and cerebral toxoplasmosis. ™ Tl
accymulation in the left hemi-cerebellum supports the diagnosis of ‘brimary lymplmma v

Depreo‘hde is a synthetic cychc peptldc, an analog of somatostatin, that bmds with high

~ -affinity to somafostatin receptors 2, 3, mod 5. Radmlabe]led with *™Tc, this agent has

successfully been used for SPN imaging [77). In fact, "’I‘c—depteotidehas been appsoved by

~ the US Food and Drug Administation for the noninvasive differentiation of SPN, and it

tepresents a cost effective alternative to [PFJFDG-PET in this application [78]. *™To-

deprectide SPECT and [*FJFDG-PET have demonsirated the same specificity (86%) for
small (u &to 1.5 cm), and equal sensitivity (92%) for large (more than 1.5 cnt) SPNs [79]. The
role of *™Te-deprectide in staging patients with non-small cell long cancer is still umder
investigation, although an elevated number of false—positive resnlis have been teported in the
hilar/mediastinal regions due to nonspecific iracer uptake [30, 81]. SPECT/CT may help.
image inferpretation by improving specificity at diagnosis and staging and by differentiating
physiologic activity (patahilar mediastinal region, beme marrow uptake in the spine, ribs and
sternum) from malignant uptake in the pnmary tumottr or into metastatic lymph nodes (Fig.
10). Additionally, the improvement in image quality by the use of X ray based attenyation-
mrrecnon could increase the deteetion rate of smaller nodules. '

3.10, l’rostaScmtlgraplly

" Functional or molecular imaging of prostate cancer presmis a challeng;mg problem because of

the decp anatomical location of the postate gland in the pelvis, which eauses significant
attenuation and scaﬂeung problems. Patient’s movement, changes of the pmsiate volume, as

well as chdnges in fhe shapes and contents of the rectum or bladder during imaging can
further exacerbate the problem in image-fission multimodality i lmagmg visualization of the

prostate.
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FIG. 10, Transcxial, corondl, atid sagistad tomograms of SPECTICT imuaging obtained afler injection

of " Te-depreotide in a palient with a solitary pulmonary mass occasionally discovered on chest
Xray. Intense tracer uptake indicates malignancy, while the fused SPECT/CT images suggest thai,
while there Is na extension qf the gumour fo infiltrate the chest wall) there is possible mvolvement of
the pericardium.

The oveall dingnostic accuracy of imaging wusing 5mCi "'n-ProstaScint (monoclonal
antibody against the prostate-specific membrane antigen) has been reported to be 76%, with

44% sensitivity and 86% specificity relative to histologic findings [82, 83]. Tncreased -

aceuracy of the ProstaScint scan for diagnosis of prosiate cancer has been I_ep,oifted when
fusing SPECT images with either CT or MRI [84, 85]. In addition, ProstaScint imaging can
be applied to guide brachytherapy or mtensxty-modulaied external-beam radiation therapy’

"[86], as well as radioimmmothetapy using Y—wpromab pendetide for tecuwrent prostafe

cancer [87].

331 SPECTI CT in the preoperative localization of paraﬂ'tj'rnid adenomas

' Parathyroid scintigraphy with #®Te-sestamibi (eaployed either as a smale-tracer, dual-phase

protocol or in combination with other tracers with exclusive uptake in the' thyroid for
subtraction imaging) is ciitical for p:eoperatwe localization of parathyroid adenomas,
egpecially in the perspective of applying mini-invasive parathyroid surgery [88-90]. Even
before the introduction of hiybrid SPECT/CT instnmentitior into clinical routine, stand-alone
SPECT procedumes had already demonstrated clesr superiority to planar ”"Tosestannbl
scintigraphy for imaging and localizing pavathyroid adenomas, especially when planning the
best surgical appiroach to ectopic adenomas, mainly loeated in the mediastinum [91-98].

Howeves, because of the paucity of anatomic landmarks in pure SPECT images, some form of
muliimodality co-tegistration often fnned out to be usefil for better localization of adenomas
relative to ceitical anatomic structures, such as those available through side by side viewing
with, e.g. CT images or by post-acquisition: image fusion, Useful complementary information
as to location of ectopic parathyroid adenomas can also be derived by sequenﬂa.l acquisition,
after ”"‘I‘wsesﬁnnbl scinfigraphy, of scintipraphic images obtained by injecting a second
feacer; e.g. an intravascular indicator such as radiclabelled albumin or red blood cells, to
identify the topographic relafionships of adenomas with the principal vascnlar structiwes [38].

The recent growing-scale implementation of hybrid SPECT/CT eqnipments has dramatically
improved this scenzrio, by enabling simuManecus acquisition and accurate single hardware
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co-registration of fmctional images (derived from *™Te-sestamibi scintigraphy) and of the
comresponding moxphologic images (derived from CT). Thus, it can be concluded that, at
present, SPECT/CT represents the stato of the art in preoperative localization of parathyroid
adenomas, especially in cases of ectopic location and in the presence of concomitant

muliinodnlar goiter (Fig. 11). In all these conditions the localizing performance of SPECT/CT

is clearly supetior to both planar scintigraphy 2nd staud-alone SPECT.

@

® -

FIG. 1i. Patients with parathyroid adenomas in whomn bybrid SPECIFCY imaging turned oyt fo be crucial for
accurate preoperative localization and for planning the mast adsquate surgical agproach. (4) EZarly (top lefi)
and delayed (bottom lefi) planar**Toestamibi scans.in a potient who had undergone unsuccessfill pavathyroid
surgery durving which the left tyroid lobe was also resected because of concomitant nodulor goiter (persistent
prisary hyperparathyroidism despite removal.of an enlarged parathyroid gland ectoplenlly Tocated in the
anterior mediastirtin that kad been identified on a planar " To-sestanibl scan). While both scans (left panels)
are negative for paraliyroid adenama, SPECTICT imaging (vight ponel) enabled 15 identify abnormal fracer
sptake located posteriorly to the trachen, (B) Two patietts i whons SPECTICT imaoging with *™*Te-sestamibi
localized hypesfimctioning porathyoid adenomas and led ta plon the optimal surgical approach for their
successfil vesection, In Pt #1 the adenoma wos located adjacent 1o the righl wall of the irachea, while in Pt #2
the adenoma was Iocated in the aerios medistimim,

An ezdy report by Gayed et al. suggested that SPECT/CT had a significant impact on surgical

management of patiends in only a limited fraction of pafients (5 out of 48 cases in their
experience), ad considered therefore that the added value of CT (with the related radiation
exposure) did oot justify the routine application of the procedure, except peshaps in patients
with ectopically located adepomas [99], However, more recent yeporis emphasize the impact
of SPECI/CT compared to planar and/or SPECT scinfigrapby (cither as a stand-alone

imaging or as side by side viewing with the comesponding CT images) on srgical
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management of patients. This canclusjon has been reached by Krausz et al. who repoit a
change in the susgical approach in 10/33 ectopic and 4/23 orthotoplc paraﬂ1ymid adenomas
[100}.

Similatly, Serra et al. have shown that SPECT/CT improves preoperative localization of
parathyroid adenomas, with sipnificant swgical impact in 39% of the cases [101]. In thelt

. patients, SPECT alone comectly localized 14/23 parathyroid adenomas (61%), while
SPECT/CT correctly localized afl 23 lesions (100%, 14 of which wete ectopically located).
Furtherimore, SPECT/CT was crucial in demonsirating the refrofracheal location of an
adenoma in three patients. Better performance of SPECT/C‘I versus planar or stand-alone
SPECT has also been reported by Lavely et al. {102], while Ruf et al. have emphasized in
particular the role of SPECT/CT for attennation comection of the SPECT data based on the
CT transmiggion data {103],

In conclusion, image fusion as obtained by hybud SPECT/CT imaging with mpe sextamibi
is of value for Surgical planning in both prirary and secondaty hyperthyroidism [104].

Concerning in particular secondary. hyperparathyroidism, it is crucial that all parathyroid
tissue showing *"Tc-sestamibi nptake is removed, becanse these parathyroid glemds are those
- yesponsible for the increased production of parathyroid hormone. When relying only on visual
inspection, of the surgical field, in the absence of fimctional information some simply
hypetplastic' (but not hyperfunctioning) parathyroid glands might be removed unnecessarﬂy

Wider clinical expertise using the hybnd SPECT/CT technology will certainly have a teIevant
imnpact in this field.

3.12. SPECTICT for diagnosing infection and inflammation

" Infection and inflammation can represent a woajor diagnostic challengs for physicians,
Dlagnesxs and precise delineation of infections foci may be ciitical in certain. clinical
scenarios and render decisions oonce.mmg fmfher patient manaoemmt problematic [105
106]. .

Both morphologic and ﬁmct:oua! imaging modalities have been extensxve!y employed for
diagnosing and monitoting infections. CT and MR images provide high-quality anatomic
details, However, the structiral 2bnommalities undedying the infectious process are, in some
cases, non-specific or apprecizble only in a subacule or late phase of the disease. Nuclear
medicine has gained a etucial role in the evaluation of patients suspected of hatbouring
infection, especially becanse of its capability of demonstrating physiologic processes and
metabolic changes that often preceds anafomic chang&e by several days or even weeks [106~
123]. :

Although a variety of new radiopharmaceuticals have been exp lored as to their ability to
detect- apd localize infections znd inflanmatory processes, Ga-cifrate scintigraphy and
scintigraphy with "o~ or ™ Tc-HMPAQ labelled sutologous white blood cell (WBC)
remain the functional imaging techniques of choice for diagnostie work-up of infection [105].

' However, both “Ga-scintigiaphy and WBC-scintigraphy suffer from poor spatial resolation
- and somewhat low spec:ﬁmty because of the absence or paucity of anatomic landmarks. These
limitafions make precise localization and characterization of areas with focal abnormal traces
wpiake problematic, even when employing SPECT imaging. At least pant of these difficulties
can be overcome when contemporary CT fmages are available, by cither side by side viewing
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aboormalities afler trauma.

and, even beiter, by software based § ixaage fusion analysis [124, 125]. However, siwilar as
with other scintigraphic applications, the introdnction into clinical routire of integrated
SPECT/CT scammers for combined anatomic and fumetional nnagmg haz offered new

opportunities for infection imaging, especially for facilitating precise anatomic localization

and accurate chaxactenzatmn of infections foci [2].

Recent reports have explored the contibution of SPECT/CT to a more acehrate interpretation
of WBC~scmhgraphy for an array of clinical indications in different regious of the body, by
distinguishing nonnal physielogic distribution of labelled WBCs fiom accumulation due to

. underlying infection. Major advantages bave been observed for infections processes with
* thoracic or abdominal localization, because of the potential difficulty of chavacterizing foci of

WBC' zccumulation near the major vessels, In snch cases, the hybrid techmology helps in
discriminating blood-pool activity from infectious sites, with substantial bepefits for the

 evaluation of suspected vascular graft infection and fever of unknown origin [126] _
Moreover, SPECT/CT with mT&HNfPA@WBC can be very useful to image hone and j Jomt '

infections, by allowing accwrate localization of labelled WBC accumulation. In parficular, in
some cases of bone infection with adjacent soft-tissue involvement, while planar images afons
are not able to distinguish soft fissue from bone, hybrid imaging is able to localize additional
sifes of leukocyte uptake in neighbowing soft tissue aud to precisely define the extent of
infection, fhus modifying clinical patient management and therapeutic approaches in several

) Cases.

After teaumatic iujury, skeletal changes can often be observed in morphologic imaging (i.c.

CT or radiography). Although fusion imaging with a bybrid camera ¢can foprove the

diagnostic accuracy of SPECT, it cannot be a snbstitute for conventional high resolution CT,
which maintainsg its diagnostic role in most clinical situations. However, with regard to bone

- imaging, reporis show that even the low-dose CT ofthe hybrid deviee may provide sufficient
diagnostic anatomic information. - ' '

i this Filippi and Schillaci have recently ovaluated the usefiilness of SPECT/CT for

- iaferpretiig T Te-HMPAQ-WBC scintigraphy in 15 patients with suspected osteomyelitis
- and 13 patients with suspected infection of orthopaedic prosthesis [127]. SPECT/CT fusion

cowrectly characterized and localized the site of labelled WBC uptake in all patients with

_ osteomyelitis, discriminating soft tigsue from bove and having a substantial impact on the

clinical management. Moreoves, among patients with suspected Infection of orthopaedic
implants, SPECT/CT offered 2 more accurafe anatoroic localization of the site of infection
than SPECT alone allowing differentiation betwreen prosthesis and sofi-fissue uptake. The
authors concluded that hybnd imaging provided additional anatomic information on all
patients with positive scan results (64.2'/6) leading to a more accarate definition of fhe extent
of infection with significant impact in decisions therapeutics. In particular, major bevefits
wese achicved for the diagnosis ofmlapsingoslnmnyelms in pattents with simcmml bone

i

A]though “Ga—cﬂrate has beea used for scintigraphic imagiog of infection and inflammation

for many decades, its bio-distribution (with high accumnlation in the gastmmtestmal b:act)
and its sub-optimal physical emission chavacteristics sésult in a relatively poor imaging
quality, making mtmpretahon of abdominal imaging quite problematic. In an attempt to

. improve the quality of ¢ Ga-citcate imaging, Bar-Shalom ¢t al. have explored the added value

provided by liybrid SPECT/CT imaging as an adjunct to “Ga—smﬂugmphy (in 47 patients)
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and to “TcHMPAO-WBC scintigraphy (in 31 petients) [126]. The contribution of
SPECT/CT was analysed on a patient- and site-basis and was compared for the two tracers
and for various clinical indications. SPEC’IICT provided an additional contxibution for

" diagnosis and localization of infection in 48% of the patients and in 47% of the sites.

Although SPECT/CT, because of its capability to localize abdominal uptake within the bowel,
enabled the correct exclusion of infection in four patients undexgoing ° TGia- ~sciatigraphy, the
investigators found that the clinical added value of SPECT/CT was significantly higher for
WBC-scintigraphy than for “Ga scanning (63% versus 36% of patients). This data can be

anatomic information,

. explained by the high specificity of WBC, with low background actlvxty and therefore limited

New agenis such as "radiplabelled anti-grannlocyte monoclonal antibodies, radiolabelled
ciprofloxacin, radiolabelled biotin, may benefit fiom hybrid imaping, as reported in some

preliminary studies. Biotin (or vitamin H) is wiilized by growing bacteria at the site of

infection according to the rate of their metabolism. This featiire is the basis for the successfill
utilization of iy biotin for imaging infection, especially in difficnlt to interpres conditions
such as the spondylo-discitis. However, since Biotin does not appreciably accumulate in
nowmal bone and/or bone marrow, the exact identification of the vertebral body harbouring
infection can be problematic. Therefore, In ovder to improve diagnoslic accuracy and to
differentiate between veriebral and soft tissue pmavertebral infection, SPECT/CT acqmsmons
may bé pérformed, In a preliminary study, Lazzeri et al. have investigated the role of 'In-
biotin SPECT/CT in 70 patients with suspected staI ‘infection [128), and have thus
confirmed the high diagnostic potential of one-step '"'In-biotin hybrid imaging. Moreover,

 these mthors demonstrated that SPECT/CT imaging allows accurate evaluation of spinal

infection diffexentiating hetween vertebtal and soft tissue peravertebral involvement.

Other radiopharmaceuticals, such as ***Tc labelled anti-gramulocyte autibodies (AGA), are
known to be highly sensitive and specific for diagnosing infectious disease, but image
analysis and exact anatomical definition of the infections foei is ofien difficult. In a series of
27 patients with snspected chronic post—tramnatlc ostecmyelitis, Hoxger et al. have evaluaied

‘the value of fused SPECT/CT imaging after injection of *™Tc-AGA [129]. All patients

underwent planar and SPECT/CT imaging studies 4 h and 24h after injection. The anthors
found high sensitivity (100%) for both planar and SPECT/CT imaging, associated however
with different results in terins of specificity (78% for plavar versus 89% for SPECT/CT).
SPECT/CT cortectly localived all abnormal foci of tracer uptake detected on planar and
SPECT images, and also enabled accurate discximination between soft-tissue infection, septic
arthritis, and osteomyelitis. :

Although the potential of fused SPECT/CT imaging in infections and inflammatory disease -

has not yet been fully elucidated and fisther validation is required, hybrid imaging provides
precise anatomic localization with significantly improved diagnostic accuracy over plonar or
SPECT alone (Figs 12-14). These new techniques, in conjunction with the use of highly
Spemﬁcmmmﬁsfordmofmﬂmmatmymwase,mmeahngawholemwand
powertinl mnmmmﬁanmn for: disgnosing mhhous faci.
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PE#Z

FIG 12, Potients with cardicvascular lufection fmaged with awologous ”‘"Tc—fﬂdPAOleu/wcytes
ond SPECT/CT. Although the most iikely site of éndocardied infection in Pt # 1 was expected to be a
mitrad valve itaplant (visible on the CT component of the examination), SPECT/CT correctly identifled
the wicuspidal vafve as the actual site of lfection (fop pemel). In Pt #2 (previously submitted to
implant of aorto-bis-iliac vascular prosthesis), SPECT/CT defined the extent of infection as invelving
only the lefd side of the vascular grafi (bottom panel). o :

FIG. 13, ‘Patiem's with infectious focl in the abdominal avea, Pt # | (left panel) developed persistent
Jever resistont o entibiotic freatment shovtly after combined pancreasectomy and splenectomy,
performed becowse of a pancreatic adenocavvinoma of the rail infiltrating the splenic hilus.

SPECT/CT performed as part of awologous ™ Te-HMPAOQ-leukocyte scintigraply reveals a sub-

diuphragmaiic abscess at the ip of the draining catheter that had been placed during surgery. Pt #2
(right panel) kod instead fever of unknown origin. During cutologous **Te-HMPAO-leukocyte
scintigraphy, it is only SPECI/CT that reveals location of an abscess af the ugper pole of the left

Kicney, which on plavar scan could only be generically located below the lower pole of the spleen.
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TN

Pt

FIG. 14. Paolients with different forms of osteonyelitis, with accurate definition of the extent of
Eifection by SPECT/CT. Posi-traumatic osteomyelits of the left anide in Pt #1 (left panel), imaged after
injection of " Tc-anti-granulocyte antibody. In Pt #2 (vight panel) SPECT/CT performed during
autologous ***Te-EMMPAQ-leukocyte scintigraphy demonstrates that infection avising i o dinbetic

faot involves not only the soft tissue but also bone strdctures. Such accurate localization of the disease

brocess was pmblemaﬂc aot only on planar .scmhgrapizy but also on stmcx' alone SPECT

3.13. Cardiac SPECT/CY pmcedum
3.13 1. Mypocardial pexfusion imaging — CT based cﬂtmuaaon cotrection

Myocardial perfusion imaging (MPI), using 2071 and P Iabelled radlophaunaceuﬁnals for
stress/rest SPECT shudies is at present the main non-invasive modality for evaluation of
coranary artery discase [130]). Hs accuracy is, howevet, limited by image artefacts that can
canse falss—positive perfusion defects and therefore reduce the fest specificity. Although the
initial validation of MPL-SPECT performed in Iuminary sites reported a specificity of greater
them 90%, firther large-scale chinical use of the technique has been associated with specificity

_in the xange of 60% or lower [131, 132]. One of the most common iinage artefacts is cansed
by non-miform reduction of photon aclivity from attennation by soft tissue. This can be
recognized, or at least suspected by experienced readers, becanse of the typical logation and

shape relative fo the heast. Aitenvation artefacts usually occur in the anterior wall in women'

..with laxge busasts and in the infevior wall in obese men [133-135]. Although the frue-

prevalence of soft tissue arfefacts is unknown, estimates range between 20% and 50% of
patients [136, 137). , _ _

Several approaches have been used to addvess the issue of spurious false posttive resalfs in
MYI due fo photon attenation inclnding, among other Opﬁons, awareness of their potential

. occuirence and location, routine assessment of taw imaging data, compmative assessment of

smdlea pexformed following a change in the patient’s position (prone versus supine) and gated
which assesses wall motion. These approaches impirove arfefact recognition but they
all have limitations, Although guidelines of the American Society of Nuclear Cardiology

recommmdﬂntmuuaﬁoncouecuonshnuldbepﬂfomdmaﬂpaﬁenls,themamclcaﬂy '

some patient populations that benefit more from this procedumre, generally the largest-size
pat!ems Depmxbngoneqmpmemavmlabﬂﬂyanddmlywoddoad,ﬂmmstSPF(Tsmdym
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- acquisition uses 2°"T1 for rest and c-swlnmsz or

used in some centres as the exiterion for tnage decxsmns for performing attenuation correction
acqutsmon.

In otder to defermine the true tadiotracer distibution in the myocardinm, several techniques
have been developed with the goal of generating patient-specific attenuation maps.

Attenuation maps generated by transm:ss:on soutced at the time'of the scan bhave, until the Jast
- decade, been the most conmanty used method of cotrection, Various transmission geometries

have been adopted, including sheet, nultiple lines, or scanning line sources, a fixed source
positioned at the focal line of a fn-heme collimator, or a moving point somce [138].

Commercial systems use mainly Gadolinium-153 (*(d, 100 keV) with a 100-day halflife,

supplied af 3 maximum of 400-500 mCi/source. With deciy of the sonirce, a degradation in
the aftenuation map leads to a ceniral underestimation of the true attanuahon coefficients.

An additional approach has a,ttempﬁed to use anatomic images imporied from CT, but has
been limited by difficulties in corvect motching of the morphologic and scintigraphic data sets
since images are acquired on different systems, at different time points, with the patients lying
on different sivetchers, These limitations are, at least in part, overcome by near-simultunecus
acquisition of MPI and CT on a singlé Imaging device. Historically, SPECT/CT systems have

been initially developed with the specific goal of achieving optimal CT based attenuation of

myocardial perﬁmon scinfigraphy.

Cardiac SPECT is petformed nsing a duaLhea;l genia camesa equrpped with low encugy, . 4

high resolution parallel hole collimators, and with the detectors at 90° to each other. The
acquisition is perfarmed over a 180° u:b1t during a £§f{.°d of 12-20 nnnutm Dual 1sotopes

‘e-tetrofosmin for steess, while single
isotope acqmsmon uses the sams isotope, P Te-sestamibi ar ®™[c-tefrofosmin for both rest

- and stress, For 'l‘l,lmagingcnargymndows of 30% and 20% for the 70 keV and 167 keV

peiks, respectively, ave used, while the enersy window width for *™Tc is 20% for the

.-149keVpcak.BothlherestandsﬂmsSPECTswdwsmﬂallowedbyalow—doseCT (20—

30mAs, 140keV for the diagnostic CT, or 2.5 mA, 140keV for a caméra-mounted CT),
which is used for photon attermation corection of the scinfigraphic data, The CT-atienuation
correction sindy is performed only over the area of the heart, as defined by the operator. The

patient iz asked not to move during study pmgtassmmordm‘toobtmngoodco-reglsiratwn .

between the emission ad the transmission seans [139]

CT based aftenuation cormection lms been shown to prov:de the most mhahle and accurate :

high quality cardiac SPECT § images through high tesolution, high count-tate and Iow noise
attenuation maps resulting in predictable uniform toacer activity fn patients with a low
likelihood of haemndynammlly sippificant coronary artery disease. The CT based attenuation
correction method can be successfully nnplemen‘led with all clinical cardiac SPECT
protocols, mcludiug same-day o 2—days xest-stress, single and dual isotope rest-stress
procedures,

2152 Cantine SPECT/CEA for asseasing the siguifioance of coronary artery lesions

Stress/rest MPI is the establisbed imaging modality for non-invasive diagrosis of presence,
severity and extent of coromary arery discase (CAD), with high sensitivity and specificity.
MPT determines the physiologic significance of angiographically horderlive stenosis, and
defives the presence of viable bwt dysfunctional, hypoperfissed miyocardium, MPI canno,

-howvm,dmgmsamﬂydhmmclmsmdnhnmdamﬁmaﬂﬂmm&ntofmmnary

artery diseasc. mmmldumnmmwdemmmﬂcdmfmmﬁommw
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prior to coronary revascularization procedures. The recently developed mulii-detector CT
(MDCT) technology chavacterized by high spatial, contrast and temporal resolution enables

"non-invasive CT coronary angiography (CTCA) aund provides also accurate information

regaxding the structure and motion of the heert chambers. CT, however, does niot predict the
benefit of revascularization {140-142].

Cardias SPECT/CT is a novel hybrid imaging technique that combines detailed anatomical
information of coronary vessels (provided by CYCA) with physiologic information of
myacardial perfusion and function (provided by MPI), through accurate spatial alignment of
both data sets. This evolving modality has the potential to become the future imaging test of
choice for non-invasive assessment of CAD [140-142].

While co-registration of separately performed CT and MPI inay provide a very similar type of
data, thig process is difficult to itnplement beyond research puposss in dedicated centres, due
to its logistical limitations. Single devices combining SPECT/CTCA data are characterized by
ease of nse and simple logistic set-ups, and have the potential of making cardiac Iiybrid
imaging user-fiiendly and easy 1o plan, major factors in their future rontine clinical wse.
SPECT/CT can provide accurate non-invasive diagnosis of the culprit coronary lesion,

_ including ifs location and morphology, in conjunction with assessment of the physiologic

significance of this lesion on myocandial funetion. SPECT/CT images precisely localize
regions of impaited perfusion to the comesponding vascular tertitory. Cardiac SPECT/CTCA
may prove of significance in a series of potential indications, which will however need to be
proven by large, multi-centre studies. By allowing visualization of stenoses, the addition of
CTCA to MPI can potentially eliminate one of the major reasons for filse negafive MPI
respits in patients with advanced 3-vessel disease, showing a balanced reduction of bload

flow in all myocardial segments. On the other hand, by assessing the fimetional consequences

of stenosis through its stress/rest MPI conuponent, it may improve the performance of CTCA
in patients with dense coronary plagues, CTCA yesnlts ‘are ofien insufficient to. guide patisnt
management, A need for finctional information will atise in many patients demonstratmg
anatomic coronary abnormalities on CT.

T summary reliable attemution oonectmn of MPI-SPECT enhances mgmﬁcanﬂy the clinical
decision making process; decreases marbidity relajed fo invasive procedures and also saves
costs related to additional work-up induced by equivocal reports. High speed muléislice

‘coronary CT has a growing impact on assessment of patients with: kiown or snspected
coronary artéry disease. Combined data regarding myocardial perfiesion, calcium scoring and -

the presence or absence of coronary stenosis may, in fulire, chable beitex siratification of

patients with or without ischemic heart disease. Referral algorithms will have to define patient -

groups that will benefit from hylmd SPECT/CICA m:agmg of both myocardial perﬁmon and
the anatomy ofthe coronary L '

3.14. Added valnes of CT I patients with coronary artery disease

3L Coronary ariery calcium »

Calciam acoumulates in the coronary arferies as aresult of the body’s response fo confain and
stabilize inflamed coronary plaques. Calcified plagne assessment correlates with pathologic
assessment of the total amonnt of calcified plus noacalcified plaques [143]. The burden of
coronacy artery calcium (CAC) generally reflects an advanced stage of plaque development,

and CAC servés as an inditect but proportional marker for global atherosclerotic burden. The
CT based method of quantifying CAC was iuitially developed using electron-beam
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tomogeaphy (EBT), but multi-stice CT provides measurements of CAC comperable to those
dexived from EBT [144],

The CAC scots is derived using highly reproducible semiantomatic computer methods based
on the product of caleified plaque area by the coefficient of its density. The score is caleulated
as the product of the CAC area by the peak Homnsfield wmit (1 for 131-15% HU, 2 for 200~
299 HU, 3 for 300399 HU, and 4 for >400 HU). Visually, coronary calcification can be
. categorizéd into mild (minimal), moderate, 20d marked {(extensive) degrees of seventy

Accumplation of CAC is common in adults and increases with age. The presence of CAC i is
often associated with only insignificant (<50% minal namowing) corcnary stemosis. =
However, thete is a graded relationship between the extent of CAC and the annval risk of - -
coronary heart disease. Patients with extensive CAC are likely to have marked non-calcified
plagues that may be yupture-prone. Plaque erosions are mﬂequently caleified and associated
with acute coronary syndromes [145].

3.14.2. Coronaiy compated tomugraphy angiogyaphy

Coronay compuiicd tomography angiography (CTA) visnalizes not only the coronary vessel
lumen but also the wall, allowing the mon-invasive assessment of flie presence and,
potentially, the size of nomcaleified coronary plaque. Furthermore, the assessment of
ventricular fimcton is possible from a single first-pass acqnisition of the chiest CT data, which
may be of value in the emeigency depariment selting, along with the potential o provide
assessment of pulmonary embolism, acute coronary syndrome,- and aoruc d.lssechon ina
single study.

The relative roles of myocardial perfusion SI’ECI‘ and CTA have not yet been defined. In

' patients with intermediate -likelihpod of CAD, coromary CTA may be the initial test to
pexform, attending to ‘the apparently supesior sensitivity over SPECT imaging, When a
covoniry CTA is entirely nmma],noﬁutlm&ehngwouldberaquneihcaseofpromal

and cxitical caronary stenoses, invasive coronary angiography would be indicated for pogsible
revasculacization therapy, When CTA detects coronary lesions of uncertain significance,
SPECT imaging would be appropriate for further dmgmsuc assessment. '

In patients with lmuwn d!sease (or likely having axtmswe mmnaty calcmm) in whom nsk— k
sttahﬁcuuonlsneeded,SPECTxmagmgwmﬂdmamﬂmnmnaltesL -

If SPECT imaging has been performed as the initial test, fiiher testing by CTA would be
mmmdwhaneverdmrdmnmﬂ:Mamobimnﬁanhﬂespauemsmmas&ong
clinical suggestion of CAD after a normal or equivecal SPECT; patienis with marked
discordance between SPECT and clinical or stress ECG; or patfents with SPECT and stress
BCG results snggestive of left main or teiple-vessel CAD (e.g. rmgient ischacmic dilation,
post-stress LV dysfumuon, exercise hypotension with normal SPECT), with balanced
reduction of coronary flow in the LV, Coronaty CTA cm also be of use in patients with
suspechad nomschaemw wrdwmyopaﬂny, patients with coronary anomalles, and young
Since rest/stress SPECT studies can be pmﬁmned as routine in cénjlmclinn with coronary
CTA, SPECT/CT systems provide dafa about coronary calchwn, covomary stenosis and
fimctional significance in one clinical setting, thns allowing more appropriate selection of
patients who may beocfit from revascolarization procedures [146]. A xecent study with an
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" experimental SPECT/CT scanner (16-MSCT) showex that infegraied fanctional and anatomic

results improved specificily and positive predictive value to detect haemodynamically
significant CAD in patients with angina pectois [141]. The sensitivity, specificity, positive
predictive value, and fiegative predictive value of CTA were 96%, 63%, 31%; and 99%,
respectively, as compared with 96%, 95%, 77%, and 99%, respectively, for SPECT/CT.
Patienfs and arterisl segments excluded from the analysis raised to 21% and 23%,
respectively. Another investigation described the incremental disgnostic value of integrating
SPECT/CT (64-MSCT) data through three-dimensional (3-D) image fusion on the functional

. relevance of coronary artery lesions [140], 3-D volume-vendered fused SPECT/CT images
- wexe generated from patients with at least one pexfusion defect on SPECT imaging, and

compared with the findings from the side by side analysis with regard to coronary lesion

_intetpretation by assigning the perfision defects to their comresponding coronary lesion. In

addition fo being infuitively convincing, 3-D SPECT/CT fusion images added significant
information en pathophysialogical lesion severity in 22% of coronary stenoses of 29% of
patients. Among equivocal lesions on side by side analysis, the fased Intetpretation confismed
haemodynamic significance iin 35% of lesions and excluded functional relevance in 25% of
lesions. In 7.5% of lesions, assigament of perfusion defect and coronary lesion appeared to be
relinble on side by side apalysis but proved to be inaccurate on, fused Interpretation. Added
diagrostic information by SPECT/CT was more cammonly found in patients with stenoses of
small vessels and mvolvement of diagonal branches.

‘3.5, Pulmonary artery imaging in pnhmmnry embolism

Pulmonary embolism (PE) is one of the greatest diagnostic challenges in emergency
medicine. ¥ should be suspected in Ay patient with mm:plamed dyspnea, tachypnea, or chest
pain. A negative D-dimer assay reliably excludes PE in low-risk pafienis, Otherwise,
pulmonary CT angiogeaphy is now considered by several anthors o be the initial imaging
study of choice for stable patients. Nevertheless, ventilation/perfiision (V/Q) scans or even

" pecfusion scintigraphy alone (as in the PISA-PED approach [147-152]) still retain a

considexahle dingnostic accunacy and are valid alismatives to pulmonary CT angmgraphy,
particnlar when CT is not available, or in pahen!s with com:amdmailons to CT scanning or
infravenons conftast,

The results of the Prospective hvmhgauon of Pulmonary Embohsm Diagnosis (PIOPED)
study established fhe diagnostic criteria of V/Q scanning for the diagnosis of PE, as compared
with pulmonary angiography [153) The interprefation ranges from nommal to high
probability, each with ifs own diagnostic characteristics. However, more than 60% of patients
fell into the low and infermediate probability (or non-diagnostic category), and theve was a
4% incidence of PE when the scan was read as nommal, Similay n'oub]mg, high probability
scans weve associated with a 12% false posifive tate [153}. Therefore, it is recommended to
consider patients with low-fo-modexate pretest probabifity and a noomal V/Q scan as not
having a sigpificant PE, Nevertheless, if the same patients have a non-diagnestic V/Q scan,

the remnmmi‘ldaﬁon i5 that, in order to exclude significant PE without going to pulmonary, |

angiogram, the patient must bave a negalive whole blood D-dimer, negative bilateral
ulirasonnd in Jow probability group, or negative sexial bilateral ultrasound for the moderate
probability group. In patients with hiph pretest probabilily a nermal V/Q scan can ouly rule
out PR if the patient has a normal chést X ray and no baseline cardiopulmonary disease.
Oihexwise, the patient mnst go on to CT angiography.

‘Bocause of the high number of indeterminate studies using V/Q scanning [153], pulmenary

Crangioglaphy (PCTA) is becoming the injital diagnostic iest for PE for stable patients with
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no mgns and syrmptoms of deep venous thrombosis. PCTA with 100 ml of jodinated contrast 4

medium and dedicated imaging procedures and protocols can directly visualize

thrombeembolic filling defects as well as plemal effusions, vascular remodelling, and-

oligoemia, any of which may be present with PE [154]. In addition, PCTA may reveal
alternative diagnoses, such as pneumonia, aortic dissection, tumour or pneumothorax that in
the absence of PE may yield a previously unsuspected reason for symptoms mmnckmg PE
[155). Cuorrent nwlti-slice CT .scanwers can image the eafire pulmenary vasculature in oue
breath-hold, 2llowiag 1 mm io sub-tnillimeter resolution, and the data can be transformed into

2-D and 3-D reconstiucted images. Such procedure can sigpificantly increass the detection of '

‘clinically significant’ subsegmental thrombi and evaluate pulmonary vasculatmra down to 6P
order branches [156-158]. .

T he PIOGPED It study [159] recently reported the high accuracy of multi-slice CT scameys for
the diagnosis of PE, with 83% sensitivity, 96% specificity, 95%, 89% and 60% negative
predictive values, as. well as 96%, 92% and 53% positive predictive values, tespectively for
high, iniermediate, and low clinical pmbablhty groups, These data suppost the use of PCTA
for suspected PE as a stand-alone imaging technique in most patients, However, the false
negative rate of 17% should be noted. The most likely explanation for this is that multi-slice

CT scanners (mainly 4 slice) stilf miss small, peripheral subsegmental clots that are beter
- detected by V/P scanning or by classic pulmonary angiography. Therefore, clinicians should
. be cantious with results that are discordant with their clinical judgment, particnlarly in ﬁont of
 anormal PCTA in a patient with  high clinical probability of PE [160].

Whﬂe the c.lxmcal mgmﬁcance and t:eatment requirements of small, peripheral subsegmental
thrombi are controversial [161], image fusion 6f SPECT V/Q and PCTA has demonsixated to
be feagible. A recent investigation in 30 comsecutive pationts who underwent both imaging
studies during their admission for lavestigation of potentisl PE reported good accuracy of co-
registered images as determined subjectively by correlation of the anatomical bowndaries and
co-existent pleuro-parenchymal abnormalities [160], Nioe patients who had positive PCTA
performed as an initial investigation had co-localized perfusion defects on the subsequent
fused PCTA/SPECT images. Three of the ‘11 V/Q scans initially repoited as intermediate
probability could be reinterpreted as low probability owing to co-localization of defects with

parenchymal or plemral pathology [162]. Thexefore, the introduction of SPECT/CT hybrid
systenes will probably provide a smnle dlagnoshc tool that will overcome limitations of each

mmgmg modality separately.

4. ADVANTAGES OF UTILIZING SPECT/CT
4.1, Auatomical accnracy of image regisivation in SPECT/CT hybrid imaging

hnagemgushahoulsdeﬁmdasﬂ:eumsfa:oftwommgedammmonecomon
coordinate system. It may be mono or bimodal, ie. between images acquired by one single
modality or by two different modafities. Depending on the nature of the transformations nsed,
rigid or non-rigid approaches can be used for this puxpose, the former allowing for non-Jinear,
‘plastic’ deformation of the image dafa sets, Aﬁnﬂmrdlstmcuoncanbemadebctwem
soﬁwmebasedmgtshnnonofdataseismqmedmdepmdmﬂyme&omwchmhetbytwo

different imaging devices and bardware based repistration where the two data sets are

ommedbyhybndeqmpnBItmasmglelmmngm
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In the past decade, the clinical impact of interactive software based registration between
SPECT auad CT data has received same atieniion in the literature {163, 164]. In pasticulas, it
has been repeatedly demonsteated that patient management may benefit significantly from the
mtegratlon of fimetional and marphological data

One major drawback of software based image fusion is logistic in nature: in the datly clinical

routine of many institutions, image data sets from diffevent modalities can be exchanged
between different departments only with some difficulty. Alihough the implementation of
hospital-embracing picture-archiving gystems should overcome these difficulties, sofiware
based mglsttauon suffers from amatomical inaccuracies stemming from different positioning

* of the patient in the two separate imaging devices as well as by difficulties in identifying

landmarks common to both data seis to be vegistered. In addition, the more specific
radiopharmacentical is for a certain tissue, the poorer images of its disiribution are with regard

to anafomical detail, and the more difficult software based registration becomes,

These limitations are greatly reduced in hardware based registration that should therefore
offer a higher anatomical accutacy of image fusion, as it obvmusly emerges when reviewing
articles vestigating the quality of ahgnment between [P*FIFDG-PET and CT. In these
studies, anatomical accuracy of fusion is nsnally quaniified by determining the average

distance between landmarks or lesions identifiable. on-both images. This distance ranges

between 4 and 12 mm for software based fusion of PET and CT images [165-169], but is

tedueed 3-5 mm for PET/CT hybrid scanning [168, 169], thus confirming the assumptmn ofa

higher enatomical accwacy for hylmd imaging.

- Nevarﬂleless, siinilar dam for registation between SPECT and CT mmoes ate scarce. Fétster

et al. studied the accoracy of software based fusion between ' Uy cetreotide SPECT and
multi-row CT in a small group of patients [44]. They reported anatomical inacouracies in the
range of 7 mm, similar to those detevmined for fusion between PET and CT. Nomayr et al.

reparied a much higher aceuraey of image fivsion for SPECT/CT hybrid imaging of the lower

- lumbsr spine [170]. Ja their sindy, misalignmient tanged between 0.7-1.8 mmi, smaller than

pixel width in the SPECT images. Noiably, sofiware based registeation performed on the data
sets acquired by SPECT/CT could still significanfly improve these results and bring
mmhgnment dowm to values averaging | mm. However, their results cannot be extrapolated
to regions of the human bady firvvolved in respivatory movements affecﬁna SPECT and CT
lmages to a different degree.

The development of hybrid imaging devices witnessed in the last decade madks a new trend in
medical imaging involving the registvation mnd fitsion of 2ll image data sets of one individual
patient using the seme compuisy platfoom. Cuirrent available data has alveady proven a major
clinical impact of this appwoach, which is also expected to increase cost effectiveness. The
field will be driven by the development of new hybrid imaging devncm:, but also by significant
improvements of software based image fission. Fatmee medical imaging departments will offer
a multhrodal envirenment integrating both hybnd magmg and software based image fusion
into the daily clinical routine.

42, The effects of CT based atiennagion corvection of SPECT image data sefs and
potential futuve applications

Astennation artefacis considerably degrade the quality of SPECT images, and also hamper
accucate quantification of tracer accumulation in specific volumes of inferest. Vations
methods of attenmation correction have been proposed [171, 172, to be fuzther subdivided
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into those with and those withont transmission measuremesds. The latter caleulate tissue
attenuation coefficients on the basis of an assumption of theix distribution in the body segment
examived, using various methods to determine the body outline. This approach is widely used
in studies of brain perfusion, since it is generally assumed that attenvation is homogeneous

. within the skull.

" This assumption does not hold valtd for the abdomen o the chest, since these body segments
. contain tismes with variable atteanation coefficients, Radionuclide fransmission scanning has

been used to derive maps of abdominal and thoracic attenuation coefficients, However, it has
been repeatedly shown that this approach can infaduce arlefacts that may be difficult to

identify [173]. Another major problem isherent to this approach is the low activity of the

radioactive sources used for this prapose, leading either to long acquisition times or fo
attenuahon maps with poor quality due to low counting statlsttcs

This problem ig overcome by employing CT data to comect SPECT data for tissue
attenmation. A study investigating the visnalization of radicactivity in & heart phanfom hag
indeed shown that this vasiable is homogenized by CT based attenuation correction [174].
Recently, Fricke et al. have demonstrated that the concordance between PET and SPECT
studies of myocardial pexfiusion was improved after using CT based aftenuation corsection for
the SPECT data [175]. Similar results have been reparted for skeletal SPECT [176]

Nevertheless, the clinical impact of CT based attenvation comection for SPECT i imaging is
cumently unclear. In a multi-centre trial, Masood et al. demonstrated a moderate, but
statisticaBly significant increase in the accuracy of diagnosis of coronary arery disease for

‘myocardial perfision SPECT [174]. Shiraishi et al reported a significanfly higher aconracy
~ for attenuation-camrected *"T1-SPECT in staging lung cancer compared to the non-atfenuation
studies [177]. Likewise, improved identification ofsentmel Iymph nodes has been shown with -

the nsa of attenuation correction [60].

When using CT based aftermation oorrectlonﬁn SPECT daia, one should be aware of possxble
aciefacts camsed by mlsallgnment between SPECT and CT data sets (see above). Figure 15

" demonsttates snch an axtefact in 2 phaotom simnlation. In myocardial perfusion SPECT, a -

7nnnmjsahgnmentbetvmenemmonandhansmlss:madam, corresponding to the width of

one pixel in that stndy, was shown to produce a 15% change in relative regional activity

[178). Similar data have been published fir CT based atiemurition correction in myocardial
SPECT [179] and a method for automated control fin: misalignment between CT and SPECT

_has been proposed [180]. In skeletal SPECT, misalignment of the CT by 1em was shown to
change even the visuslization of symmetry of uptake [176]. Therefore, the anatomical

accuracy of fusion should be carefully checked before applying CT based affermation

Attenuation ‘comection of SPECT data coustitntes an mporimtt step in the development of
truly - guantitative SPECT, which may bnprove dosimeiric estimstes of molecular
radintherapy. More sophisticated phantom studies are needed to better understand variability

related to different photon energies. However, for accurate SPECT, quantiiation issues related

10 scatter and parfial volume artefacis need to be overcoms. In patticular, the correction of the
Iatter could also capitalize on the nse of CT images aligned o SPECT. The:efore the new
hybrid systewos will stboaulaiz research work also along that avenne.
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FIG. I5. Transversal SPECT imuges of two rods in a phandom filled with ™ T¢ (a) without (NAC) and

- (B) with attenuation éorrection (AC): aflenuation correction hamogenizes the visualization of dctivity

in the homogenzously filled rods; (¢) a CT misalignment by 1 em in X-direction (4CX} praduces o
significant artefact in the visualization of activity. The curves are profiles from left to vight for the rod
Jilled with the lower activity concentration in NAC, AC, and ACX (from TRL3L; with permission).

43. Addifional information or diagnosis from CT

With continnons higher-speed aod thinner sticed CT, small lung lesions (less than 1 cm in

diameter) showing inferval increase in size may often be detected. Small non-specific lymph
nodes, low-density hepatic or renal lesion, and esicolytic ox osteablastic lesion with interyal
increase in size are also incidentally identified. These lesions are generally beyond the
resolution of our cuerent SPECT or PET sysfem and roay requive farther short term follow-up
studies o confim/exclude the diagnosis of new metastases. :

44. Use of SPECT/CT data for estimating intemal radiation dosinsetry
As will be betfer defailed in the next section, the radiation dose is energy absorbed per mit of

mass, Accurate dostmeidc esiimates are exiremely crifical in radiometabolic therapy, both for -

calenlating radiation dose to the target organftissie (generally tumour, but alse non-fumon:
lesions such as hypefimctioning thyroid parenchyma) and for defining dose-limiting
toxicities to normal organsitissues with high physiclogic accmnnlation of radivactivity (e.g.
bone marrow, kidoeys), 1t is well known that intexnal dosimetry estimates ave burdened by 4
significant degree of estimation regarding ahsoluie concentreation of radioactivity in a given
organftissue, and yepresent thevefore only rough approximations with variabilities that can be
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as high as 50% or even 100%. Part of this variability is due to the fact that bio-distribution
data are usually derived from planax imaging (such as conjugated-view whole body scans),
and a-priori models and assmuptions on the organ shapesfsizes ave employed for the
radicdosimetric analysis. Also stand-alone SPECT entails some nawarcanted essumptions,
since standaxd factors are usually applied for atteonation correction. In this regard, SPECT/CT
cestainly holds the ptOImSE, for. developing more accnrate approaches to internal radiation
dommetry estimates, since the CT' component of the study enables correct attenuanon of the
emission map specxﬁcally in each smgle patient. .

Few tepotts have been published on tlus important application of SPECT/CT. Boucek and
Turner employed SPECT/CT daia to estimate bone marow dosimetry following the
adminisiration of 1 labelled anti-CD20-monoclonal antibody (ritiximab) in patients with
non-Hodgkin’s lymphoma. These patients are nsually heavily prefreated with chemotherapy,
and myelosuppiession is the dose-limiting toxicity. The anthors demonstrated a statistically
significant correlation (p = 0.001) between whole body effective balf-life of the tadiclabelled
antibody and effective marcow halflife; They also found that bone marow activity
concentration was proportional to admivistered activity per unit weight, height or body
surface area (p < 0.001). In their experience, SPECT/CT enabled sccwrate quantification of
activity accumulations and thns validated patlent-sileclﬁc prospective dosimetric estunates
methods [181].

SPECT/CT has also been advomted for the quantification of radiation doses delivered during
radiométabolic therapy with ""EMIBG, using CT based fmour volume-of-interest [23].
Although based on a single pahenf, Song et al. have demonstrated that patient-specific 3-D
dosimetry based on SPECT/CT is feagible and imporiant in fhe dosimetry of thyxold cancer
paﬁem with radiciodine-avid lung meiastases and prolonged retention in the Iungs. In their
opinion, this procedure conld constitute the breakthrongh for ratlonally planning sadionuclide
therapy in p@mts with thyroid cancer [1 82]

A preliminary teport ﬁmn the Pisa group dwmbed a ovel SPECT/CT based appmach to
calculate atlenmation- and scatter-comected dosimetry fo the bone marrow and o tumour
lesions following the administration of "“Sm-EDTMP for pelliation of bone pain in patients
with hormone-refractory metastatic prostate cancer [183]. The system was phantom-calibrated
for tissixe densities, and the CT images were wiilized to identify bone stmctures. Dedicated
sofiware was developed for amtomatic edge recognition of skeletal uptake, which was
cotrected for atbenuation and scatter. An S-value matvix was then derived fron the affennation
map voxel-by-voxel fox each individual patient (rather than pixel-by-pixel as in conventional
evaluations) (Fig. 16). Tt was found that thie conventional approach based on planar imaging
and standard-factor corrections overestimated dose o bone mawwow by an average 67% versus

. the SPECT/CT method, The new SPECT/CT based method therefore opens the pexspective of

calculating radiation dose to the bone mamow and to skeletal lesions (or other sifes), and.

: thmeforemwﬂelahedosmcﬁymmsmﬂleﬂicacyofmmﬁpy(bompaﬂmﬁon or frue

anti-tumour eﬁ’ect [184})
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FIG. 16. Sequential stepg in the claboration of the SPECT/CT images obtained affer cuimmtsh‘aumz of
1515m-EDTMP given for bone pain palliation purposes in a patient with hormone-refractory prostate
.cancer. (4) Ouiline of skeletal wptake of the boneseeking radiophamacentical as derived from an

automatic edge-recognition sofiware applied on ithe planar 24 h whole body scan (lef? panel). The
right panel shows the CT densiey-reconsiructed map acguired af the pelvis. (B) Reconstrwted SPECT
map (left panel) and tomography of the 3-D dosimetry map in Gy (ngfnt panel).

" 45, Radiation doso of CT from SPECY/CT-
The radiation absosbed dose delivered o the patient from the use of CT in SPECT/CT siudy is

difficalt to measure becaise of many £ictors involved, but the CT Dose Index (CTDI) based
on scan parameters cam be calculated, and represents an index of radiation dose to a standard
phantom, The CT scannexs generally provide an X 1ay fube cuent modulation fimetion that

" makes uniform image quality and dose for various patient sizes [185]. The system will
- automatically increase or decrease the be courent (mA) when the user selects a reference
* effective mA in response to changes in diameter ox tissne density of the patient. The effective

mA includes the tube cirrent, rotation speed, and pitch wsed fox the scan. The user-sclected
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scan parameters that affect patient dose in CT examinations ave effective m4, kVp, detector
collimation setting (affecting the width of the radiation beam in table-travel direction), beam-
shaping filter associated with the scan type (body or head), and mmmber of scang over the
same section of the body. I the dose distribution from: the centre to the edge of the phantom

a5 well ag the pitch used in the scan is taken into account, a texm called CTDIvol can be nsed -

to tepresent the dose index to the volume of the phantom. The mdiation dose is encrgy
absorbed per unit mass. The CTDIvol associated with a gingle CT scan covering one SPECT
bed position is the smue as the CTDivel for a CT stan covering two non-overlapped SPECT

bed positions if the same CT scan parameters ave used. However, there is a factor of two
“wariation in the radiation risk to the patient between thege two cases. The CTDIvol in milli-

Gray (mGy) is multiplied by the length of the CT scan in em, to yi¢ld the dose-length product

(DLP). Once the DLP is determmed, an effective dose can he estimated using conversion

factors for the relative radiasensitivity of the organs within the range of the scan. Some CT
scanners save the CDTIvol and DLE values for a specific patient scan at the end of the
examination. If there are pltiple CT scans of the same region of the patient, each scan adds
to the radiation dose and risk:

The effective dose and CTDIvol values from typical CT scaus to the chest and shdomen have
been calculuted [186], and they are 4 mSv and 8 mGy, respectively. The value fo the head and

neck are 4 mSv and 10-20 mGy, respectively, These doses are for one SPECT bed position, .

yélating to a 39 em CT scan length, acquired ising a fized technique at the reference mA.

Doses can be scaled lineadly with the actual scan effective mA for the patient study. In case of

a CT for a two-bed SPECT/CT, the appropriate effective dose values are added together. A

' plaining CT view is obtained prior to defermining the scan extent and location with low

(about 20) mA for the postexo-antenor projection and with the beam direction such that the
beam enters the table prior to passing through the patient. These measures ensure an adequate

- planning view with the lowest dose to ﬂlepahent whxchlsabmxtthesmneflsforasmgle view .

ofthechestXray

5. FURTHER DFVELOPMENT OF SPECT/CT WITH NI‘W
RADIOPHARMACEUTICALS

Thexe is a continuous inferest to label hiologically important dmgs or agents with easﬂy "
- available and cheaper isotopes thim PET tracers, such as-™"To Iabelled tracers (Table 1) for

SPECT/CY to diagnose, differentiate, and stage cancers and also to evalmate as well as to
predict thevapeutic TOSPONSCS. Iglrethylmedlcysiem, the most successfirl example of NoS,
chelates, can be Iabelled with “™Tc with high radiochesmical putity, and the preparation
remains stable for several howns [187]. Reliable meolecular imaging that: assesses cellular
targets at low cast, treatment response more rapidly, provides a good differential diagnosis,

predicts convectly thexapeutic response and allows for better radiation dosimetry for intemal

radiotherapy, wonld be very valuable

6. CT TRAINING IMAGING F OR NUCLEAR PHYSICIANS AND
: - TECHNOLOGISTS

The Socicties of Nuclear Medicine, Computed Body Tomography and Maguetic Rﬁsnmnoe,
andﬂ:eAmmmnCollegeofMologyhavemmﬂ ag:eedthatonlypmperlyuamd
qualified physicians should interpret PET/CT images [189]. The issue of training muclear

physicians to interpret the CT images produced by SPECT/CT devices is similar to that for

k!
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PET/CT. In this regard, eaming 100 hours of CT continuing medical education credits and

" interpreting 500 CT cases under the supervision of qualified diagnestic radiologists were

recommended. The CT cases should incfude reasonable mmbers of head and neck, chest,
abdomen and pelvis examinations. According to these recommendations, both radiplogy and
nuclear medicine residents ave required to interpret SPECT/CT images.

TABLE 1. SPECIFIC RADIOTRACERS [1R7, 188]

Chaacter of cancer cells - Compounds
® -
*Te-deoxyglucose
Cellular growth 5 Fe-guanine
Hypoxia _ PaTo-metronidazole
- :  inTe-endostatin
Angiogenesis #=To-bevacizmab (against VEGF
receptor)
Apoptosis : o *0Te-annexin-V
. Hormomes =~ ' ¥™Tc-estradiol

SPECT/CT and PET/CT present therefore similar prachcal issues regarding aducatmn,.

training and certification of nuclear medicine technologists to become properly qualified and
competent to perform the CT poition of the study. The American Registry of Radiologic
Technologists has adapted its CT cextificafion examination and has allowed cerfified or
registered nuclear medicine techaologists who have met the required prareqmsues to take thig
examination,

Nevertheless, the choice of the optimal way to achieve adequate training for interpréting
- multimodalily imaging exsminations will differ between coundries owing to differences in
infiastrctore and legistation. The Buropean Association of Nuclear Medicine (EANM) and

the Exvopean Society of Radiology (ESR) have agreed fo work together to produce a common
position’ paper reganding multimodality fmaging systems [190, 191]. Both otganizations
recognize the importance of coordiating working practices for multimodality imaging and
that wdertaking the muclear medicine and radiclogy components of imaging with hybrid

systems requires different skills. Training should be propeily stmeured and comprehensive -
- and should be conducted in accredited trainihg cenires. 1t shonld incorporate the principles

and all modatities of both specialties to allow the: trafnee to acquire a full undesstanding of the
possibilities and difficulties of each technique and ifs medical backgeound, and provide the
basis for participating mﬂieevoluﬁm of muliimodality imoging, Refresher fype courses can
prepare for specific training or refiesh knowledge, but cannot replace appropriate on site
training, It is not acceptable for training fo be focused on a single technique,

Threedlﬂ‘emumnmgmndelshavebeenpmposed [190}:

. Cnmpmlmswe training in both specialties, clinical xadiology and nuclear medwme, in

~ those counfries whexe it is possible for fhe individual fo practice both specialties and

where such dual specialty training can be obtained. Such training gives the trainee the

possibilityoflﬂumatelypmcucmgmomoxboﬂlofmespemalhes and of billing

- approprately. The dursfion of the entive teaining programme in both specialties wounld

most likely be neither polmmlly nor ecomomically acceptable in many Fanopean
coumtries.
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e  Anadequate period of training in the offier specialty in addition to full training in the
primary specialty. This model would facilitate acqmsxﬁon by nuclear medicine
gpecialists or radlologlstfs of the necessary training in the other specialty afier having
completed full training in their primarily clmsen specialty. Such adjusted additional
training programme should be defined to provide a broad foundation of knowledge in

the second gpecialty and should not be confined to a single technigue such as CT or . .

SPECT or a single clinical application. For mclesr medicine specialists, besides
_relevant eadioprotection issues, training will include the physical principles and practical
clinical skills of CT imaging. For radiologists, besides relevant radioprotection issues,
ivaining will include konowledge of radiopharmacy und radiotracer biokinetics and the
physical principles and practical skills of SPECT. Timining needs not {o include
therapeutic interventiona! radiclogy or sadionuclide therapy. The core of the additional

training wounld be dedicated to hybrid imaging, For radiologists, part of the nuclear

medicine component should be undertaken during the fourth and fitih year of fraining.
Maintenance of radiology skills during this time would be mandatory. For nuclear
medicine specialists, part of the radiology componeiit shonld be undestaken during the
fourth and fifth years of training, Maintenance of nuclear medicine skills duwing this
time wounld be mandatory. The remsining part of the training would then be obtained
with an additional year fully dedicated to the second specialty, giving a tofal of 6 years’®
training for both specialties. The exact dumation of the fraining is subject to local
regulations, which may vary from. couniry to comtry. Nonetheless, the general time
scale as outlined in this option should be considered as'the model. Such additional
training will lead to a special compatency certification.

»  Potential ftnre integration of training: an incorporated training #n nuclear medicine and

1adiology taking the form of a cross-over or infegrated fraining programme, where both

specizlties agree and tecognize a training crriculum which encompasses the principles

of all imaging modalities of both specialties. The curdeula of both specialiies would be
adapfed fo inclyde knowledge of anatomy, cell biology, génetics and physiology as well:

- asthe nom:al requuements of the physical basis of all imagmg modalities and patnent
Each comtry should establish a training. schedule that ensures fhe accomphshmmt of
appropaiate education, in both specialties, bearing in mind hat this camtot be achieved by

meiely peﬁbrmmg a cextain number of studies with one or the other technique, Only thomugh 4

fraining will give the necessary insight into anatomicst and fimctional aspecis of the various

madalities, their interpretation with respeet to patient-failored treatment and tisk assessment,

andﬁnaﬂyﬂleﬁnﬂmdevdopmentandmﬁnmnmiofmulmmdahtymgmg.

. Dhwiing the interim period while tha;e teaining models are set up, the muclear medicine

specialist would manage and repoxt the nuclear medicine component of the examination and
the radiologist would manage and report the anatomical and pathological component, with
consultation between the two specialists to combine the data. info a final diagnesis. Each
specialist wonld provide a report with regand to the part of the sindy that be/ihe is divectly
responsible for. The benefit of this strategy is that those fully teained in the specific madalities
wouldmiﬁpretﬂ:elmagmjomﬂy,thnsmmdmgamgh-quamymm At a practical level

‘this concepi reqitires carcful organization, cmpemhm and discussion between nuclear

medicine and clinical mdiology specialisis.
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7. REFERRAY, CRITERIA FOR SPECT/CT

Local logistics and availahility of different medical specialties dictate how diagnostic’
-algorithms ave applied in the clinical youtine when patieats are referred for diagnosis and/or

chazacterization of their disease, and in particular io SPECT/CT. These examinations should
be peformed with the purpose of, whenever possible, avoiding the use of invasive

" progedures, when smpery is contemiplated as part of freatment, or prior to adopting mini-

invasive approaches. Clealy, a combined imaging technique such as SPECT/CT provides all
the morpho-functional information crabling the surgeon to plan the sucgical approach most
suited to the individual patient. Referring ciinicians have learned to regard radiomuclide
stadies as useful tests that may confirm a suspected clinical diagnosis and characterize disease
processes with information that can be refevant to treatment of the disease. This review has
been designed to provide a summeary of a methodological radionuclide based approach,
SPECT/CT, a still evolving procedwre with the final goal of enhancing diagnostic information
and puiding therapy, ¥ includes the methodology, analysis and estimation of usefulness of
these examinations with an emphasis on more recently published data. Based on this review
and on the experience accummlated by each centre represented in this panel of experts, referral
criteria for a SPECT/CT exammatton can brefly be sutnmarized in the indications that

. follow

' Indication to pe::t‘ozm a SP_ECTICT examination can be raised on primatily clinical ground.
Such indications include: :

. High SUSpicion for active disease, or known structural pathology, as SPECT/CT may

localizs nultiple sites and define extent of disease;
» Planning treatment (medical, surgical, or radiation therapy);

« Monitoring response to treatment.

-In some other cases, indication can also originate- onthebasns ofdataﬂnmprawous anatomic

nmagmg, including simations such as:

» Almamml stuctimal findings of equivocal functional significance, either at diagnosxs
urpost-treatnmt;

o Absenee of overt structimal pathology in the presence of high clinical suspicion. -
It is sometimes necessaty to clarify inconchsive results of prior finctional imaging (usually

planar scintigrapby), showing foci of increased radiotracer uptake of wiclear localization and
clinical significance. Inconclusive scintipraphic studies can be due o facer-related factors

* (because of poor physical chavacteristics, high target-specificity with pancify of non-target

anatomic landmavks, physiologic bio-distibution with the lesion close to excretion sifes).
Alternatively, inconchisive sadionnclide imaging can be dus to patient/disease-related factors,
sich as complex regional zuatomy or anatorde distosiien post-freatment (smgmal and/or
radiation therapy).

Finally, empbazﬁsslmuldbeplanedontbeuseofﬂie(frwmponmtofa SPECT/CT
examination for comrecting, on 2 patient-specific basis, the single photon emission data for
attennation and scatter, This is crucial for proper estiviation of radicactivity concentration in
specific organs/tissues on a volumetric basis.
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8. CONCLUDING REMARKS .
In summary, a high quality SPECT/CT stady requires a reliable, well fanctioning hybrid
scanner which has met accepfance iesting criteria and which is reguladly monitored for quality
of performanee. The study must be designed to answer the specific question asked by the
referring physician, and the patient must be appropriately educated and compliant with the
prepazations for the scan, ncluding fsting if so indicated. The technical staff must be well
trained fo perform and monitor hoth components of the study according to a well defined
protocol. The acquisition and processing protacols must he carefully followed. The images
must be reviewed for technical and diagpostic quality before the patient leaves the

depariment, Finally, the tmages mnst be interpreted by skilled readers who are well aware of

the clinical history of the patient, using workstations that allow integrated viewing of the
fimctional and anatomic data. In this way, a high quatity study will provide useful diagnostic
information for further clinical management and patient care. As the quahty of SPECT/CT
devices improves, it is expected that new applications will emerge.

- The impact on reader conﬁdmce and increased credibility with referring clinicians is an
- important add-on feature for SPECT/CT. The concept of incremental confidence is difficutt to .

quantify. It is clear that evalnating the impact of combined SPECT/CT rémains a subjective

process, While nuclear medicine physicians intexpret a study, refersing clinicians often remain o
in doubt becanse of the difficulties vmnallzmg the location of the finding on scintigraphy

alone, Coirelation with CT data ﬂn'ough precise image registration makes the interprefation of
high signal-to-backpround fimctional images, combined with better anatomic information,
less dependant wpon individual expertise. Thus, SPECT/CT results in more meamngful
communication with referring physicians, as the hybrid imsging study interprétation is more

ctedible to the clinician who is able to sce the location of the fimctional, tracer-avid fociss.
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Hartford Hospital CEO Advisory Body 2009-present

Medical License - State of Massachusetts 2011

Fellowship in the American College of Radiology: FACR 2009

American Board of Radiology 1985
Medical License — State of Connecticut 1983
: National Board of Medical Examiners 1982

Hartford Hospital, Senior Attending Staff — Hartford, Connecticut
Connecticut Children’s Medical Center, Attending Staff — Hartford, Connecticut

University of Connecticut Health Center, Assistant Clinical Professor — Farmington,
Connecticut

Johnson Memorial Hospital, Attending Staff — Stafford Springs, Connecticut
Windham Hospital, Attending Staff — Willimantic, Connecticut
Day Kimball Hospital, Attending Staff — Putnam, Connecticut

Noble Hospital, Attending Staff — Westfield, Massachusetts

2
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Current Memberships

Publications

Society of Chairman of Academic Radiology Departments

. American College of Radiology

American Society of Emergency Radiology — Fellow
Radiologic Society of North America

American Roentgen Ray Society

Connecticut State Radiology Society

Society of Breast Imaging — Fellow

American College of Physician Executives

ZITER FMH, MARKOWITZ SK, ZAMSTEIN J. LARGE RENAL
PeLvic DEFECTS CAUSED BY SOUGHED PAPILLA. APPLIED
RADIOLOGY, Nov. 1987.

PisToIA F AND MARKOWITZ S. SPLENIC
LYMPHANGIOMATOSIS: CT DiAGNosIs. AJR 150: 121-22,
JANUARY 1988.

MARKOWITZ S AND ZITER F. THE LATERAL CHEST FILM AND
PNEUMOPERITONEUM. ANNALS OF EMERGENCY MEDICINE
15:4 APRIL 1986.

JAcoBs J AND MARKOWITZ S. CT DIAGNOSIS OF UTERINE
LiroMA. AJR 150:1335-1336, JUNE 1988.

WOLF S AND MARKOWITZ S. SPONTANEOUS GAS
FORMATION IN A STERILE RENAL CELL CARCINOMA.
UROLOGIC RADIOLOGY 9:222-224, 1988.

PisToIA F, MARKOWITZ S, SUSSMAN S. CONTRAST
MATERIAL IN POSTERIOR VAGINAL FORNIX MIMICKING
BLADDER RUPTURE: CT FEATURES. JCAT 13(1):153-155
JAN/FEB 1989. ‘

MILICI L AND MARKOWITZ S. INTRAMURAL GASTRIC
PseubocysT: CT DIAGNOSIS. GASTROINTESTINAL
RaADIOLOGY, VOL 14:113-114, 1989.

TREEM WR, MARKOWITZ SK, SULLIVAN BM, Hyams JS.
DEFECOGRAPHY IN CHILDREN WITH PROLONGED
CONSTIPATION. ABSTRACT SUBMITTED AT THE NORTH
AMERICAN SOCIETY FOR PEDIATRIC GASTROENTEROLOGY AND
NUTRITION, 1990.

MARKOWITZ SK, ZITER FMH. RADIOLOGIC DIAGNOSIS OF
BOWEL OBSTRUCTION. IN: BOWEL OBSTRUCTION, CLINICAL
DIAGNOSIS AND MANAGEMENT. J. WELCH, ED. SAUNDERS,
1990.

SAWHNEY R, REES JH, MARKOWITZ SK. CLOSTRIDIAL GAS
GANGRENE COMPLICATING LEUKEMIA. ABDOMINAL IMAGING

- 19:45102, 1994.

ScAPPATICCI F AND MARKOWITZ SK. INTRAHEPATIC
PsSeEUDOCYST COMPLICATING ACUTE PANCREATITIS: IMAGING
FINDINGS. AJR, 1995; 165:873-4.

MARKOWITZ SK. DELAYED RUPTURE OF THE
GALLBLADDER: DIAGNOSIS BY ERCP. SUBMITTED FOR
PUBLICATION.

MARKOWITZ SK. BILIARY OBSTRUCTION DUE TO DUODENAL

" DIVERTICULUM: DIAGNOSIS BY CT AND ERCP. SUBMITTED
FOR PUBLICATION. '

MARKOWITZ SK. LONG TERM ALIMENTATION: COMPARISON
3
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Récognitions-
Awards -

Current Woiik-}Contact ‘

Information

Personal

OF INTRAVENOUS AND NASOENTERIC ALIMENTATION. WORK IN
PROGRESS.

ALLMENDINGER N, HALLISEY MJ, MARKOWITZ SK, ET AL.
BALLOON DILATION OF ESOPHAGEAL STRICTURES IN
CHILDREN. J. OF PEDIATRIC SURGERY, VoL 31, No 3, p334-
6, MARCH 1996.

CIRAULO DL, NIKKANEN HE, PALTER M, MARKOWITZ §, ET
AL. CLINICAL ANALYSIS OF THE UTILITY OF REPEAT
COMPUTED TOMOGRAPHIC SCAN BEFORE DISCHARGE IN
BLUNT HEPATIC INJURY. JOURNAL OF TRAUMA 41(5):821-
824, NOVEMBER 19986.

MARKOWITZ SK, KIRECZYK W. RADIOLOGIC EVALUATION
OF DIVERTICULAR DISEASE OF THE SMALL AND LARGE
INTESTINES. IN DIVERTICULAR DISEASE: MANAGEMENT OF THE
DIFFICULT SURGICAL CASE. J. WELCH, ED. WILLIAMS AND
WILKINS, 1997, ’

_ Best Doctors in Hartford, Hartford Magazine 20042012

Best Doctors in Connecticut, Connecticut Magazine 2010-2012

¢ Stuart K Markowitz, MD, FACR

Chief Medical Officer and Vice President
Hartford Hospital

80 Seymour Street

Hartford, CT 06102

860-545-5110

- smarkow@harthosp.org

Born: April 22, 1955 — Brooklyn, New York

 Wife: Debra Markowitz

. Children: Melissa, Jessica, Nicole, Zachary
~ Stepson: Devin
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April Mann, BA, CNMT, NCT, RT (N)

Curriculum Vitae

Home Address:

Business Address:

Home Telephone:

Business Telephone:

Fax:

E-mail Address:

Previous name used:

47 Hadley Village Road, South Hadley, MA 01075

Hartford Hospital
80 Seymour Street
Hartford, Connecticut 06102

(413) 533-6158
(860) 545-5531
(860) 545-5631

april. mann@hhchealth.org (work)
aprilmann423@gmail.com (home)

Schaaréchmidt

Education

Springfield Technical Community College, Springfield, Massachusetts

Associates of Science Degree, Nuclear Medicine Technology 1989

Elms College, Chicopee, Massachusetts.
Bachelors Degree of Arts, Health Care Management 2002

BayPath College, Longmeadow, Massachusetts
MBA, Entrepreneurial Thinking and Innovative Practices — pending completion 2013

Awards

John W. Turner Award, Springfield Technical Community College May 1988

1% Place, Cardiovascular Council Award, Technologist Papers, 47™ Annual Society of
Nuclear Medicine Meeting, St. Louis, Missouri, June 2000.

ond Place, Cardiovascular Council Award, Technologist Papers, 47" Annual Society of
Nuclear Medicine Meeting, St. Louis, Missouri, June 2000.

2™ Place, Cardiovascular Council Award, Technologist Papers, 48™ Annual Society of
Nuclear Medicine Meeting, Toronto, Canada, June 2001.
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Fellowship Award, Society of Nuclear Medicine Technologist Section, 49™ Annual Society
of Nuclear Medicine Meeting, Los Angeles, California June 2002.

Service Award, New England Chapter Society of Nuclear Medicine Technologist Section,
35 Annual Spring Symposium, New England Chapter Technologist Section, Braintree,

Massachusetts, March 2004. :

Fellowship Award, American Society of Nuclear Cardiology January 2006

Affiliations and Certifications

Society of Nuclear Medicine and Molecular Imaging (since 1993)

New England Chapter, Society of Nuclear Medicine (since 1993)

American Society of Nuclear Cardiology (since, 1996)

Nuclear Medicine Technology Certification Board (1989) #012417

American Registry of Radiological Technology (Nuclear Medicine) (1989) #236554
Nuclear Cardiology Technologist, NMTCB (2001) #C80004

Basic Life Support (Healthcare Provider)

Alpha Sigma Lambda National Honor Society (inducted April 2002)

Honored Lifetime Member, Strathmore’s Who’s Who (inducted edition 2003- 2004)

Experience

1989-1990

1990- 1991

1991-1994

1992-2000

1994-1996

1996- 2000

2000-2001

Charlotte Hungerford Hospital, Torrington, Connecticut
Staff Technologist, Nuclear Medicine Laboratory

Providence Hospital, Holyoke, Massachusetts
Clinical Supervisor, Nuclear Medicine Laboratory

Hartford Hospital, Hartford, Connecticut
Staff Technologist, Clinical Nuclear Medicine

Hartford Hospital, Hartford Connecticut
Clinical Instructor, Springfield Technical Community College,
Springfield Massachusetts

Hartford Hospital, Hartford, Connecticut
Staff Technologist, Nuclear Cardiology Laboratory

Hartford Hospital, Hartford, Connecticut
Clinical Supervisor, Nuclear Cardiology Laboratory

Hartford Hospital, Hartford, Connecticut
Manager, Nuclear Cardiology Laboratory
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2001- 2008 Hartford Hospital, Hartford, Connecticut
Manager, Non-Invasive Cardiology

2008 — 2009 Hartford Hospital, Hartford, Connecticut
Manager, Non-Invasive Cardiology and Clinical Nuclear Medicine

2009- present Hartford Hospital, Hartford, Connecticut
Manager, Non-Invasive Cardiology

Appointments

1996- 1998 Grassroots Chairperson, Greater Hartford Area. Technologist Section,
New England Chapter, Society of Nuclear Medicine.

1997- 2000 Co-Editor, Technologists’ Section, Journal of Nuclear Cardiology
1997- 2001 Membership Committee, American Society of Nuclear Cardiology
1997- 2004 Technologist Committee, American Society of Nuclear Cardiology

1997 — 2004 Socio-Economic Affairs Committee, Technologist Section, Society of
Nuclear Medicine (Chair, 2001-2003)

1997 — 2004 Nuclear Cardiology Committee, Technologist Section, Society of
Nuclear Medicine (Chair 2000-2001)

1997 -1998 Co-Chair, Spring Symposium Committee, New England Chapter
' Technologist Section, Society of Nuclear Medicine

1997 - 1999 - Item-Writer, American Registry of Radiologic Technologists

1998 — 2004 Scientific and Teaching Committee, Technologist Section, Society of
Nuclear Medicine (2003 —2004 Continuing Education Vice-Chair)

1998 — 2000 Continuing Education Committee, Technologist Section, Society of
Nuclear Medicine '

1998 - 1999 President-elect, New England Chapter, Technologist Section, Society of
Nuclear Medicine

1998 - 1999 Chair, Spring Symposium Committee, New England Chapter Technologist
Section, Society of Nuclear Medicine '

1998 - 1999 4th ASNC Tutorial Committee, American Society of Nuclear Cardiology
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1999 — 2000 President, New England Chapter, Technologist Section, Society of Nuclear
Medicine

1999 — 2000 Chair, New Millennjum Subcommittee, Socio-Economic Affairs Committee,.
Technologist Section, Society of Nuclear Medicine :

1999 —-2000 Membership Committee, Technologist Section, Society of Nuclear Medicine

1999 — 2004 Strategic Planning Committee, Technologist Section, Society of Nuclear
Medicine

1999 — 2002 Awards Committee, Technologist Section, Society of Nuclear Medicine

1999 — 2000 Chapter Presidents Committee, Technologist Section, Society of Nuclear

‘ Medicine ’

1999 - 2004 Leadership and Mentoring Committee, Technologist Section, Society of
Nuclear Medicine

1999 - 2000 | 5th ASNC Symposium and Scientific Session, American Society of Nuclear
Cardiology

1999 — 2006 Board of Directors, Cardiovascular Council, Society of Nuclear Medicine
(Secretary/Treasurer 2002- 2004) (Secretary 2004 — 2006)

1999 — 2001 Nuclear Medicine Week Subcommittee, Technologist Section, Society of
Nuclear Medicine

2000 — 2001 Section Editor, Technologists’ Section, Journal of Nuclear Cardiology

2000 - 2001 Immediate Past President, New England Chapter Technologist Section, Society
of Nuclear Medicine

2000 - 2001 Chair, Nominating Committee, New England Chapter, Society of Nuclear
Medicine :

2000 — 2003 Service Award Committee, New England Chapter, Society of Nuclear

2000 — present

2000 - 2001

Medicine (Chair 2000 — 2001)

Past Presidents Council, New England Chapter, Society of Nuclear Medicine
(Chair 2000 — 2001)

Executive Board Member at Large, Technologist Section, Society of Nuclear
Medicine.
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2000 —2008

2000 -2001

2000 — present

2000
2000 - 2004
2000 —2002

2000 — present

2001 — present

2001 —-2003
2001 - 2004
2001 —-2002

2001 — present

2001- 2002

2002 —2006
2002 —- 2009
2002

2002 —-2004

Publications Committee, Technologist Section, Society of Nuclear Medicine.

Academic Affairs Committee, Technologist Section, Society of Nuclear
Medicine

Administrator, New England Chapter, Society of Nuclear Medicine

Member, Coalition for Allied Health Leadership, Health Professions Network,
Society of Nuclear Medicine

Technologist Advisory Board, Bristol-Myers Squibb Medical Imaging, N.
Billerica, Massachusetts

Coalition on Allied Health Task Force, Technologist Section, Society of
Nuclear Medicine

Application Reviewer, Intersocietal Commission for the Accreditation of
Nuclear Medicine Laboratories

Site Inspector, Intersocietal Commission for the Accreditation of Nuclear
Medicine Laboratories

Allied Health Professionals Committee, American College of Cardiology

Finance Committee, Technologist Section, Society of Nuclear Medicine
(Chair: 2003 —2004)

Coding and Reimbursement Committee, Society of Nuclear Medicine
Education Committee, American Society of Nuclear Cardiology
Technologist Task Force, American Society of Nuclear Cardiology
Associate Editor, Editorial Board, Journal of Nuclear Medicine Technology

Board of Directors, Nuclear Medicine Technology Certification Board
(Secretary 2005, Chair-elect 2007, Chair 2008)

Planning Committee, March 2003 Cardiovascular Administrators’
Management Conference, American College of Cardiology Administrators,
AAMA

Government Relations Committee, Committee, American Society of Nuclear
Cardiology
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2002 —2003 Audits Committee, Society of Nuclear Medicine

2002 - 2004 Investments Subcommittee of Finance, Society of Nuclear Medicine

2002 — 2003 Membership Committee, Society of Nuclear Medicine

2002 —2003 Ethics Sub-Committee, Society of Nuclear Medicine

2002 - 2003 8th Annual ASNC Symposium and Scientific Session Committee, American
Society of Nuclear Cardiology

2003 Planning Committee, Annual 2003 American Academy of Medical

2002 — present

2003 — 2004
2003
2003 - 2004
2003 — 2006
2003 — 2006
2004 — 2006
2004 — 2006
2004 — 2006
2004 — 2006
2004 — 2006

Administrator’s Conference Cardiovascular Session, San Antonio, TX.

Co-Program Director, Nuclear Cardiology for the Technologists, American
Society of Nuclear Cardiology

Executive Board Member (Finance Chair), Society of Nuclear Medicine
Technologist Section

Planning Committee, March 2004 Cardiovascular ~Administrators’
Management Conference, American College of Cardiology Administrators,
AAMA

9th Annual ASNC Symposium and Scientific Session Committee, American
Society of Nuclear Cardiology

Finance Committee, Society of Nuclear Medicine
Scientific Program Committee, Society of Nuclear Medicine
Reimbursement Task Force, Society of Nuclear Medicine

Program Committee, Society of Nuclear Medicine Technologist Section
(Chair-elect 2004-2005, Chair 2005-2006)

Advocacy Committee, Society of Nuclear Medicine Technologist Section

Task Force on Emerging Technologies Committee, Society of Nuclear
Medicine Technologist Section

Professional Development Task Force, Society of Nuclear Medicine
Technologist Section
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2004

2003 - 2004
2005

2005 — 2010
2005 — 2006
2005 - 2006
2005 — 2006
2005 — 2006
2005 — 2007
2005 — 2006
2005 — 2007
2006 — 2009
2006 — 2008
2009 —2010
2009 — 2011

2010 — present

2010

Planning Committee, March 2005 Cardiovascular Administrators’
Management Conference, American College of Cardiology Administrators,
AAMA.

10th Annual ASNC Symposium and Scientific Session Committee, American
Society of Nuclear Cardiology

Planning Committee, March 2006 Cardiovascular Administrators’
Management Conference, American College of Cardiology Administrators,
AAMA

Board of Directors, Intersocietal Commission of Accredited Nuclear
Laboratories

Finance Committee, Technologist Section, Society of Nuclear Medicine

11th Annual ASNC Symposium and Scientific Session Committee, American
Society of Nuclear Cardiology

Bylaws Committee, Society of Nuclear Medicine
Ethics Committee, Society of Nuclear Medicine

PET/CT Technologist Education Task Force
(Chair, 2005)

Committee on Healthcare Policy, Society of Nuclear Medicine

Program Director, Diagnostic and Interventional Symposium for the Cardiac
Imaging Professional

Board of Directors, American Society of Nuclear Cardiology

Publications Committee, Technologist Section Society of Nuclear Medicine
Planning Committee, ASNC 2010, American Society of Nuclear Cardiology
Steering Committee on Education, American Society of Nuclear Cardiology
Health Policy Resource Group, American Society of Nuclear Cardiology

Task Force on Laboratory Reaccreditation, American Society of Nuclear
Cardiology
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2010 — present

2010 — present

2010 — present

2010 -2011
2011 -2012
2012 — present

2012 — present

2012 — present

2012 — present

Presentations

Finance Committee, Technologist Section Society of Nuclear Medicine and
Molecular Imaging (Chair, 2012 — 2013)

Membership Committee, Technologist Section Society of Nuclear Medicine
Executive Committee, New England Chapter Technologist Section, Society of
Nuclear Medicine (President-elect, 2010 — 2011, President, 2012 — 2013, Past
President 2013 - 2014) '

Planning Committee, ASNC 2011, American Society of Nuclear Cardiology
Planning Committee, ASNC 2012, American Society of Nuclear Cardiology

Finance Committee, Society of Nuclear Medicine and Molecular Imaging

Investments Sub-committee, Society of Nuclear Medicine and Molecular
Imaging :

Board of Directors, Society of Nuclear Medicine and Molecular Imaging
Technologist Section (Finance Chair 2012 — 2013, President-elect 2013 —2014)

National Council Delegates, Society of Nuclear Medicine and Molecular
Imaging Technologist Section (Finance Chair 2012 — 2013, President-elect 2013
—2014)

February 18, 1996  “Gated SPECT Imaging: Perfusion and Clinical Data.” 19th Annual Mid-

April 25, 1996

Winter Meeting, New England Chapter, Society of Nuclear Medicine, -
North Conway, New Hampshire.

“Pharmacologic Stress.” Annual Respiratory Therapy Symposium,
Waterbury, Connecticut

February 16, 1997  “Technical Considerations for Acute Myocardial Perfusion Imaging.” 20th

Annual Mid-Winter Meeting, New England Chapter, Society of Nuclear
Medicine, Jackson, New Hampshire.

September 13, 1997 “Technical Considerations in Image Acquisition.” 2nd Annual Tutorial in

October 25, 1997

Nuclear Cardiology, American Society of Nuclear Cardiology, Boston,
Massachusetts.

“Acute Imaging-Technical Considerations.” 11th Northeast Regional
Society of Nuclear Medicine Meeting, Rye Brook, New York.
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January 17, 1998

February 15, 1998

April 24, 1998

June 09, 1998

August 22, 1998

August 29, 1998

September 19, 1998

May 8, 1999

June 5, 1999

June 8, 1999

November 13, 1999

March 31, 2000

9

“Gated SPECT Imaging for the Technologist.” Pharmacologic Stress
Imaging 1998: Changing Concepts and Read with the Experts, American
Society of Nuclear Cardiology, New York, New York.

“Sources of Error in Acquisition of Myocardial Perfusion Imaging- A Case
Review.” 21st Annual Mid-Winter Meeting, Society of Nuclear Medicine,
Jackson, New Hampshire.

“Technical Consideration for Acute Myocardial Perfusion Imaging” North
Carolina Society of Nuclear Medicine Meeting, Wilmington, North
Carolina.

“Gated SPECT” 45th Annual Society of Nuclear Medicine Meeting,
Toronto, Canada.

“Technical Considerations of Image Acquisition in SPECT Myocardial
Perfusion Imaging.” New Jersey Society of Nuclear Medicine, Teaneck,
New Jersey

“Gated SPECT Imaging for the Technologist” New England Chapter
Technologist Section, Society of Nuclear Medicine, New Hampshire
Summer Grassroots Meeting. Yarmouth, Nova Scotia.

“Gated SPECT Imaging for the Technologist” New England Chapter
Technologist Section, Society of Nuclear Medicine, Vermont Grassroots
Meeting. Burlington, Vermont

“Gated SPECT Imaging for the Technologist” New England Chapter
Technologist Section, Society of Nuclear Medicine, Maine Grassroots
Meeting. Augusta, Maine.

“Technical Considerations of Image Acquisition in SPECT Myocardial
Perfusion Imaging.” 46th Annual Society of Nuclear Medicine Meeting,
Los Angeles, California.

“Laboratory Logistics at Hartford Hospital.” 46th Annual Society of
Nuclear Medicine Meeting, Los Angeles, California.

“Building Blocks of the Technologist Section Society of Nuclear
Medicine” New England Chapter, Vermont Grassroots Meeting,
Burlington, Vermont.

“Nuts and Bolts of Gated SPECT Imaging” 45™ Annual Southwest
Chapter Society of Nuclear Medicine Meeting. Galveston, Texas
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April 1, 2000

April 8, 2000

May 5, 2000

June 5, 2000

Sept. 23, 2000

Nowv. 4, 2000

Dec 12,2000

Dec 14, 2000

February 10, 2001

February 27, 2001

April 19, 2001

April 20, 2001

10
“Acute Myocardial Perfusion Imaging” 45™ Annual Southwest Chapter,

‘Society of Nuclear Medicine Meeting. Galveston, Texas

“Sensitivity, Specificity and Accuracy of Cardiac SPECT” 29™ Annual
Spring Symposium, Greater New York Chapter Technologist Section,
Atlantic City, New Jersey.

“Review of AutoQuant™ and Vantage™ Attenuation Correction”
ADAC/Du Pont User’s Meeting, Tampa, Florida

“Correcting Common Artifacts at Hartford Hospital, Nuclear Cardiology
Laboratory” 47" Annual Society of Nuclear Medicine Meeting, St. Louis,

‘Missouri.

“Acquisition: Challenges and Solutions.” 5th Annual American Society of
Nuclear Cardiology Symposium and Scientific Session. Chicago, Illinois.

“Nuclear Cardiology: Acquisition Challenges and Solutions.” 14™ Annual
Northeast Regional Scientific Meeting. New England and Greater New
York Chapter of the Society of Nuclear Medicine. Newport, Rhode Island.

“Nuclear Cardiology Laboratory Accreditation” DuPont Pharmaceuticals,
Al Dente Ristorante, Piscataway, New Jersey

“Nuclear Cardiology Laboratory Accreditation” Du Pont Pharmaceuticals,
High Lawn Pavilion, West Orange, New Jersey

“Protocols: Parameters and Technical Considerations” Mid-Winter
Meeting Educational Symposium, Society of Nuclear Medicine. Tampa,
Florida

“Nuclear Cardiology Laboratory Accreditation” Du Pont Pharmaceuticals,
The Grande Cafe, Morristown, New Jersey

“Technical Consideration for Myocardial Perfusion Imaging” 32™ Annual
Spring Symposium, New England Chapter Technologist Section, Society

~of Nuclear Medicine. Hartford Marriott Farmington, Farmington,

Connecticut.
“Nuclear Cardiology Laboratory Accreditation” 32" Annual Spring
Symposium, New England Chapter Technologist Section, Society of
Nuclear Medicine. Hartford Marriott Farmington, Farmington,
Connecticut.
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May 5, 2001

June 23, 2001

June 23, 2001
October 6, 2001

October 6, 2001

November 3, 2001

February 16, 2002
February 16, 2002

March 2, 2002

March 2, 2002
April 6,2002
April 6,2002

April 13, 2002

11

“Myocardial Perfusion Imaging: The Good, the Bad and the Ugly.” Florida
Nuclear Medicine Technologists’ Annual Meeting. Wyndham
Harbourside, Tampa, Florida.

“Mastering the Meeting” Emerging Leaders Conference, 48" Annual
Society of Nuclear Medicine Meeting, Toronto, Canada.

“Optimizing Display and Interpretation” Nuclear Cardiology 2001:
Improving Image Quality — Read with the Experts, 48"™ Annual Society of

Nuclear Medicine Meeting, Toronto, Canada.

“Protocols: Parameters and Technical Considerations” North Carolina

~ Nuclear Medicine Technologist Fall Meeting. Raleigh Durham, North

Carolina.

“Application ‘of Gated SPECT” North Carolina Nuclear Medicine
Technologist Fall Meeting. Raleigh Durham, North Carolina.

“Myocardial Perfusion Imaging: The Good, the Bad and the Ugly.”
Continuum ' 2001: Nuclear cardiology and Latest Updates. -Southern
Michigan Associates and Technical Affiliates. William Beaumont
Hospital, Royal Oak, Michigan.

“Nuts and Bolts of Gated SPECT Imaging” Technologist Tutorial
American Society of Nuclear Cardiology, Houston Texas.

“Stress Testing” Technologist Tutorial American Society of Nuclear
Cardiology, Houston Texas.

“Nuts and Bolts of Gated SPECT Imaging” Technologist Tutorial
American Society of Nuclear Cardiology, George Washington University,
Washington, D.C. :

“Stress Testing” Technologist Tutorial, American Society of Nuclear
Cardiology, George Washington University, Washington, D.C.

“Nuts and Bolts of Gated SPECT Imaging” Technologist Tutorial,
American Society of Nuclear Cardiology, Kansas City, Missouri.

“Stress ‘Testing” Technologist Tutorial American Society of Nuclear
Cardiology, Kansas City, Missouri.

“Choosing the Best Imaging Protocol” Combined Northeast ASNC
Working Groups Meeting. New York Marriott Marquis, New York, New
York.
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May 3, 2002 “Technical Consideration of Myocardial Perfusion Imaging” 31% Annual
Spring Symposium, Greater New York Chapter Technologist Section,
Society of Nuclear Medicine. Franklin Wyndham Hotel, Philadelphia,

Pennsylvania.

May 4, 2002 “Myocardial Perfusion Imaging: the Good the Bad and the Ugly”
Florida Nuclear Medicine Technologists 2002 Annual Meeting, Orlando,
Florida.

May 15, 2002 “Myocardial Perfusion Imaging: the Good the Bad and the Ugly”

Nuclear Medicine Technologist Section of the Society of Nuclear
Medicine of Puerto Rico. San Juan, Puerto Rico.

May 16, 2002 “Myocardial Perfusion Imaging: the Good the Bad and the Ugly”
Nuclear Medicine Technologist Section of the Society of Nuclear
Medicine of Puerto Rico. Ponce, Puerto Rico.

September 12, 2002 “Imaging Protocols and Parameters” Nuclear Cardiology Board Review
Coarse, Southeast Chapter Annual Meeting, Orlando, Florida.

September 28, 2002 “Acute Chest Pain Imaging in Your Emergency Department” 7" Annual
ASNC Symposium and Scientific Session, Baltimore, Maryland.

October 17, 2002 “Cardiac SPECT Processing: Parameters and Techniques” 27" Annual
Nuclear Cardiology Symposium and Workshop. Wyndham Milwaukee
Center Hotel, Milwaukee, Wisconsin

October 17, 2002 “Imaging Artifacts and Errors: Challenges and Solutions” 27" Annual
Nuclear Cardiology Symposium and Workshop. Wyndham Milwaukee
Center Hotel, Milwaukee, Wisconsin.

April 12,2003 “The Ins and Out’s of the NMTCB Nuclear Cardiology Specialty Exam.
34™ Annual Spring Symposium, New England Chapter Technologist
Section, Society of Nuclear Medicine. Eastland Hotel Portland, Maine.

May 3, 2003 “Identification and Prevention of Common Artifacts in Nuclear
Cardiology” 32™ Annual Spring Symposium, Greater New York Chapter
Technologist Section, Society of Nuclear Medicine. Wyndham
Philadelphia at Franklin Plaza, Philadelphia, Pennsylvania.

May 3, 2003 “The NMTCB Nuclear Cardiology Specialty Exam” 32" Annual Spring
Symposium, Greater New York Chapter Technologist Section, Society of
Nuclear Medicine. Wyndham Philadelphia at Franklin Plaza, Philadelphia,
Pennsylvania.
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May 13, 2003

May 17, 2003

May 17, 2003

May 18, 2003

May 18, 2003

May 18, 2003

June 21,2003

June 21, 2003

June 22, 2003

June 23, 2003

June 23, 2003

June 24, 2003

September 11, 2003

13

“Acquisition and Processing of Attenuation Correction from a
Technologist Point of View.” Philips (ADAC) Users’ Meeting on
Attenuation Correction. Marriott LaGuardia, New York, New York.

“Disease Processes of the Heart” Nuclear Cardiology for the
Technologists, American Society of Nuclear Cardiology. Hyatt Arlington,
Arlington, Virginia.

“Pharmacologic Stress Testing” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology. Hyatt Arlington, Arlington,
Virginia.

“Performing. Effective Imaging Protocols” Nuclear Cardiology for the
Technologists, American Society of Nuclear Cardiology. Hyatt Arlington,
Arlington, Virginia.

“Processing Parameters: Techniques and Considerations” Nuclear

Cardiology for the Technologists, American Society of Nuclear
Cardiology. Hyatt Arlington, Arlington, Virginia.

“Overview of Gamma Camera Quality Control” Nuclear Cardiology for
the Technologists, American Society of Nuclear Cardiology. Hyatt
Arlington, Arlington, Virginia.

“Stress Protocols — Exercise versus Pharmacological” 50™ Annual Society
of Nuclear Medicine Meeting, New Orleans, Louisiana

“Read with the Experts — Understanding and Interpreting the Images” 50
Annual Society of Nuclear Medicine Meeting, New Orleans; Louisiana

“ICANL Accreditation Workshop” 50" Annual Society of Nuclear
Medicine Meeting, New Orleans, Louisiana

“Advances in Pharmacologic Stress Myocardial Perfusion Imaging” 50t
Annual Society of Nuclear Medicine Meeting, New Orleans, Louisiana
“Optimizing Acquisition Parameters and Imaging Protocols” 50™ Annual
Society of Nuclear Medicine Meeting, New Orleans, Louisiana

“The Development of the NMTCB-NCT Specialty Exam” 50" Annual
Society of Nuclear Medicine Meeting, New Orleans, Louisiana

“Writing: How Do 1 Begin‘?” Professional Development Session, gh
Annual symposium and Scientific Session, American Society of Nuclear
Cardiology, Indianapolis, Indiana
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September 12, 2003
September 12, 2003
October 24, 2003
October 24, 2003 |

December 4, 2003

December 14, 2003
March 5, 2004
March 14, 2004

March 14, 2004

March 27, 2004

March 28, 2004

14

“Artifacts in SPECT Perfusion and Function” Core Session, 8" Annual
symposium and Scientific Session, American Society of Nuclear
Cardiology, Indianapolis, Indiana

“Philips How to Session: Attenuation Correction,” 8™ Annual symposium
and Scientific Session, American Society of Nuclear Cardiology,
Indianapolis, Indiana.

“Processing Nuclear Cardiology Studies” 28" Annual Nuclear Cardiology
Symposium and Workshop. Wyndham Milwaukee Center Hotel,
Milwaukee, Wisconsin.

“Practicing Nuclear Cardiology” 28" Annual Nuclear Cardiology
Symposium and Workshop. Wyndham Milwaukee Center Hotel,
Milwaukee, Wisconsin. '

“Technical Challenges of Myocardial Perfusion Imaging” Bristol-Myers
Squibb Medical Imaging, Troy, Wisconsin.

“Artifacts in SPECT Perfusion and Function Imaging” King
Pharmaceuticals Investigator’s Meeting, Loews Miami Beach Florida,
Miami, Florida. :

“Successful Operations of Non-Invasive Cardiology Cardiovascular
Administrators’ Management Conference, Hotel Intercontinental, New
Orleans, Louisiana.

“Considerations for Display and Interpretation .of Myocardial Perfusion
Imaging” Nuclear Medicine/PET Update for Technologists, Opryland Hotel,
Nashville, Tennessee.

“Considerations for Stress Testing” Nuclear Medicine/PET Update for
Technologists, Opryland Hotel, Nashville, Tennessee.

“Disease Processes of the Heart” 35 Annual Spring Sympsium, New England
Chapter society of Nuclear Medicine Technologist section, Braintree,
Massachusetts.

“Cardiac Signs & Symptoms” 32™ Annual Spring Symposium, Greater New

York Chapter Technologist Section, Society of Nuclear Medicine, Tarrytown,
New York.
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April 3, 2004

April 3, 2004

May 1, 2004

May 1, 2004

May 2, 2004

May 5, 2004

May 6, 2004

May 14, 2004

May 14, 2004

May 14, 2004

June 19, 2004

September 30, 2004

September 30, 2004
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“Overview of Gamma Camera Quality Control” ASNC Affiliated Northeast
Combined Nuclear Cardiology Working Groups Meeting. Mystic Marriott
Hotel & Spa, Mystic, Connecticut.

“Processing Parameters: Techniques and Considerations” Northeast
Combined Nuclear Cardiology Working Groups Meeting. Mystic Marriott
Hotel & Spa, Mystic, Connecticut.

“Disease Processes of the Heart” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland.

“Protocols and Acquisition Considerations” Nuclear Cardiology for the
Technologists, American Society of Nuclear Cardiology, University of
Maryland Medical Center, Baltimore, Maryland.

“Nuclear Cardiology Operations” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland. :

“Processing Considerations” Bristol-Myers Squibb Medical Imaging
Customer Meeting, Ponce Hilton, Ponce, Puerto Rico

“Processing Considerations” Bristol-Myers Squibb Medical Imaging
Customer Meeting, San Juan, Puerto Rico.

“How to Turn an Abstract into a Poster” Connecticut Chapter, ACP-ASIM
Annual Associates Educational Meeting, Hartford Hospital, Hartford,
Connecticut.

“Navigating Through PowerPoint” Connecticut Chapter, ACP-ASIM Annual
Associates Educational Meeting, Hartford Hospital, Hartford, Connecticut.

“Tips for Public Speaking” Connecticut Chapter, ACP-ASIM Annual
Associates Educational Meeting, Hartford Hospital, Hartford, Connecticut.

“Disease Processes of the Heart” 51 Annual Society of Nuclear Medicine
Meeting. Philadelphia, Pennsylvania.

“Artifacts in Myocardial Perfusion and Function” 9™ Annual American
Society of Nuclear Cardiology Symposium and Scientific Sessions. New
York, New York.

“Camera Related Artifacts” 9™ Annual American Society of Nuclear
Cardiology Symposium and Scientific Sessions. New York, New York.
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October 1, 2004

October 12, 2004

October 30, 2004
December 3, 2004
December 3, 2004

December 9, 2004

January 29, 2005

March 6, 2005

April 16,2005

April 30, 2005

April 30, 2005

May 1, 2005
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“Cardiac Signs and Symptoms” 9" Annual American Society of Nuclear
Cardiology Symposium and Scientific Sessions. New York, New York.

“Optimizing SPECT Perfusion and Function Imaging for Diagnosis and
Risk Stratification” New England Chapter Grassroots Meeting, Delaney
House Holyoke, Massachusetts.

“Adapting to Change” 18" Annual Northeast Regional Smentlﬁc Sessions.
Stamford Marriott, Stamford, Connecticut.

“Practical Application of Attenuation Correction Workshop” American
College of Cardiology, Gleatcher Center Chicago, Illinois.

“PET: Getting Started Workshop” American College of Cardiology,
Gleatcher Center Chicago, Illinois.

“Optimizing SPECT Perfusion and Function Imaging for Diagnosis and
Risk Stratification” In-service, Lawrence General Hospital, Lawrence
Massachusetts.

“Update on Attenuation Correction” Annual Mid-Winter Meeting, Society
of Nuclear Medicine Technologist Section Saddlebrook Resort, Tampa,
Florida.

“Read with the Experts: Recognizing and Solving Gated SPECT
Problems” Annual Scientific Session, American College of Cardiology,
Orlando, Florida.

“Update on Attenuation Correction” Spring Symposium, New England
Chapter Society of Nuclear Medicine. Sheraton, Springfield,
Massachusetts.

“Processing Considerations” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland.

“Processing Considerations” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland.

“Attenuation Correction” Nuclear Cardiology for the Technologists,

American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland.
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May 1, 2005

May 9, 2005

May 10, 2005

June 19, 2005

September 29, 2005

November 12, 2005

February 11, 2006

March 9, 2006

March 11, 2006

March 11, 2006

April 9, 2006

April 9, 2006
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“Laboratory Accreditation” Nuclear Cardiology for the Technologists,
American Society of Nuclear Cardiology, University of Maryland Medical
Center, Baltimore, Maryland.

“Quality Assurance: What to look for?” 7th International Conference of
Nuclear Cardiology European Society of Cardiology, Lisbon, Portugal.

“How to Perform Attenuation Correction” 7th International Conference of
Nuclear Cardiology, European Society of Cardiology, Lisbon, Portugal.

“Identification and Prevention of Common Artifacts in Myocardial
Perfusion Imaging” 52" Annual Society of Nuclear Medicine Meeting.
Toronto, Canada.

“Tips on Public Speaking” 10™ Annual American Society of Nuclear
Cardiology Symposium and Scientific Sessions. Seattle, Washington.

“Roundtable Discussion: Evaluating and Purchasing New Cardiac Imaging
Technologies” 48™ Annual American Academy of Medical Administrators
Conference, Riviera Hotel & Casino, Las Vegas, Nevada.

“Perfusion Imaging: Moving from SPECT to PET” Mid-—Winter
Symposium, Society of Nuclear Medicine, Tempe, Arizona.

“Cardiac Imaging for the Future: Which Way Should I Go?” 17" Annual

~Cardiovascular Administrators Conference, American College of

Cardiovascular Administrators, Sheraton Atlanta Hotel, Atlanta, Georgia

“Acquisition and Processing” Practical Applications of Nuclear
Cardiology: A Fellows/Residents Tutorial, Sheraton Atlanta Hotel,
Atlanta, Georgia.

“Acquisition and Processing” Practical Applications of Nuclear
Cardiology: A Fellows/Residents Tutorial, Sheraton Atlanta Hotel,
Atlanta, Georgia.

“Optimizing Acquisition Parameters and Imaging Protocols” Advanced
Cardiac Imaging for the Technologist, Society of Nuclear Medicine,
Scottsdale Plaza Resort, Scottsdale, Arizona.

“Stress Testing for SPECT and PET” Advanced Cardiac Imaging for the

Technologist, Society of Nuclear Medicine, Scottsdale Plaza Resort,
Scottsdale, Arizona.
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April 9, 2006

October 20, 2006
October 20, 2006
July 22, 2006
July 22,2006
April 14, 2‘007

May 5, 2007

May 5, 2007

May 5, 2007

May 19, 2007

April 24, 2009
May 3, 2008

May 4, 2008
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“Attenuation Correction for SPECT” Advanced Cardiac Imaging for the
Technologist, Society of Nuclear Medicine, Scottsdale Plaza Resort,
Scottsdale, Arizona.

“Technical Considerations for Acquisition Protocols” 31% Annual Nuclear
Cardiology Symposium and Workshop, Milwaukee, Wisconsin.

“Technical Considerations for Processing” 31% Annual Nuclear
Cardiology Symposium and Workshop, Milwaukee, Wisconsin.

“Cardiac Part 1” Viva Las Vegas 2006, Pacific Southwest Technologist
Chapter, Society of Nuclear Medicine, Las Vegas, Nevada.

“Cardiac Part 2” Viva Las Vegas 2006, Pacific Southwest Technologist
Chapter, Society of Nuclear Medicine, Las Vegas, Nevada. '

“Implementing Cardiac PET ‘and PET/CT: Considerations Beyond the
Protocols” At the Heart of the Matter: Cardiac PET & PET/CT. Charlotte,
North Carolina.

“Images: Processing 101” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology Chicago, Illinois.

“Quality Assurance: Techniques for Excellence and Satisfaction” Nuclear
Cardiology for the Technologist, American Society of Nuclear Cardiology
Chicago, Illinois.

“Attenuation Correction: Principles and Techniques” Nuclear Cardiology
for the Technologist, American Society of Nuclear Cardiology Chicago,
Illinois. ‘

“Implementing Cardiac PET and PET/CT: Considerations Beyond the
Protocols” At the Heart of the Matter: Cardiac PET & PET/CT. Dallas,

Texas.

“Attenuation Correction” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, Chicago, Illinois.

“Considerations of Processing” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, Chicago, Illinois.

“Attenuation Correction” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, Chicago, Illinois.
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May 4, 2008 “Quality Assurance: Techniques for Excellence and Satisfaction” Nuclear
Cardiology for the Technologist, American Society of Nuclear Cardiology
Chicago, Illinois.

September 12,2008 “Guidelines: Their Purpose and Place” Annual Scientific Session,
American Society of Nuclear Cardiology. Boston, Massachusetts.

October 11, 2008 “Considerations of Processing” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, San Antonio, Texas.

October 12, 2008 “Attenuation Correction” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, San Antonio, Texas.

October 12, 2008 “Quality Assurance: Techniques for Excellence and Satisfaction” Nuclear
Cardiology for the Technologist, American Society of Nuclear Cardiology
San Antonio, Texas.

April 24, 2009 “PET: Principles and Instrumentation” Cardiac PET Workshop, American
Society of Nuclear Cardiology, Fort Lauderdale, Florida

April 24, 2009 “Attenuation Correction” Nuclear Cardiology for the Technologist,
American Society of Nuclear Cardiology, Fort Lauderdale, Florida

September 30, 2009 “Indications and Protocols for Myocardial Perfusion” Nuclear Cardiology
for the Working Technologist, American Society of Nuclear Cardlology,
Minneapolis, Minnesota.

September 30, 2009 “Pharmaceutical Classifications” Nuclear Cardiology for the Working
Technologist, American Society of Nuclear Cardiology, Minneapolis,
Minnesota.

October 1, 2009 “MPI and Patient Management/Outcdmes” Nuclear Cardiology for the
‘ Working Technologist, American Society of Nuclear Cardiology,
Minneapolis, Minnesota.

October '1, 2009 “Basic PET Imaging” Nuclear Cardiology for the Working Technologist,
American Society of Nuclear Cardiology, Minneapolis, Minnesota.

October 2, 2009 “Acquisition (Protocols, Parameters and Artifacts)” ASNC 2009,
American Society of Nuclear Cardiology, Minneapolis, Minnesota.

‘October 2, 2009 “Appropriate Use Criteria and the Role of the Technologist” ASNC 2009,
American Society of Nuclear Cardiology, Minneapolis, Minnesota.
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October 2, 2009
October 3, 2009
April 10,2010

May 14,2010

May 15, 2010

May 16, 2010

May 16, 2010

June 7, 2010

September 22, 2010
September 22, 2010
September 22, 20’10
September 23, 2010

September 23, 2010
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“Nuclear Jeopardy” ASNC 2009, American Society of Nuclear
Cardiology, Minneapolis, Minnesota.

“F-18 Agents in Cardiology: Practical Concerns,” ASNC 2009, American .
Society of Nuclear Cardiology, Minneapolis, Minnesota.

“Cardiac PET: 2010,” New England Chapter Society of Nuclear Medicine
Technologist Section Spring Symposium, Plymouth, Massachusetts.

“Diseases of the Heart,” Nuclear Cardiology for the Technologists 2010,
American Society of Nuclear Cardiology, Chicago, Illinois.

“How Do I Fix Attenuation?” Nuclear Cardiology for the Technologists
2010, American Society of Nuclear Cardiology, Chicago, Illinois.

“Blood Flow Imaging,” Nuclear Cardiology for the Technologists 2010,
American Society of Nuclear Cardiology, Chicago, Illinois.

“Laboratory Considerations for Cardiac PET: Are they different than
SPECT?” Nuclear Cardiology for the Technologists 2010, American
Society of Nuclear Cardiology, Chicago, Illinois.

“Cardiac PET: 2010,” Society of Nuclear Medicine Annual Meeting, Salt
Lake City, Utah. '
“MPI and Patient Management/Outcomes- Is This Useful?” Nuclear
Cardiology for the Working Technologists, ASNC 2010, American
Society of Nuclear Cardiology, Philadelphia, Pennsylvania.

“Reconstruction Processing and Filters-Does it Affect My Images?”
Nuclear Cardiology for the Working Technologists, ASNC 2010,
American Society of Nuclear Cardiology, Philadelphia, Pennsylvania.

“Exercise Stress Testing Protocols and End Points” Nuclear Cardiology
for the Working Technologists, ASNC 2010, American Society of Nuclear
Cardiology, Philadelphia, Pennsylvania.

Basic PET Imaging Nuclear Cardiology for the Working Technologists,
ASNC 2010, American Society of Nuclear Cardiology, Philadelphia,
Pennsylvania.

Nuclear Cardiology for the Working Technologists, ASNC 2010,
American Society of Nuclear Cardiology, Philadelphia, Pennsylvania.
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September 23, 2010  “MPI and Patient Management/Outcomes — Is This Useful?” Nuclear
Cardiology for Nurses and Nurse Practitioners, ASNC 2010, American
Society of Nuclear Cardiology, Philadelphia, Pennsylvania.

September 24, 2010 “Achieving Adequate Count Statistics: Sizing Up the Individual Patient”
ASNC 2010, American Society of Nuclear Cardiology, Philadelphia,
Pennsylvania.

September 25, 2010 ~“PET Imaging: How Does This Work?” ASNC 2010, American Society of
Nuclear Cardiology, Philadelphia, Pennsylvania.

September 25,2010 “Laboratory Considerations: What’s so different?” ASNC 2010, American
Society of Nuclear Cardiology, Philadelphia, Pennsylvania.

September 25,2010 “Nuclear Cardiology Jeopardy Part I: Basic Science” ASNC 2010,
American Society of Nuclear Cardiology, Philadelphia, Pennsylvania.

PUBLICATIONS

Abstracts

1. White MP, McMahon M, Russell A, Mascitelli VA, Heller GV. Clinical Comparison of
Circular vs. Non-circular Orbit Using Tc-99m Myocardial SPECT Imaging. J Nucl Med
Tech 1995; 36:263

2. McMahon M, White MP, Russell A, Travin MI, Gilliam LD, Heller GV. Comparison of Left
Ventricular Function Using Gated SPECT Perfusion and Echocardiography. J Nucl Med
Tech 1995; 23:112. '

3. Mascitelli VA, Shuaib TA, Ahlberg AW, Fleming RA, White MP, Russell A, McMahon M,
Herman SD, Chen C, Gilliam LD, Heller GV. Does beta-blocker therapy affect dobutamine
stress? Evaluation of myocardial perfusion and wall motion. Circulation 1995; 92: 1-667.

4. Russell A, McMahon M, Depergola A, Ahlberg A, White MP, Cross DM, Piriz J, Morris S,
Heller GV. Effect of Time Upon Liver Clearance of 99m-Tc-Tetrofosmin Following Acute
Chest Pain Injection: When Should Imaging Begin? J Nuc Med Tech 1996; 24:155.

5. Russell A, Piriz J, Cross DM, McMahon M, Shehata A, Heller GV. Utilizing Attenuation
Correction to Eliminate Inferior Wall Artifact Due to Increased Hepatic Activity. J Nucl Med
Tech 1996; 24:156.

6. White MP, Cross DM, Russell A, McMahon M, Heller GV. Technetium-99m Labeled Red

Blood Cells: A Clinical Evaluation of Labeling Efficiency for Several Manufacturer’s
Methods. J Nucl Med Tech 1996; 24:173.
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7.  White MP, Piriz J, McMahon MV, Russell A, Cross DM, Day P, Packard A, Heller. GV.
Iridium-191m-A Radiopharmaceutical for the Evaluation of Ventricular Function: Technical
Considerations. J Nucl Med Tech 1996; 24:174.

8. Piriz J, Kiernan FJ, Eldin A, Feroze H, McMahon M, Russell A, Travin MI, Mckay RG,
Waters D, Heller GV. Correlation of Left Ventricular Ejection Fraction by Gated SPECT
Tc-99m-Sestamibi Imaging with Contrast Ventriculography at Subsequent Cardiac
Catheterization. J Nucl Med 1996; 37:150P.

9. Morris S, Wu AH, Ahiberg S, Feng YF, Russell A, Piriz J, Shehata A, Heller GV. The

Correlation of Early Myocardial Perfusion Imaging And Cardiac Serum Markers in Acute
Chest Pain Syndromes. Circulation 1996; 94:1133

10. Duca MD, Morris RS, Ahlberg AW, Cyr GM, Russell A, Sargent RK, Waters DD, Heller
GV. Acute Myocardial Perfusion Imaging for Chest Pain Reduces the Length of Cardiac
-~ Work-up: A Randomized Trial. J Am Coll Cardiol 1997; 29: 522A.

11. Shareef B, Ahlberg AW, Levine MG, Giri S, Piriz JM, Russell A, Waters D, Heller GV.
Gated Technetium-99m SPECT Imaging Predicts Myocardial Viability in  Revascularized
Patients. J Am Coll Cardiol 1997; 29: 522A.

12. Fossati AT, Morris RS, Ahlberg AW, Cyr GM, McGill CC, Russell A, White MP, Wackers
FJ, Heller GV. Correlation of Acute Tc-99m SPECT Imaging and Coronary Artery Disease.
J Nuc Cardiol 1997, 4: S75.

13. Duca MD, Ahlberg AW, Cyr GM, Russell A, Heller GV. Acute Myocardia{l Perfusion
Imaging Reduced Length of Cardiac Work-up. J Nuc Cardiol 1997; 4:S98. \

14. Levine MG, Wackers FJ, Morris RS, Ahlberg AW, McGill CC, Russell A, White MP,
Waters D, Heller GV. Gender Differences in Acute Chest Pain Myocardial Imaging. J Nuc
Cardiol 1997; 4:S69.

15. Russell A, White MP, Cross DM, Fossati AT, Levine MG, McGill CC, Heller GV.
Evaluation of New ADAC Vertex Collimator for Tc-99m SPECT Myocardial Perfusion
Imaging. J Nucl Med Tech 1997; 5:2, p151 '

16. White MP, Russell A, Cross DM, Clapp DA, Gillan IR, Heller GV. Effectiveness of In-
Vitro Labeling for Pre-Chemotherapy Assessment of Ventricular Function in Pediatric
Oncology Patients. J Nucl Med Tech 1997: 5:2, p151

17. White MP, Russell A, Cross DM, Ahlberg AW, Levine MG, Fossati AT, Heller GV. Does

Body Habitus Impact Standardized Attenuation Correction Reconstruction: A Correlation
" with Cardiac Catherization. J Nucl Med Tech 1997, 5:2, p136.
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18. Levine MG, AW Ahlberg, White MP, Fossati AT, McGill CC, Cyr GM, Russell A, Piriz
IM, Heller GV. Impact of Stress Protocol Upon Myocardial Uptake with Tc-99m
Tetrofosmin. J Nucl Med 1997; 38:73P. ‘

19. Azar RR, Fram DB, Fossati AT, Cyr GM, McGill CC, Russell A, Hirst JA, Kiernan FJ,
Waters DD, Heller GV. How Long Do Tc-99m-sestamibi Myocardial Perfusion Defects
Last After Resolution of Acute Ischemia? An Angioplasty Model. Circulation 1997;96:1-
309.

20. Danias PG, Ahlberg AW, Messineo F, Clark BA, Levine MG, Fossati AT, McGill CC,
Russell A, Dougherty JE, Waters DD, Heller GV. Exercise Technetium-99m Gated SPECT
Myocardial Perfusion Imaging Differentiate Non-Ischemic from Ischemic Dilated
Cardiomyopathy. Circulation 1997;,96:1-735.

21. Mansoor MR, Ahlberg AW, Levine MG, McGill CC, Cyr GM, Russell A, Cross DM,
Waters DD, Heller GV. Does the Type of Vasodilator Stress Influence Defect Extent with
Tc-99m Tetrofosmin SPECT Imaging? J Am Coll Cardiol 1998;301A.

22. Jamil G, Ahlberg AW, Danias PG, Levine MG, Mather JF, McGill CC, Russell A, White
MP, Waters DD, Heller GV. Visualized Wall Motion Assessment Correlates with
Quantitative Ejection Fraction Using Tc-99m Sestamibi ECG Gated SPECT Imaging in
Patients with Dilated Cardiomyopathy. J Am Coll Cardiol 1998; 440A.

23. Cross DM, White MP, Russell A, McGill CC, Clapp DA, Phillips JM, Ferraro- Bordiga
M]J, Heller GV. Arm Positioning Does Not Affect the Number, Size, or Severity of
Myocardial Perfusion Imaging Defects with Tc-99m Sestamibi SPECT Imaging. J Nucl Med
Tech 1998; 26:115

24. Russell A, Phillips JM, Ahlberg AW, White MP, Moyna NM, Levine MG, Heller GV. Does
the Type of Stress Affect Tc-99m Tetrofosmin Myocardial Count Statistics? J Nucl Med
Tech 1998; 26:116.

25. Jamil G, Elliott MD, Holly TA, McGill CC, Sarkis M, Cook C, Mann A, Ahlberg AW,
Heller GV, Hendel RC. Limited Treadmill Exercise with a Shortened Adenosine Infusion
Increases Defect Size and Reversibility Using Technetium-99m Sestamibi SPECT
Myocardial Perfusion Imaging. Circulation: 1998; 98: 1-588.

26. Mansoor MR, Ahlberg AW, Moyna NM, Levine MG, McGill CC, Mann A, White MP,
Waters DD, Heller GV. Defect Extent and Severity and Underestimation with Dobutamine
using Technetium-99m Tetrofosmin Single-Photon Emission Computed Tomographic
Myocardial Perfusion Imaging. J Am Coll Cardiol: 1999; 418A.

27. Fossati AT, Ferraro-Bordiga MJ, Ahlberg AW, White CM, Mann A, Waters DD, Heller GV.
The Acute Administration of 17B-Estradiol Decrease the Size of Adenosine-Induced
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Myocardial Perfusion Defects in Post-Menopausal Women with ~ Coronary Disease. J Am
Coll Cardiol: 1999; 225A. '

28. Murthy DR, Katten D, McGill CC, White CM, Mann A, Saloum A, Ferraro-Bordiga M,
Water DD, Heller GV. Impact of Glucagon on Acute Beta Blockade During Dobutamine
Stress Testing Using Tc-99m Sestamibi Single Photon Emission Computed Tomographic
Imaging. J Nucl Med 1999;40:128P.

29. DeGroot MC, Ahlberg AW, Marini D, McGill CC, Cyr GC, Mann A, Heller GV. Is
Dobtamine Superior to Dipyridamole in Evaluating the Severity and Reversibility of Defects
Using Tc-99m Sestamibi SPECT Imaging in Patients with Coronary Artery Disease? J Am
Coll Cardiol: 2000:

30. Marini D, DeGroot MC, Ahlberg AW, Cyr GC, Mann A, Heller GV. Stress Technetium-
99m Sestamibi Gated SPECT Imaging Can Differentiate Non-Ischemic, Ischemic or
Combined Origins of Dilated Cardiomyopathy. J Am Coll Cardiol: 2000:J Am Coll Cardiol:
2000; .

31. Mann A, Salloum A, Ahmed J, Marini D, Ahlberg AW, Heller, GV. Patients with LBBB:
What is the Appropriate Stress Modality for Myocardial Perfusion Imaging. J Nucl Med
Tech 2000, 28:136.

32. Mann A, Ahlberg AW, Duncan B, McGill CC, Heller, GV. Low Dose Dobutamine During
Gated Technetium Sestamibi Single Photon Emission Computed Tomography Predicts
Myocardial Viability. J Nucl Med Tech 2000; 28:136.

33. Aoun G, Lu T, Marini D. Primiano C, Fleming R, Mann A, Ahlberg A, Heller GV.
Comparison of Dipyridamole (DIP) and Adenosine (AD) Using Tc-99m Sestamibi SPECT
Imaging: A Prospective Randomized Clinical Study. J Nuc Cardiol 2000; 7:S13.

34. Gemayel CY, Verma VK, Velusamy M, Mann A, Katten D, Ahlberg A, Mather J, Heller
GV. The Prognostic Value of Stress Technetium-99m Sestamibi Gated Single Photon
Emission Computed Tomography in Patient with Dilated Cardiomyopathy. J Am Coll
Cardiol:2001;381A:1033-146.

35. Mann A, Ahlberg A, Harrison S, Aoun G, Primiano C, McGill CC, Fleming R, Heller GV.
Diagnostic Accuracy of Dipyridamole and Adenosine Using 99m-Tc Sestamibi SPECT
Imaging: A Prospective Randomized Trial. J Nucl Med Tech 2001; 29(2):109

36. Harrison S, Mann A, Fram D, Morgan E, Ahlberg A, Dyckman W, Heller GV. Impact of
Coronary Flow Restoration on Acute Rest Myocardial Perfusion Imaging: an Animal Model.

J Nucl Med Tech 2001; 29(2):117.

Manuscripts, Journal Articles and Books
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1. White MP, Russell A, Mascitelli VA, Morris RS, Shehata A, Heller GV. Clinical
Comparison of Circular versus Non-circular Acquisition using Technetium-99m Myocardial
Perfusion SPECT Imaging. J Nucl Med Tech 1997; 37.

2. Russell A. Technical Considerations for Acute Myocardial Perfusion Imaging. New
England Journal of Nuclear Medicine Technology 1997; 21: 7.

3. Shehata AR, Ahlberg AW, White MP, Mann A, Fleming IA, Levine MG, Mather JF, Waters
DD, Heller GV. Dipyridamole-Dobutamine Stress with Tc-99m Sestamibi Tomographic
Myocardial Perfusion Imaging. Am J Cardiol 1998; 82:520-523.

4. Mann A, White MP. The Role of the Technologist in Nuclear Cardiology. J Nuc Cardiol
1998; 5:438-441.

5. Mann A, Ahlberg AW, White MP, Cross DM, Piriz J, Morris RS, Heller GV. The Impact of
Time on Liver Clearance of Technetium-99m-Tetrofosmin in Patients with -Acute Chest
Pain Injection: When Should Imaging Begin? J Nucl Med Tech 1998; 26:186-190.

6. White MP, Mann A, Saari MA. Gated SPECT Imaging 101. J Nuc Cardiol 1998; 5:523-26.

7. Mann A. Gated SPECT Imaging for the Technologist. New England Journal of Nuclear
Medicine 1998: December Issue. _

8. White MP, Cross DM, Mann A, Heller GV. An Evaluation of Technetium-99mTc Red
Blood Cell Labeling Efficiency and Clinical Impact on Pediatric Oncology Patients.J Nuc
Med Tech 1998; 26:265-26.

9. Danias PG, Ahlberg AW, Clark B, Messineo F, Levine MG, McGill CC, Mann A, Clive J,
Dougherty JE, Water DD, Heller GV. Combined Assessment of Myocardial Perfusion and
Left Ventricular Function with Exercise Technetium-99m Sestamibi Gated Single-Photon
Emission Computed Tomography Can Differentiate Between Ischemic and Non-ischemic
Dilated Cardiomyopathy. Am J Cardiol 1998;82 1253-1258.

10. Mann A, White MP and Heller GV. Acute Myocardial Perfusion Imaging for the
Technologist. J Nuc Cardiol 1998; 5:622-625.

11. Heller GV, Iskandrian AE, Orlandi C, Ahlberg AW, Heo J, Mann A, White WP, Gagnon A,
Taillefer R. Fasting and Nonfasting Iodoine-123-Idophenylpentadecanoic Acid Myocardial
SPECT Imaging in Coronary Artery Disease. J Nucl Med 1998; 39:2019-2022.

12. Toma DM, White MP, Mann A, McGill CC, Pelchat DA, Phillips JM, Ferraro-Bordiga M,
Heller GV. Influence of Arm Positioning Upon Rest/Stress Tc-99m Sestamibi Tomographic
Imaging. J Nuc Cardiol 1999; 6:163-168.

13. Mann A.Women’s Health Issues and Nuclear Medicine, Part 1: Women and Heart Disease. J
Nuc Med Tech 1999; 27:89-92.
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14. Mann A.Women’s Health Issues and Nuclear Medicine, Part 2: Women and Breast Cancer.
J Nuc Med Tech 1999; 27:184-187.

15. Levine MG, Ahlberg AW, Mann A, White MP, McGill CC, Mendez de Leon C, Piriz JM,
Waters DD, Heller GV. Comparison of Exercise, Dipyridamole, Adenosine, and
Dobutamine Stress Using Technetium 99m Tetrofosmin Tomographic Imaging. J Nuc!
Cardiol. 1999;6:389-396.

16. Mann A. Women’s Health Issues and Nuclear Medicine, Part 3: Women and Osteoporosis. J
Nuc Med Tech 1999; 27:266-270.

17.Mann A. Quality Control for Myocardial Perfusion Imaging. In: Nuclear Cardiology:
Practical Applications: Chapter 11. Heller GV and Hendel R editors. McGraw Hill Medical
_ Publishing Group, New York, New York. 2004.

18. Mann A. Examining Attenuation Correction. Uptake 2005;11(1): 5-6.

19. Mann A. Protocols and Acquisition Parameters for SPECT Myocardial Perfusion Imaging.
Chapter 9. In: Technical Applications of Nuclear Cardiology. Heller GV, Mann A, Hendel R
editors. McGraw Hill Medical Publishing Group, New York, New York. 2009.

20. Heller GV, Mann A, Hendel R editors. Technical Applications of Nuclear Cardiology
McGraw Hill Medical Publishing Group, New York, New York. 2009. ‘

21.Mann A. Quality Control for Myocardial Perfusion Imaging. In: Nuclear Cardiology:
Practical Applications 2™ edition: Chapter 4. Heller GV and Hendel R editors. McGraw Hill
Companies Inc, New York, New York. 2011.

22.Mann A. Time for a New Normal in Nuclear Cardiology? Imaging Technology News,
October Issue, Scranton Gillette Communications 2010.
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GERALD J. BOISVERT, CPA, FHFMA
18 Alexander Place
South Windsor, CT 06074
860-644-6491 (Home)
860-545-0585 (Work)

Work Experience

April 2013 Vice President & Chief Financial Officer
To present ‘ Harford Hospital, Hartford, Connecticut

Chief Financial Officer for 867 bed tertiary care academic medical center.

May 1997 Executive Vice President & Chief Financial Officer
To April 2013 Connecticut Children’s Medical Center, Hartford,
Connecticut

Executive Vice President & Chief Financial Officer for Connecticut’s only independent
Children’s Hospital, and related entities (Faculty Practice Plan, School, and Foundation).
Significant operational experience includes active financial oversight of 100 plus
physician practice plan. Current responsibilities include Finance and Accounting,
Revenue Cycle, Strategic Planning/Project Management/Process Improvement,
Purchasing/Materials Management, Environmental Services, Facilities, Food Service,
and Safety/Security. Previous responsibilities included oversight of IS, Community
Relations, Rehabilitation Services, Pharmacy, Radiology and other ancillary services.

April 1996 7 Vice President, Finance and Chief Financial Officer
To May 1997 US HomeCare Corp., Hartford, Connecticut

Chief Financial Officer, reporting directly to the Chairman of the Board for publicly
traded home care company. Responsibilities included direct supervision of accounting
department, MIS department, and human resources department. Also responsible for
investor relations, corporate secretary functions, SEC reporting, Medicare cost reporting,
treasury and banking relationships. Worked in a turnaround/restructuring mode with
crises management team and banks to stabilize and prepare company for sale. o

August 1992 Senior Vice President, Finance
To April 1996 Windham Community Memorial Hospital
Willimantic, Connecticut

Chief Financial Officer of 130-bed, acute care hospital, reporting to the President & CEO.

Responsible for the following functions: Finance, Billing, Admitting/Registration, MIS,
Medical Records, Personnel and Purchasing departments. Significant focus and
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involvement with third party reimbursement, regulatory issues, banking/financing
matters and union negotiations.

April 1988 Executive Vice President - Finance and Administration
To August 1992 Alden Design, Inc., Glastonbury, Connecticut

Chief Financial and Administrative Officer of multi-location, full service
communications company providing communications, consulting and production
services to Fortune 1000 companies. Specific areas of responsibility included cash
management, accounting, strategic planning, budgeting, human resources
administration and company marketing/advertising.

September 1980 Senior Manager
To April 1988 Ernst & Whinney, Hartford, Connecticut

Certified Public Accountant. Responsible for audit and special project consulting
engagements for companies involved in manufacturing, banking; health care, education
and non-profit services.

July 1979 Advanced Staff Accountant
To September 1980 Wolf & Company, Boston, Massachusetts

Staff accountant for regional accounting firm located in Massachusetts. Served as staff
accountant and in-charge accountant on savings bank, construction and small business

audit engagements.

Education

Boston University School of Management
B.S. in Business Administration

Professional

Certified Public Accountant
Fellow, Health Care Financial Management Association

Member: American Institute of Certified Public Accountants; Connecticut Society of
- Certified Public Accountants; Health Care Financial Management Association; American
College of Healthcare Executives

Community Service

Former Board Member and Finance Committee Chair of University of St. Joseph; ‘
Treasurer and member of the Board of Directors of the Capital Area Health Consortium;
member of Committee of Hospital Finance for The Connecticut Hospital Association;

18 Alexander Place - South Windsor, Connecticut 06074
Home: 860-644-6491 - Work: 860-545-8557
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Gerald J. Boisvert - continued

Community Service - continued

Former President and former Treasurer of Southside Institution Neighborhood Alliance
(SINA) and former Chairman of the Board of The Learning Corridor Corporation;
former Finance Chairman and Personnel Chairman of Canon Greater Hartford Open
(PGA Tournament); former member of Vernon, Connecticut Economic Development
Commission; and former Treasurer and Director of Sunshine Project, Inc. (a non-profit
organization involved in housing and support services for the psychiatrically disabled).

Recognized as CFO of the year by Hartford Business Journal - 2011

Other Interests: Enjoy sailing, skiing, running, tennis and golf.

18 Alexander Place - South Windsor, Connecticut 06074
Home: 860-644-6491 - Work: 860-545-8557

000172 (12/05/13)



EXHIBIT 7



U. S. TREASURY DEPARTMENT VT
INTERNAL REVENUE SERVICE :
WASHINGTON 25, D. C,

INALPLY REFER TO
TeXailay,
VCS
e 108
\ 6 1960
nortford Foanital JAN 6
Lervford 12, Connecticut '

This refers to your letter of Novenber 13, 1059 in whick Fou siate
that you received & ruling from this office dated augnst 11, 1953,
exepnting you from Federal income tax under the vrovisions of sectian
102(6) of the Internal Revenue Code, This ruling also had the.

effect of affirming prior rulings dated August 28, 1934, Septenber 19,
1938 and Janvery 27, 1941, You are nov reaussting that your status

be brought up to date to conform with the 1954 Code, sechion 501(c)(3).

Treasury Regulations prescrited under the Internal Revenue Code of
1954 provide at section 1,501(e)-1(a)(2), as amended by Treasury
Decision 6391, published June 26, 1959, for situations such as yours
and read, in part, as follows: :

"Subject only to the Cormissioner's ihhséient pover
tc revolee rulings because of a change in the law
or regulations or for other good cause, an organi-
zation that has been determined by the Commissioner
or the district director to be e;empt under section
501{a) or the corresponding vrovision of yrior law
may rely upon such determination so long as thers
are no substantial chenges in the organization's
character, purvoses, or methods.of operation, An
orgenization yhfeh has.been-deternined to to exemnt
under. the provigions of -the: Internal Reveniie f«-
of- 1939 ‘of. ¥rior Jaw is not required to securs « new
+-determination of exemption merely because of the
-, enactment” of”the, Thternal ‘Révenue .Code of 195/ unléss
a aﬁ‘ec{;;éd':by‘fsubst&ntive__.cha‘ng'e‘s,.'m Isw made by such:
Code M. , '

In viey :6f'?'the present Regulationsyou are not required to have your
existing exempt. status affirffed Under the 1954 Codé: in the absence ’
of basic changes.in your organization and/or overationss. If you

- prefer, as’a matter of convenience, to have & current riiing on your'

000174 (12/05/13)




. -2~ } .
Hart ford Hospital

status it will be necessary for you to file a new exemption applica-
tion, Form 1023, with your District Director at Hartford, Connecticut,
together with all supporting documents required by the application,

as well as a statement in some detail concerning your activities
subsequent to 1953, Inasmuch as we have on file the copies of your
charter and by-laws submitted with your prior application, further
coples of these documents need not be furnished, but any amendments
subsequent’ to July 1953 should be supplied. For your use in this .
connection, there are enclosed three copies of Form 1023, #wo executed
copies of which may be filed and the third may be retained for your
use, : -

A cursory examination of your charter shows that it does not specify |
that you are organized as a nonprofit charitable hospital, contains
no provision requiring you to be cperated to the extent of your
finanecial ability for those not able to pay for the services rendered,
and other requirements of Revenue Ruling 56-185, published in Internal
Revenue Bulletin 1956-1, page 202, which establishes the criteria

to be met in determining whether a hospital qualifies for exemption
as an organization described in section 501(c)(3) of the 1954 Cede,
Further, your charter does not contain any provision impressing your
assets with a trust by providing that in the event of dissolution
your-assets are required to be distributed for one or more of the
purposes described in section 501(e¢}(3), In this connection your

"attention is invited to section 1,501(c)(3)-1(b)(6) of the Regula~~

tions which reads, in part, as followss. . .

"Applicability of the organizational test. A deter-
mination by the Commissioner or a distriet director

that an organization is described in section 501(c)(3)
and . exempt under section 50Ll(a) will not be granted

after July 26, 1959 (regardless of when the applica-

tion is filed), unless such organization meets the
organizational test prescribed by this paragraph,

If, before July 27, 1959, an organization has been
determined by the Cormissioner or district director

to be exempt as an organization described in section
501(c)}(3) or in a corresponding provision of prior

law and such determination has not been revoked be-

fore such date, the fact that such organization does

not meet the organizational test prescribed by this
paragraph shall not be a basis for revoking such
determination. Accordingly, an organization which L
has been. determined to be exempt before July 27, 1959, )
and which does not seek a new determination of exemp- '
tion is not required to amend its articles of- organiza-
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tion to conform to the rules of this paragraph, but
any organization which seeks a determination cf

exemption after July 26, 1959, must have articles of
organization which meet the rules of this paragraph,

o R

This office is also in receipt of a comrmunication, dated April 16,

1959, from Shipmen & Goodwin, Counselors at law, Hartford, Connecticut,
submitting in your behalf a reguest for a ruling on certaingprovosed
transaction contemplated by you with respect to their effect on your

exempt status. You are advised that our reply to this request will

be held in abeyance pending receist of advice from you as to what

further action you intend to take with regard to having youi status :
affirmed under the Internal Revenue Code of 1954, : i

Your reply should also contain information concerning any implementing
action which you may.have taken subsequent to April 1959 with regard
to the proposed transactions, ‘ .

Your reply should be directed to the attention of TsR:EQ: 4-VCS,
Very truly youré,

Cl}a‘ief, Exempt Organizations Branch |

Enclosure:
Form 1023 (3)
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STATE OF CONNECTICUT
Department of Public Health
LICENSE

License No. 0046

General Hospital
In accordance with the provisions of the General Statutes of Connecticut Section 19a-493:

Hartford Hospital of Hartford, CT d/b/a Hartford Hospital is hereby licensed to maintain and
operate a General Hospital.

Hartford Hospital is located at 80 Seymour Street and 200 Retreat Avenue, Hartford, CT
06106.

The maximum number of beds shall not exceed at any time:

48 Bassinets
819 General Hospital Beds

This license expires December 31, 2013 and may be revoked for cause at any time.
Dated at Hartford, Connecticut, January 1, 2012.

Satellites:
West Hartford Surgery Center, 65 Memorial Road, Suite 500, West Hartford
Duncaster Primary Care Satellite, 40 Loeffler Road, Bloomfield
Hartford Hospital, 505 Willard Avenue, Bldg. 3, Newington
*Hartford Marathon Medical Tent, Bushnell Park, at the Finish Line, Hartford
*Hartford Marathon Medical Tent, Bushnell Park, East of the Carousel, Hartford
*Hartford Marathon Medical Tent, Steele Road and Asylum Street, West Hartford

License Revised to Reflect:
*Added (3) Satellites for the Hartford Marathon. Effective for (1) day 10/12/13.

Jewel Mullen, MD, MPH, MPA
Commissioner
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SIEMENS

Siemens Medical Solutions USA, Inc.

51 Valley Stream Parkway, Malvern, PA 19355 SIEMENS REPRESENTATIVE
Fax: (781) 203-6025 John Hubbard - (603) 801-4879
Customer Number: 0000006646 ' _ ’ Date: 9/10/2012

HARTFORD HOSPITAL
80 SEYMOUR ST
HARTFORD, CT 06102

Siemens Medical Solutions USA, Inc. is pleased to submit the following quotation for the products and services
described herein at the stated prices and terms, subject to your acceptance of the terms and conditions on the face
and back hereof, and on any attachment hereto.

Table of Contents , Page
£S04 o= T OO PO OO PSSO PP PSP P PRSPPI PP TSRO 2
General TErmMS @NA CONAITIONS .......eeeeieece ettt ettt te v bbbt asrssesesemtbene e s e e e eaeaee et et et aresesbesaraete st n e bsbarare 6
Warranty INfOrMation ............coiiiiiiii e e 13

Proposal valid until 10/25/2012

Siemens is pleased to offer the Productivity package at no charge with Quote #1-3S3AHV contingent upon a
sighed 4 year gold level service contract for your Symbia S Series. This offer is only available to qualified
purchasers and is limited to a set number of offers. This offer expires on the date indicated in this quote.

Accepted and Agreed to by:

Siemens Medical Solutions USA, Inc. HARTFORD HOSPITAL
By (sign): : By (sign):

Name: John Hubbard Name:

Title: Product Sales Executive Title:

Date: Date:

All pages of the signed proposal must be returned to Siemens to process the order - Thank you.

Created: 9/10/2012 2:11:00 PM Siemens Medical Solutions USA, Inc. Confidential Page 1 of 13
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SIEMENS

Siemens Medical Solutions USA, Inc. -
51 Valley Stream Parkway, Malvern, PA 19355 SIEMENS REPRESENTATIVE

Fax: (781) 203-6025

John Hubbard - (603) 801-4879

Quote Nr:

Terms of Payment:

1-3S3AHV Rev. 1

00% Down, 80% Delivery, 20% Installation
Free On Board: Destination

Purchasing Agreement: MedAssets-BL

MedAssets-BL terms and conditions apply to Quote
Nr 1-3S3AHV '

Symbia T

All items listed below are included for this system:

Qty Part No. Item Description
1 14415085 Symbia_T
The Symbia T is built on TruePoint SPECT-CT technology, for the seamless integration of two equal modalities.
The True Integration of state-of-the-art SPECT and high quality dual slice CT gives this system full functionality for
all SPECT-only or SPECT-CT applications in Oncology, Neurology, and routine Cardiology. True Clarity from the
ultra fast dual slice spiral CT maximizes confidence in precise Attenuation Correction and Anatomical Mapping and
Diagnostic CT within a SPECT/CT study. The True Efficiency of the single patient bed and gantry, together with
work flow improvements, achieves high throughput in all modes.
1 08719218 Room Prep Kit Symbia T/T2 (US/CA)
Room preparation kit for U.S. sites with two components to bring power from wall to Symbia T or Symbia T2 Input
power box with 50 amp fuse Junction box
2 07833283 Symbia 3/8" Hi-Res. Det. [Tub Asm.
1 10182856 Detector Support with Caudal Tilt
Caudal and cephalic tilt on Detector 2 allows for precise positioning of static and dynamic acquisitions.
2 07835494 Low_Energy_Hi_Res Collimator Symbia
Low energy (140 keV), high resolution, parallel hole collimator - AUTOFORM Technology - 148,000 hexagonal
holes - Sensitivity: 202 cpm/microCurie - Geometric Resolution: 6.4 mm - Weight: 70 ibs (31.8 kg) Includes drawer
for collimator cart
1 14414929 IQ-SPECT
“ Innovative fast cardiac imaging solution that provides intelligent reduction of SPECT acquisition time for nuclear
cardiology applications to four minutes.
1 10273911 Productivity Package
Productivity package includes the integrated collimator changer, the automatic collimator exchanger, and the
automatic quality contro! option.  Integrated Collimator Changer Innovative collimator exchange system that is
mounted beneath the patient bed. Saves time and effort when changing the most frequently used collimators.
Holds two sets of low or medium energy collimators. Automatic Collimator Exchange Fully automated changing of
collimators within the integrated collimator changer. Collimator removal or exchange is initiated with the touch of
one button on the patient positioning monitor. Automatic Quality Control Option Gd-153 line and Co-57 point
sources housed in the patient bed will be extended at customer scheduled times to perform- daily, weekly, and
monthly quality control procedures without manua! intervention.
1 10413528 AQC Web Based Training
1 10273917 AutoQC Source Registration Kit
Source registration kit for Symbia Automatic Quality Control option.
1 10273914 AutoQC source kit
Gd-153 line and Co-57 point source for the automatic quality control option.
Created: 9/10/2012 2:11:00 PM Siemens Medical Solutions USA, Inc. Confidential Page 2 of 13
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SIEMENS

Siemens Medical Solutions USA, Inc.

51 Valley Stream Parkway, Malvern, PA 19355 SIEMENS REPRESENTATIVE
Fax: (781) 203-6025 John Hubbard - (603) 801-4879
Qty Part No. Item Description

1 10183566 Internal ECG for Symbia

Symbia Internal ECG gate provides ECG triggering to nuclear subsystem for nuclear cardiology examinations. In
addition, for Symbia T2, T6, and T16 cameras the internal ECG gate provides ECG triggering to the CT subsystem
for CT applications that require ECG gating. The ECG gate is built into the Symbia patient bed and is controlied
by the Symbia acquisition station. The leads connect near the head of the patient bed and travel with patient, never
interfering with scanning. ECG waveform is displayed on the touch-screen PPM.

1 08418407 .  Hand Controller Symbia_SPECT_CT

All motorized motions of the patient bed, gantry and detectors are controlled from the ergonomically designed hand
controller which can be plugged into either side of the gantry.

1 07830909 Remote Diagnostic Services

Remote Diagnostic Services. A broadband connection is required for full remote diagnostic functionality and optlmal
system uptime.

1 10097270 MI University

Molecular Imaging University (MI-U) is a comprehensive resource for clinical educational materials in PET/CT and
SPECT/CT (www.mi-university.com). Ml University demonstrates the benefit of hybrid imaging and where it
influences patient management. The license is valid for 1 year and includes the rights to set up accounts for other
users that are related to the customer facility.

1 08719374 English Symbia T Lang Kit

1 10412858 Symbia T Series US Installation

Mechanical installation of the Symbia T Series camera system including complete system assembly and alignment,
system startup, calibrations, and performance verification to factory specifications.

1 14415032 First User
The first user provides a singler user license to operate Symbia.net as a workplace solution.
1 14415058 Monitor, 19" LCD DICOM

The 19" DICOM Calibrated LCD monitor is designed to meet the demanding requirements of medical imaging. The
display features high contrast even under high ambient light conditions that can be encountered in nuclear medicine
viewing environments. The gamma curve is exactly matched to CIE/DICOM recommendation, enhancing the ability
to display both color and gray scale images. Light output stability is ensured by continuous backlight control
throughout the display's lifetime.

1 14415036 . SPECTI/CT Processing

Processing software package that provides advanced SPECT/CT Reconstruction, image fusion capabilities,
volumetric analysis for tumor imaging, image manipulation tools, as well as cardiac and other organ-based SPECT
processing.

1 14415205 Cardiology Engine SPEC.CT 4DM

The Cardiology Engine SPECT.CT Corridor4DM assists in the diagnosis and quantitative assessment of coronary
artery disease by enabling the visualization of SPECT studies as well as quantified perfusion assessment.

1 10182980 English Corridor4DM Lang Kit

1 08419207 English MI WP Lang Kit
The language kit includes: e.soft Getting Started Manual, e.soft User Notes and customer letter.

1 14415195 4 Quadrant Phantom for Symbia S/T
A 4 quadrant 2.0-2.5.30.3.5 mm standard pattern slightly modified for use with the e.cam and Symbia Imaging
Systems

1 10119031 UPS for SPECT Camera Systems

Uninterruptible power supply option that provides 10 minutes of back up power to the SPECT gantry enabling the
proper shut down in the event of a power loss. Also provides noise filtering and transient suppression.
Specifications:5.0 KVA Input configuration: 200-240 VAC, 50/60 Hz, L6-30P Output configuration: 208 VAC, L6-
30R

1 05245316 UPS for e.soft/c.cam (60 Hz)

Uninterruptable power supply option that provides 10 minutes of back up power enablmg the proper shut down of
the system in the event of a power loss.

Created: 9/10/2012 2:11:00 PM Siemens Medical Solutions USA, Inc. Confidential Page 3 of 13
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SIEMENS

Siemens Medical Solutions USA, Inc.

51 Valley Stream Parkway, Malvern, PA 19355
Fax: (781) 203-6025

Qty

1

Created: 9/10/2012 2:11:00 PM

Part No.

MI_SPEC_INITI
AL_32

MI_SPEC_FLW
UP_32

Mi_SPEC_INT_
BCLS

3

MI_SPEC_INT_
BCLST

MI_SPEC_CTC
RSTR

MI_SPEC_CTC
RSTR

MI_SPECT_PM

MI_SPEC_ADD
_16

ACRPHANTOM
464

PRO 1-4S70B9

SIEMENS REPRESENTATIVE
John Hubbard - (603) 801-4879

Item Description

Initial onsite training 32 hrs :

Up to (32) hours of on-site clinical education training, scheduled consecutively (Monday - Friday) during standard
business hours for a maximum of (4) imaging professionals. Training will cover agenda items on the ASRT
approved checklist. Uptime Clinical Education phone support is provided during the warranty period for specified
posted hours. This educational offering must be completed (12) months from install end date. If training is not
completed within the applicable time period, Siemens obligation to provide the training will expire without refund.

MI_SYMB_FOLLOWUP

Up to (32) hours of follow-up on-site clinical education training, scheduled consecutively (Monday - Friday) during
standard business hours for a maximum of (4) imaging professionals. Uptime Clinical Education phone support is
provided during the warranty period for specified posted hours. This educational offering must be completed (12)
months from install end date. [f training is not completed within the applicable time period, Siemens obligation to
provide the training will expire without refund. :

Basic syngo Class

Tuition for (1) imaging professional to attend a Siemens Classroom Course at Siemens Training Center. The
objectives of this class are to introduce the user interface of the common syngo platform and instructions on
building protocols, demonstration of software functions, and hands-on sessions. This class includes lunch, economy
airfare, and lodging for (1) imaging professional. All arrangements must be arranged through Siemens designated
travel agency. This educational offering must be completed (12) months from install end date. |If training is not
completed within the applicable time period, Siemens obligation to provide the training will expire without refund.

Basic SymbiaT Class

Tuition for (1) imaging professional to attend a Siemens Classroom Course at Siemens Training Center. The
objectives of this class are to introduce the user interface of the common syngo platform and instructions on
building protocols, demonstration of software functions, and hands-on sessions. This class includes lunch, economy
airfare, and lodging for (1) imaging professional. All arrangements must be arranged through Siemens designated
travel agency. This educational offering must be completed (12) months from install end date. If training is not
completed within the applicable time period, Siemens obligation to provide the training will expire without refund.

CT Cross Trainer (Printed Self Study)

CT Cross Trainer printed self study materials for (1) imaging professional. These materials will provide the user
with basic CT knowledge by testing the participant periodically. Successful completion of the self study program will
provide the participant with CE credits. CT Cross Trainer printed self study materials for (1) imaging professional.
These materials will provide the user with basic CT knowledge by testing the participant periodically. Successful
completion of the self study program will provide the participant with CE credits. This educational offering must be
completed (12) months from install end date. If training is not completed within the applicable time period, Siemens
obligation to provide the training will expire without refund.

CT Cross Trainer (Printed Self Study)

CT Cross Trainer printed self study materials for (1) imaging professional. These materials will provide the user
with basic CT knowledge by testing the participant periodically. Successful completion of the self study program will
provide the participant with CE credits. CT Cross Trainer printed self study materials for (1) imaging professional.
These materials will provide the user with basic CT knowledge by testing the participant periodically. Successful
completion of the self study program will provide the participant with CE credits. This educational offering must be
completed (12) months from install end date. If training is not completed within the applicable time period, Siemens
obligation to provide the training will expire without refund.

MI SPECT Project Management

A Siemens Project Manager (PM) will be the single point of contact for the implementation of your Siemen's
equipment. The assigned PM will work with the customer's facilities management, architect or building contractor to
assist you in ensuring that your site is ready for installation. Your PM will provide initial and final drawings and will
coordinate the scheduling of the equipment, installation, and rigging, as well as the initiation of on-site clinical
education.

Additional onsite training 16 hours

Up to (16) hours of on-site clinical education training, scheduled consecutively (Monday - Friday) during standard
business hours for a maximum of (4) imaging professionals. Training will cover agenda items on the ASRT
approved checklist if applicable. This educational offering must be completed (12) months from date of purchase
order. If training is not completed within the applicable time period, Siemens obligation to provide the training will
expire without refund.

464 ACR Accreditation CT Phantom

Siemens Medical Solutions USA, Inc. Confidential
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SIEMENS

Siemens Medical Solutions USA, Inc.

51 Valley Stream Parkway, Malvern, PA 19355 SIEMENS REPRESENTATIVE
( - Fax:(781) 203-6025 ‘ John Hubbard - (603) 801-4879
Qty Part No. Item Description
1 14414937 Symbia.net

Symbia.net is an economical solution for reading of SPECT and SPECT-CT studies. The system can be optionally
configured with full Ml processing capabilities. The Symbia.net can be configured as a client-server system by
adding the Server Management option. PET functionality is available on multi-seat systems.

2 07835452 Medium Energy Collimator Symbia

Medium energy (300 keV), parallel hole collimator - 14,000 hexagonal holes - Sensitivity: 310 cpm/microCurie -
Geometric Resolution 10.8 mm - Weight: 161 Ibs (73.2 kg) Includes drawer for collimator cart

2 07835445 High Energy Collimator Symbia.
High energy (364 keV), paraliel hole collimator - 8,000 hexagonal holes - Sensitivity: 147 cpm/microCurie -
Geometric Resolution 13.2 mm - Weight: 321 Ibs (149.9 kg) Includes drawer for collimator cart

2 08717873 Symbia Collimator Cart

The collimator cart combines manual collimator insertion with fully automatic collimator clamping and allows
collimator exchange to occur without removing the bed. The cart is designed to hold two sets of collimators (or one
set of collimators and one pinhole collimator)

MISYS_PP_SE _
1 R_OF PP offset w / POS Gold Service contract

NMSYS_ADDL
1 _RIGGING Additional Rigging NMSYS $1,500

System Total: $481,500

FINANCING: The equipment listed above may be financed through Siemens. Ask us about our full range of
financial products that can be tailored to meet your business and cash flow requirements. For further information,

C ~  please contact your local Sales Representative.

ACCESSORIES: Don't forget to ask us about our line of OEM imaging accessories to complete your purchase. All
accessories can be purchased or financed as part of this order. To purchase accessories directly or to receive our
accessories catalog, please call us directly at 1-888-222-9944 ext. 7 or contact your local Sales Representative.

COMPLIANCE: Compliance with legal and internal regulations is an integral part of all business processes at
Siemens. Possible infringements can be reported to our Helpdesk “Tell us” function at www.siemens.com/tell-us.

C

Created: 9/10/2012 2:11:00 PM Siemens Medical Solutions USA, Inc. Confidential . Page 5 of 13
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SIEMENS

Siemens Medical Solutions USA, Inc.
51 Valley Stream Parkway, Malvern, PA 19355
Fax: (781) 203-6025

SIEMENS REPRESENTATIVE
John Hubbard - (603) 801-4879

Siemens Medical Solutions USA, Inc. General Terms and Conditions

1. GENERAL

1.1 Contract Terms. These terms and conditions constitute an integral part of
any contract between Seller and Purchaser identified on the first page hereof
and shall govern the sale of the products identified in such contract
(“Products”). Seller shall not be bound by, and specifically objects to, any
terms, conditions or other provisions which are different from or in addition to
the provisions of this Agreement (even if provided to Seller concurrently with
this Agreement), unless Seller specifically agrees to any such provision in a
writing signed by Seller. Neither Seller's lack of objection to any such terms,
nor delivery of the Products or provision of any services hereunder, shall
constitute the agreement of Seller to any such terms. Purchaser acknowledges
that this is a commercial and not a consumer transaction.

1.2 Acceptance. Purchaser shall be deemed to have assented to, and to have
waived any objection to, this Agreement upon the earliest to occur of any of the
following: Purchaser's completion or execution of this Agreement; Purchaser’s
acceptance of all or any part of the Products; Purchaser's issuance of a
purchase order for any Products identified on Seller's quotation or proposal; or
delivery of the Products to the common carrier for shipment pursuant hereto.
1.3 Refurbished/Used Products. For Products identified on this Agreement
as used or refurbished Products, these Products have been previously owned
and used. When delivered to Purchaser, the Products may have received
mechanical, electrical and/or cosmetic reconditioning, as needed, and will
comply with the manufacturer’s specifications. Since pre-owned Products may
be offered simultaneously to several customers, the sale -of such Products to
Purchaser cannot be guaranteed and is subject to continuing availability at the
time Purchaser accepts Seller's offer to sell the Products. If the Products are
no longer available, Seller will use its best efforts to identify other products in its
inventory that may be suitable for purchase by Purchaser, and if substitute
products are not acceptable to Purchaser, then Seller will cancel the order and
refund to Purchaser any deposits previously paid. The warranty period for any
used or refurbished Products will be separately stated on the quotation.

1.4 Third Party Products. If this Agreement includes the sale of third party
products not manufactured by Seller, then Purchaser agrees and
acknowledges that (a) Purchaser has made the selection of these products on
its own, (b) the products are being acquired by Seller solely at the request of
and for the benefit of Purchaser, in order to eliminate the need for Purchaser to
issue a separate purchase order to the manufacturer of the products, (c) no
representation, warranty or guarantee has been made by Seller with respect to
the products, (d) the obligation of Purchaser to pay Seller for the products is
absolute and unconditional, (e) Purchaser will indemnify and hold Seller
harmiess from and against any and all claims, regardless of the form of action,
related to, resulting from or caused by the products or any work or service
provided by the manufacturer of the products or any other party, (f) use of the
products may be subject to Purchaser's agreement to comply with any software
licensing terms imposed by the manufacturer, as well as any applicable laws,
rule and regulations; and (g) the manufacturer, and not Seller, is solely
responsible for any required installation, testing, validation, tracking, product
recall, warranty service, maintenance, support, and complaint handling, as well
as any other applicable FDA regulatory requirements, and the Purchaser will
look solely to the manufacturer regarding these services and will assert no
claim against Seller with respect to these products.

2, PRICES

2.1 Quotations. Unless otherwise agreed to in writing or set forth in the
quotation, all prices quoted by Seller are based on U.S. dollars, and include
standard and customary packaging. F.O.B. terms are set forth in Section 6.2
hereof. Domestic prices apply only to purchasers located in, and who will use
the Products in, the U.S. International prices apply to all purchasers located
outside of, or who will use or ship or facilitate shipment of the Products outside
of, the U.S. Unless otherwise stated, the quotation shall only be valid for forty-

. five (45) days from the date of the quotation.

2.2 Delay in Acceptance of Delivery. Should the agreed delivery date be
postponed by Purchaser, Seller shall have the right to deliver the Products to
storage at Purchaser's risk and expense, and payments due upon delivery shall
become due when Seller is ready to deliver.

2.3 Escalation. Unless otherwise agreed to in writing, except as to Products to
be delivered within six (6) months of Seller's acceptance of Purchaser's order,
Seller reserves the right to increase its prices to those in effect at the time of
shipment.

3. TAXES
3.1 Any sales, use or manufacturer's tax which may be imposed upon the sale
or use of Products, or any property tax levied after readiness to ship, or any

Created: 9/10/2012 2:11:00 PM
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excise tax, license or similar fee required under this transaction, shall be in
addition to the quoted prices and shall be paid by Purchaser. Notwithstanding
the foregoing, Seller-agrees to honor any valid exemption certificate provided
by Purchaser.

4. TERMS OF PAYMENT; DEFAULT

4.1 Payments; Due Date. Unless otherwise set forth in the quotation, Seller’s
payment terms are as follows: an initial deposit of 10% of the purchase price for
each Product is due upon submission of the purchase order, an additional 80%
of the purchase price is due upon delivery of each Product, and the final 10% of
the purchase price is due upon completion of installation or when the Products
are available for first patient use, whichever occurs first. Unless otherwise
agreed, all payments other than the initial deposit are due net thirty (30) days
from the date of invoice. Seller shall have no obligation to complete installation
until the payment due upon delivery is received. All amounts payable pursuant
to this Agreement are denominated in United States dollars, and Purchaser
shall pay all such amount in lawful money of the United States. Partial
shipments shall be billed as made, and payments for such shipments will be
made in accordance with the foregoing payment terms.

4.2 Late Payment. A service charge of 1%% per month, not to exceed the
maximum rate allowed by law, shall be made on any portion of Purchaser's
outstanding balance which is not paid within thirty (30) days after invoice date,
which charge shall be determined and compounded on a daily basis from the
due date until the date paid. Payment of such service charge shall not excuse
or cure Purchaser’s breach or default for late payment.

4.3 Payment of Lesser Amount. If Purchaser pays, or Seller otherwise
receives, a lesser amount than the full amount provided for under this
Agreement, such payment or receipt shall not constitute or be construed other
than as on account of the earliest amount due Seller. Seller may accept any
check or payment in any amount without prejudice to Seller's right to recover
the balance of the amount due or to pursue any other right or remedy. No
endorsement or statement on any check or payment or in any letter
accompanying a check or payment or elsewhere shall constitute or be
construed as an accord or satisfaction.

4.4 Where Payment Due Upon Installation or Completion. Should any
terms of payment provide for either full or partial payment upon completion of
installation or thereafter, and completion of installation is delayed for any
reason for which Seller is not responsible, then the Products shall be deemed
installed upon delivery and the balance of payments shall be due no later than
thirty (30) days from the delivery date regardless of the actual installation date.
4.5 Default; Termination. Each of the following shall constitute an event of
default under this Agreement: (i) a failure by Purchaser to make any payment
due Seller within ten (10) days of receipt of written notice of non-payment from
Seller; (i) a failure by Purchaser to perform any other obligation under this
Agreement within thirty (30) days of receipt of written notice from Seller; (i) a
default by Purchaser under any other obligation to or agreement with Seller or
Siemens Financial Services, Inc., or any assignee of the foregoing (e.g., a
promissory note, lease, rental agreement, license agreement or purchase
contract); or (iv) the commencement of any insolvency, bankruptcy or similar
proceedings by or against Purchaser (including any assignment by Purchaser
for the benefit of creditors). Upon the occurrence of any event of default, at
Seller’s election: (a) the entire amount of any indebtedness and obligation due
Seller under this Agreement and interest thereon shall become immediately
due and payable without notice, demand, or period of grace; (b) Seller may
suspend the performance of any of Seller's obligations hereunder, including,
but not limited to, obligations relating to delivery, installation and warranty
services; (c) Purchaser shall put Seller in possession of the Products upon
demand; (d) Seller may enter any premises where the Products are located
and take possession of the Products without notice or demand and without
legal proceedings; (e) at the request of Seller, Purchaser shall assemble the
Products and make them available to Seller at a place designated by Selier
which is reasonable and convenient to all parties; (f) Seller may sell or
otherwise dispose of all or any part of the Products and apply the proceeds
thereof against any indebtedness or obligation of Purchaser under this
Agreement (Purchaser agrees that a period of 10 days from the time notice is
sent to Purchaser shall be a reasonable pericd of notification of sale or other
disposition of the Products by or for Seller); (g) if this Agreement or any
indebtedness or obligation of Purchaser under this Agreement is referred to an
attorney for collection or realization, Purchaser shall pay to Seller all costs of
collection and realization (including, without limitation, a reasonable sum for
attorneys’ fees, expenses of title search, all court costs and other legal
expenses) incurred thereby; and (h) Purchaser shall pay any deficiency
remaining after collection of or realization by Seller on the Products. In
addition, Seller may terminate this Agreement upon written notice to Purchaser

Page 6 of 13
000195

(12/05/13



SIEMENS

Siemens Medical Solutions USA, Inc.
51 Valley Stream Parkway, Malvern, PA 19355
Fax: (781) 203-6025

in the event that Purchaser is not approved for credit or upon the occurrence of
any material adverse change in the financial condition or business operations
of Purchaser.

4.6 Financing. Notwithstanding any arrangement that Purchaser may make
for the financing of the purchase price of the Products, the parties agree that
any such financing arrangement shall have no effect on the Purchaser’s
payment obligations under this Agreement, including but not limited to Sections
4.1 and 4.2 above.

5. EXPORT TERMS g

5.1 Unless other arrangements have been made, payment on export orders
shall be made by irrevocable confirmed letter of credit, payable in U.S. dollars
against Seller’s invoice and standard shipping documents. Such letter of credit
shall be in an amount equal to the full purchase price of the Products and shall
be established in a U.S. bank acceptable to Seller. Purchaser shall procure afl
necessary permits and licenses for shipment and compliance with any
governmental regulations concerning control of final destination of Products.

5.2 Purchaser acknowledges that Seller is required to comply with applicable
export laws and regulations relating to the sale, exportation, transfer,
assignment, disposal and usage of the Products provided under this
Agreement, including any export license requirements. Purchaser agrees that
such Products shall not at any time directly or indirectly be used, exported,
sold, transferred, assigned or otherwise disposed of in a manner which will
result in non-compliance with such applicable export laws and regulations. It
shall be a condition of the continuing performance by Seller of its obligations
hereunder that compliance with such export laws and regulations be
maintained at all times. PURCHASER AGREES TO INDEMNIFY, DEFEND
AND HOLD SELLER HARMLESS FROM ANY AND ALL COSTS,
LIABILITIES, PENALTIES, SANCTIONS AND FINES RELATED TO NON-
COMPLIANCE WITH APPLICABLE EXPORT LAWS AND REGULATIONS. If
Purchaser purchases a Product at the domestic price and exports such
Product, or transfers such Product to a third party for export, outside of the
U.S., Purchaser shall pay to Seller the difference between the domestic price
and the international retail price of such Product pursuant to the payment terms
set forth herein. Purchaser shall deliver to Seller, upon Seller’s request, written
assurance regarding compliance with this section in form and content
acceptable to Seller.

6. DELIVERY, RISK OF LOSS

6.1 Delivery Date. Delivery and installation dates will be established by mutual
agreement of the parties. Seller shall make every reasonable effort to meet the
agreed upon delivery date(s), but shall not be liable for any failure to meet such
date(s). Partial shipments may be made. .

6.2 Risk of Loss; Title Transfer. Unless otherwise agreed to in writing, the
following shall apply:

(a) For Products that do not require installation by Seller, and for
options and add-on products purchased subsequent to delivery and installation
of Products purchased under this Agreement, delivery shall be complete upon
transfer of possession to common carrier, F.O.B. Shipping Point, whereupon
title to and all risk of loss, damage to or destruction of the Products shall pass
to Purchaser.

(b) For Products that require installation by Seller, delivery shall be
complete upon delivery of the Products to Purchaser’s designated site, F.O.B.
Destination; title to and all risk of loss, damage to or destruction of such
Products shall pass to Purchaser upon completion of the installation.

- (c) All freight charges and other transportation, packing and insurance
costs, license fees, custom duties and other similar charges shall be the sole
responsibility of Purchaser unless included in the purchase price or otherwise
agreed to in writing by Seller. In the event of any loss or damage to any of the
Products during shipment, Seller and Purchaser shall cooperate in making a
claim against the carrier.

7. SECURITY INTEREST/FILING

7.1 Purchaser grants to Seller a security interest in the Products (and all
accessories and replacements thereto and all proceeds thereof) until payment
in full by Purchaser and satisfaction of all other obligations of Purchaser
hereunder. Purchaser hereby (i) authorizes Seller to file (and Purchaser shall
promptly execute, if requested by Seller) and (i) irrevocably appoints Seller its
agent and attorney-in-fact to execute in the name of Purchaser and file, with
such authorities and at such locations as Seller may deem appropriate, any
Uniform Commercial Code financing statements with respect to the Products
and/or this Agreement. Purchaser further represents and covenants that (a) it
will keep the Products in good order and repair until the purchase price has
been paid in full, (b) it will promptly pay all taxes and assessments upon the
Products or the use thereof, (c) it will not attempt to transfer any interest in the
Products until the purchase price has been paid in full, and (d) it is solvent and
financially capable of paying the full purchase price for the Products.

Created: 9/10/2012 2:11:00 PM
PRO 1-4570B9

Siemens Medical Solutions USA, Inc. Confidential

SIEMENS REPRESENTATIVE
John Hubbard - (603) 801-4879

8. CHANGES, CANCELLATION, AND RETURN

8.1 Orders accepted by Seller are not subject to change except upon Seller’s
written agreement.

8.2 Orders accepted by Seller are noncancellable by Purchaser except upon
Seller's written consent and payment by Purchaser of a cancellation charge
equal to 10% of the price of the affected Products, plus any shipping,
insurance, inspection and refurbishment charges; the cost of providing any

“training, education, site evaluation or other services completed by Seller; and

any return, cancellation or restocking fees with respect to any Third Party
Products ordered by Seller on behaif of Purchaser. Seller may retain any
payments received from Purchaser up to the amount of the cancellation
charge. In no event can an order be cancelled by Purchaser or Products be
returned to Seller after shipment.

8.3 Seller shall have the right to change the manufacture and/or design of its
Products if, in the judgment of Seller, such change does not alter the general
function of the Products.

9. FORCE MAJEURE

9.1 Seller shall not be liable for any loss or damage for delay in delivery,
inability to install or any other failure to perform due to causes beyond its
reasonable control including, but not limited to, acts of government or
compliance with any governmental rules or regulations, acts of God or the
public, war, civil commotion, blockades, embargoes, calamities, floods, fires,
earthquakes, explosions, storms, strikes, lockouts, labor disputes, or
unavailability of labor, raw materials, power or supplies. Should such a delay
occur, Seller may reasonably extend delivery or production schedules or, at its
option, cancel the order in whole or part without liability other than to return any
unearned deposit or prepayment.

10. WARRANTY

10.1 Seller warrants. that the Products manufactured by Seller and sold
hereunder shall be free from defects in material or workmanship under normal
use and service for the warranty period. The final assembled Products shall be
new although they may include certain used, reworked or refurbished parts and
components (e.g., circuit boards) that comply with performance and reliability
specifications and controls. Seller's obligation under this warranty is limited, at
Seller's option, to the repair or replacement of the Product or any part thereof.
Unless otherwise set forth in the Product Warranty attached hereto and
incorporated herein by reference, the warranty period shall commence upon
the earlier of the date that the Products have been installed in accordance with
Section 12.6 hereof (which date shall be confirmed in writing by Seller) or first
patient use, and shall continue for 12 consecutive months. Seller makes no
warranty for any Products made by persons other than Seller or its affiliates,
and Purchaser's sole warranty therefor, if any, is the original manufacturer's
warranty, which Seller agrees to pass on to Purchaser, as applicable. The
warranty provided by Seller under this Section 10 extends only to the original
Purchaser, unless the Purchaser obtains the Seller's prior written consent with
respect to any sale or other transfer of the Equipment during the term of the
warranty.

10.2 No warranty extended by Seller shall apply to any Products which have
been damaged by fire, accident, misuse, abuse, negligence, improper
application or alteration or by a force majeure occurrence as described in
Section 9 hereof or by the Purchaser's failure to operate the Products in
accordance with the manufacturer's instructions or to maintain the
recommended operating environment and line conditions; which are defective
due to unauthorized attempts to repair, relocate, maintain, service, add to or
modify the Products by the Purchaser or any third party or due to the
attachment and/or use of non-Seller supplied parts, equipment or software
without Seller's prior written approval; which failed due to causes from within
non-Seller supplied equipment, parts or software including, but not limited to,
problems with the Purchaser’s network; or which have been damaged from the
use of operating supplies or consumable parts not approved by Seller. In
addition, there is no warranty coverage for any transducer or probe failure due
to events such as cracking from high impact drops, cable rupture from rolling
equipment over the cable, delamination from cleaning with inappropriate
solutions, or TEE bite marks. Seller’s obligation under this warranty is limited to
the repair or replacement, at Seller's option, of defective parts. Seller may
effectuate such repair at Purchaser’s facility, and Purchaser shall furnish Seller
safe and sufficient access for such repair. Repair or replacement may be with
parts or products that are new, used or refurbished. Repairs or replacements
shall not interrupt, extend or prolong the term of the warranty. Purchaser shall,
upon Seller's request, return the noncomplying Product or part to Seller with all
transportation charges prepaid, but shall not return any Product or part to Seller
without Seller's prior written authorization. Purchaser shall pay Seller its
normal charges for service and parts for any inspection, repair or replacement
that falls outside the warranty set forth in Section 10.1. Seller's warranty does
not apply to consumable materials, disposables, supplies, accessories and
collateral equipment, except as specifically stated in writing or as otherwise set
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forth in the Product Warranty attached hereto and incorporated herein by
reference, nor to products or parts thereof supplied by Purchaser.

10.3 This warranty is made on condition that immediate written notice of any
noncompliance be given to Seller and Seller's inspection reveals that
Purchaser's claim is covered under the terms of the warranty (i.e., that the
noncompliance is due to traceable defects in original materials and/or
workmanship).

10.4 Purchaser shall provide Seller with both on-site and remote access to the
Products. The remote access shall be provided through the Purchaser's
network as is reasonably necessary for Seller to provide warranty services
under this Agreement. Remote access will be established through a
broadband internet-based connection to either a Purchaser owned or Seller
provided secure end-point. The method of connection will be a Peer-to-Peer
VPN IPsec tunnel (non-client based) with specific inbound and outbound port
requirements.

10.5 Warranty service will be provided without charge during Seller's regular
working hours (8:30-5:00), Monday through Friday, except Seller's recognized
holidays. If Purchaser requires that service be performed outside these hours,
such service can be made available at an additional charge, at Seller's then
current rates. The obligations of Seller described in this section are Seller's
only obligations and Purchaser's sole and exclusive remedy for a breach of
product warranty.

10.6 SELLER MAKES NO WARRANTY OTHER THAN THE ONE SET
FORTH HEREIN AND IN THE ATTACHED PRODUCT WARRANTY
COVERING THE APPLICABLE PRODUCT CATEGORY. SUCH WARRANTY
IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY EXPRESS OR IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR PARTICULAR
PURPOSES, AND SUCH CONSTITUTES THE ONLY WARRANTY MADE
WITH RESPECT TO THE PRODUCTS AND ANY DEFECT, DEFICIENCY OR
NONCONFORMITY IN ANY PRODUCT, SERVICE OR OTHER ITEM
FURNISHED UNDER THIS AGREEMENT.

10.7 In the event of any inconsistencies between the terms of this Section 10
and the terms of the attached Product Warranty, the terms of the attached
Product Warranty shall prevail.

11. LIMITATION OF LIABILITY

11.1 In no event shall Seller's liability hereunder exceed the actual loss or
damage sustained by Purchaser, up to the purchase price of the Products. The
foregoing limitation of liability shall not apply to claims for bodily injury or
damages to real property or tangible personal property to the extent arising
from Seller's negligence or a product defect.

11.2 SELLER SHALL NOT BE LIABLE FOR ANY LOSS OF USE, REVENUE
OR ANTICIPATED PROFITS; COST OF SUBSTITUTE PRODUCTS OR
SERVICES; LOSS OF STORED, TRANSMITTED OR RECORDED DATA; OR
FOR ANY INDIRECT, INCIDENTAL, UNFORESEEN, SPECIAL, PUNITIVE
OR CONSEQUENTIAL DAMAGES WHETHER BASED ON CONTRACT,
TORT (INCLUDING NEGLIGENCE), STRICT LIABILITY OR ANY OTHER
THEORY OR FORM OF ACTION, EVEN IF SELLER HAS BEEN ADVISED
OF THE POSSIBILITY THEREOF, ARISING OUT OF OR IN CONNECTION
WITH THIS AGREEMENT OR THE SALE OR USE OF THE PRODUCTS.
THE FOREGOING IS A SEPARATE, ESSENTIAL TERM OF THIS
AGREEMENT AND SHALL BE EFFECTIVE UPON THE FAILURE OF ANY
REMEDY, EXCLUSIVE OR NOT.

12. INSTALLATION - ADDITIONAL CHARGES

12.1 General. Unless otherwise expressly stipulated in writing, the Products
covered hereby shall be installed by and at the expense of Seller except that
Seller shall not provide rigging or site preparation services unless otherwise
agreed to in writing by Seller for an additional charge. Seller will not install
accessory items such as cabinets, illuminators, darkroom equipment or
processors for X-Ray and CT equipment, unless otherwise agreed to in writing
by Seller.

12.2 Installation by Seller. If Seller specifies it will install the Products, the
following applies: subject to fulfillment of the obligations set forth in Section
12.4 below, Seller shall install the Products and connect them to the requisite
safety switches and power lines to be installed by Purchaser. Except as
otherwise specified below, if such installation and connection are performed by
Seller's technical personnel, prices shown include the cost thereof, provided
that the installation and connection can be performed within the Continental
United States or Puerto Rico and during normal business hours. Any overtime
charges or other special expenses shall be additional charges to the prices
shown.

12.3 Trade Unions. In the event that a trade union, or unions, or other local
labor conditions prevent Seller from performing the above work with its own
employees or contractors, then Purchaser shall either make all required
arrangements with the trade union, or unions, to permit Seller to complete the
work or shall provide the personnel, at Purchaser’s sole cost and expense.
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Moreover, any additional cost incurred by Seller and related to such labor
disputes shall be paid by the Purchaser and Seller's obligations under such
circumstances will be limited to providing engineering supervision of installation
and connection of the Products to existing wiring. )
12.4 Purchaser's Obligations. Purchaser shall, at its expense, provide all
proper and necessary labor and materials for plumbing service, carpentry work,
conduit wiring, and other preparations required for such installation and
connection. All such labor and materials shall be completed and available at
the time of delivery of the Products by Seller. Additionally, Purchaser shall
provide free access to the installation site and, if necessary, safe and secure
space thereon for storage of Products and equipment prior to installation by
Seller. Purchaser shall be responsible, at its sole cost and expense, for
obtaining all permits, licenses and approvals required by any federal, state or
local authorities in connection with the installation and operation of the
Products, including but not limited to any certificate of need and zoning
variances. Purchaser shall provide a suitable environment for the Products and
shall ensure, at its sole cost and expense, that its premises are free of
asbestos, hazardous conditions and any concealed, unknown or dangerous
conditions and that all site requirements are met. Seller shall delay its work until
Purchaser has completed the removal of any asbestos or other hazardous
materials or has taken any other precautions and completed any other work
required by applicable regulations. Purchaser shall reimburse Seller for any
increased costs and expenses incurred by Seller that are the result of or are
caused by any such delay. In the event that Seller is requested to supervise
the installation of the Products, it remains the Purchaser's responsibility to
comply with local regulations. Seller is not an architect and all drawings
furnished by Seller are not construction drawings.

12.5 Regulatory Reporting. In the event that any regulatory activity is
performed by anyone other than Seller's authorized personnel, then Purchaser
shall be responsible for fulfilling any and all reporting requirements.

12.6 Completion of Installation. Installation shall be complete upon the
conclusion of final calibration and checkout under Seller’s standard procedures
to verify that the Products meet applicable written performance specifications.
Notwithstanding the foregoing, first use of the Products by Purchaser, its
agents or employees for any purpose after delivery shall constitute completion
of installation.

13. PATENT, COPYRIGHT AND OTHER INFRINGEMENT
CLAIMS

13.1 Infringement by Seller. Seller warrants that the Products manufactured
by Seller and sold hereunder do not infringe any U.S. patent or copyright. If
Purchaser receives a claim that any such: Products, or parts thereof, infringe
upon the rights of others under any U.S. patent or copyright, Purchaser shall
notify Seller immediately in writing. As to all infringement claims relating to
Products or parts manufactured by Seller or one of its affiliates:

(a) Purchaser shall give Seller information, assistance and exclusive
authority to evaluate, defend and settle such claims.

{b) Seller shall then, at its own expense, defend or settle such claims,
procure for Purchaser the right to use the Products, or remove or modify them
to avoid infringement. If none of these alternatives is available on terms
reasonable to Seller, then Purchaser shall return the Products to Seller and
Seller shall refund to Purchaser the purchase price paid by Purchaser less
reasonable depreciation for Purchaser's use of the Products. The foregoing
states Seller's entire obligation and liability, and Purchaser's sole remedy, for
claims of infringement.

13.2 Infringement by Purchaser. If some or all of the Products sold
hereunder are made by Seller pursuant to drawings or specifications furnished
by Purchaser, or if Purchaser modifies or combines, operates or uses the
Products other than as specified by Seller or with any product, data, software,
apparatus or program not provided or approved by Seller, then the indemnity
obligation of Seller under Section 13.1 shall be null and void and should a claim
be made that such Products infringe the rights of any third party under patent,
copyright or otherwise, then Purchaser shall indemnify, defend and hold Seller
harmless against any liability or expense, including reasonable attorneys’ fees,
incurred by Seller in connection therewith.

TRADE

14. DESIGNS AND LICENSE;

CONFIDENTIALITY

141 Any drawings, data, designs, software programs or other technical
information supplied by Seller to Purchaser in connection with the sale of the
Products are not included in the sale of the Products to Purchaser, shali remain
Seller's property and shall at all times be held in confidence by Purchaser.
Such information shall not be reproduced or disclosed to others without Seller's
prior written consent.

14.2 For all goods purchased hereunder which utilize software for their
operation, such "Applications Software" shall be licensed to Purchaser under
the terms of Seller's Software License Schedule attached hereto.

SECRETS;
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14.3  Diagnostic/Maintenance Software is not included under Section 14.2
above, is available only as a special option under a separate Diagnostic
Materials License Agreement, and may be subject to a separate licensing fee.
14.4 Seller and Purchaser shall maintain the confidentiality of any information
provided or disclosed to the other party relating to the business, customers
and/or patients of the disclosing party, as well as this Agreement and its terms
(including the pricing and other financial terms under which the Purchaser will
be purchasing the Products). Each party shall use reasonable care to protect
the confidentiality of the information disclosed, but no less than the degree of
care it would use to protect its own confidential information, and shall only
disclose the other party’s confidential information to its employees and agents
having a need to know this information. The obligations of confidentiality set
forth herein shall not apply to any information in the public domain at the time of
disclosure or that is required to be disclosed by court order or by faw.

15. ENGINEERING CHANGES

15.1 Seller makes no representation that engineering changes which may be
announced in the future will be suitable for use on, or in connection with, the
Products.

16. ASSIGNMENT

16.1 Neither party may assign any rights or obligations under this Agreement
without the prior written consent of the other and any attempt to do so shall be
void, except that Seller may assign this Agreement without consent to any
subsidiary or affiliated company, and may delegate to authorized
subcontractors or service suppliers any work to be performed under this
Agreement so long as Seller remains liable for the performance of its
obligations under this Agreement. This Agreement shall inure to and be binding
upon the parties and their respective successors, permitted assigns and legal
representatives. Seller shall have no obligations under this Agreement to any
assignee of Purchaser that is not approved by Seller in advance.

17. COSTS AND FEES

17.1 In the event that any dispute or difference is brought arising from or
relating to this Agreement or the breach, termination or validity thereof, the
prevailing party shall be entitled to recover from the other party all reasonable
attorneys' fees incurred, together with such other expenses, costs and
disbursements as may be allowed by law. .

18. MODIFICATION
18.1 This Agreement may not be changed, modified or amended except in
writing signed by duly authorized representatives of the parties.

19. GOVERNING LAW; WAIVER OF JURY TRIAL

19.1 This Agreement shall be governed by the laws of the Commonwealth of
Pennsylvania.

19.2 EACH OF THE PARTIES EXPRESSLY WAIVES ALL RIGHTS TO A
JURY TRIAL IN CONNECTION WITH ANY DISPUTE UNDER THIS
AGREEMENT.
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20. COST REPORTING

20.1 Purchaser agrees that it will fully and accurately account for and report in
all cost reports and otherwise fully and accurately disclose to federal and state
health care program payors and fully and accurately reflect where and as
appropriate to the applicable reimbursement methodology, all services and
other items, including any and all discounts, received from Seller under this
Agreement, in compliance with all applicable laws, rules and regulations,
including but not limited to the Social Security Act and implementing regulations
relating to Medicare, Medicaid and other federal and state health care
reimbursement programs.

21. INTEGRATION

21.1 These terms and conditions, including any attachments or other
documents incorporated by reference herein, constitute the entire agreement
and the complete and exclusive statement of agreement with respect to the
subject matter hereof, and supersede any and all prior agreements,
understandings and communications between the parties with respect to the
Products. -

22, SEVERABILITY; HEADINGS

22.1 No provision of this Agreement which may be deemed unenforceable will
in any way invalidate any other portion or provision of this Agreement. Section
headings are for convenience only and will have no substantive effect.

23. WAIVER

23.1 No failure and no delay in exercising, on the part of any party, any right
under this Agreement will operate as a waiver thereof, nor will any single or
partial exercise of any right preclude the further exercise of any other right.

24, NOTICES

24.1 Any notice or other communication under this Agreement shall be deemed
properly given if given in writing and delivered in person or mailed, properly
addressed and stamped with the required postage, to the intended recipient at
its address specified on the face hereof. Either party may from time to time
change such address by giving the other party notice of such change in
accordance with this section.

25. RIGHTS CUMULATIVE

25.1 The rights and remedies afforded to Seller under this Agreement are in
addition to, and do not in anyway limit, any other rights or remedies afforded to
Seller by any other agreement, by law or otherwise.

26. END USER CERTIFICATION

26.1 Purchaser represents, warrants and covenants that it is acquiring the
Products for its own end use and not for reselling, leasing or transferring to a
third party (except for lease-back financings).

03/2012 Rev
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Software License Schedule
to the Siemens Medical Solutions USA, Inc. General Terms and Condltlons

1. DEFINITIONS: The following definitions apply to this Schedule:
“Agreement” shall mean the attached (i) Quotation for Products and/or
Services including the Terms and Conditions of Sale and applicable
schedules; and/or (ji) Software License Agreement describing the software
licensed herein and the specific system for which the license is issued.
“Licensor”’ shall mean Siemens Medical Solutions USA, Inc.

‘Licensee” shall mean the end-user to whom Licensor provides Software or
Documentation for its internal use under the Agreement.

“‘Software” shall mean the software described in the attached Agreement,
including the following as contained therein: (i) software programs consisting
of a series of statements or instructions to be used directly or indirectly in a
programmable controller or computer to bring about a certain result and (ji)
databases consisting of systemized collections of data to be used or
referenced directly or indirectly by a programmed controller or computer.
Notwithstanding the foregoing, “Software” does not include “firmware” as
such term is conventionally understood. Diagnostic/Maintenance Software
also is not included within the scope of the Software licensed under this
Schedule, and is available only as a special option under a separate
Diagnostic Materials License Agreement and may be subject to a separate
licensing fee.

“‘Documentation” shall mean the documents and other supporting materials
which are intended to support the use of an associated product, including
(but not limited to) instructions, descriptions, flow charts, logic diagrams and
listings of the Software, in text or graphic form, on machine readable or
printed media.

“Designated Unit” shall mean a single control unit or computer identified on
the first page of the Agreement, on which Software licensed hereunder may
be used by Licensee.

2. SCOPE: The following terms and conditions shall apply to all Software
and Documentation provided by Licensor to Licensee under the Agreement
(whether included with other products listed in the Agreement or listed
separately in the Agreement), together with any updates or revisions thereto
which Licensor may provide to Licensee, and all copies thereof, except any
Software and/or Documentation licensed directly by Licensor’'s supplier
under a separate end-user license agreement accompanying the Software
or the Documentation, in which case Licensee agrees to be bound by that
license agreement as’ a condition to using the Software and/or
Documentation. Except as expressly provided herein, and provided that in
no event shall the warranties or other obligations of Licensor with respect to
such Software or Documentation exceed those set forth in this Schedule,
this Schedule shall be subject to the liability limitations and exclusions and
other terms and conditions set forth in the Agreement. 'ANY USE OF THE
SOFTWARE, INCLUDING BUT NOT LIMITED TO USE ON THE
DESIGNATED UNIT, WILL CONSTITUTE LICENSEE’S AGREEMENT TO
THIS SOFTWARE LICENSE SCHEDULE (OR RATIFICATION OF ANY
PREVIOUS CONSENT).

3. SOFTWARE AND DOCUMENTATION LICENSE: Subject to the
payment of any applicable annual license fee(s), whether stated separately
or included in the purchase price of another product, and to Licensee’s
acceptance of all of the obligations set forth herein and to the fulfillment of
those obligations, Licensor or, if applicable, its licensor or supplier, hereby
grants to Licensee a paid-up, nonexclusive and nontransferable (except as
expressly provided in this Schedule) limited license to use the Software
provided by Licensor under the Agreement solely for Licensee’s own use on
the Designated Unit and to use the Documentation in support of Licensee’s
authorized use of the Software, for the purpose of operating the Designated
Unit in accordance with the instructions set forth in the user's manual
supplied with the Designated Unit and for no other purpose whatsoever. A
separate license is required for each Designated Unit on which the Software
is to be used. Licensee may obtain from Licensor one copy of the Software
licensed hereunder for backup and archival purposes only as is necessary to
support Licensee’s own authorized use of the Software, provided that
Licensee includes on or in all copies (in any form) all copyright, trade secret
or other proprietary notices contained on or in the Software as provided by
Licensor. Additional copies of the Documentation may be licensed from
Licensor at its then applicable charges. Licensee may make the Software
and Documentation (including any copies) available only to its employees
and other persons on Licensee’'s premises to whom such disclosure is
necessary to enable Licensee to use the Software or Documentation within
the scope of the license provided in this Schedule. If the Software is
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supplied to any unit or agency of the United States Government other than
the Department of Defense, the Software and Documentation are classified
as ‘restricted computer software” and the Government's rights in the
Software and Documentation shall be as provided in paragraph () (2) of the

. Commercial Computer Software-Restricted Rights clause in FAR 52.227-19

and any successor laws, rules or regulations thereto. If the Software is
supplied to the United States Department of Defense, the Software is
classified as “‘commercial computer software” and the Government is
furnished the Software and Documentation with “restricted rights” as defined
in paragraph (¢) (1) of the Rights in Technical Data and Computer Software
clause in DFARS 252.227-7013 and any successor laws, rules or
regulations thereto.

4. PROPRIETARY PROTECTION AND CONFIDENTIALITY: Ownership of
and title to the Software and Documentation and all copies, in any form,
licensed under this Schedule are and will remain in Licensor or its suppliers
at all times. Licensee shall not (i) remove any copyright, trade secret or
other proprietary right notices contained on or in the Software or
Documentation as provided by Licensor, (i) reproduce or modify any
Software or Documentation or copy thereof, (iii) reverse assemble, reverse
engineer or decompile any Software, or copy thereof, in whole or in part
(except and only to the extent that such activity is expressly permitted by
applicable law notwithstanding this limitation), (iv) sell, transfer or otherwise
make available to others the Software or Documentation, or any copy
thereof, except as expressly permitted by this Schedule, or (v) apply any
techniques to derive any trade secrets embodied in the Software or
Documentation. ' Licensee shall take all appropriate actions to ensure that:
(i) the Software does not leave the Designated Unit's equipment location as
set forth above, (ii) the Software is not copied by Licensee or any third
parties, and (jii) the Software is not used in any equipment other than the
Designated Unit. Licensee shall secure and protect the Software and
Documentation and copies thereof from disclosure and shall take such
actions with its employees and other persons who are permitted access to
the Software or Documentation or copies as may be necessary to satisfy
Licensee’s obligations hereunder. Prior to disposing of any computer
medium, computer memory or data storage apparatus, Licensee shall
ensure that all copies of Software and Documentation have been erased
therefrom or otherwise destroyed. In the event that Licensee becomes
aware that any Software or Documentation or copies are being used in a
manner not permitted by the license, Licensee shall immediately notify
Licensor in writing of such fact and if the person or persons so using the
Software or Documentation are employed or otherwise subject to Licensee's
direction and control, Licensee shall use reasonable efforts to terminate
such impermissible use. Licensee will fully cooperate with Licensor so as to
enable Licensor to enforce its proprietary and property rights in the
Software. Licensee agrees that, subject to Licensee’s reasonable security
procedures, Licensor shall have immediate access to the Software at all
times and that Licensor may take immediate possession thereof upon
termination or expiration of the associated license or this Schedule.
Licensee's obligations under this paragraph shall survive any termination of
a license, the Schedule or the Agreement.

5. UPDATES AND REVISIONS: During the warranty period or under a
separate service contract or software update subscription, revised or
updated versions of the Software licensed under this Schedule may be
made available, at Licensor's option, to Licensee to use or to test while
Licensee continues use of a previous version. Licensee has the right to
decide whether to install any such revised or updated versions or to continue
use of the previous version after giving due regard to the United States Food
and Drug Administration rules and regulations. However, Licensee shall pay
Licensor for any services necessitated by any modifications of the Software
by Licensee or by Licensee’s failure to utilize the current non-investigational
version of the Software provided by Licensor. Software updates that provide
new features or capabilities or that require hardware changes will be offered
to Licensee at purchase prices established by Licensor. Licensor retains the
sole right to determine whether an update represents an enhancement of a
previously purchased capability or a new capability for which the Licensee
will be charged. In addition, some updates may require Applications
Training performed by Licensor’s personnel that will be offered at Licensor's
prevailing rates. Licensor retains the sole right to determine whether an
update requires such training:
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6. DELIVERY, RISK OF LOSS AND TITLE: Notwithstanding the provisions
of Section 6 of the attached Terms and Conditions of Sale, if any, the
Software and Documentation licensed hereunder shall be delivered on or
about the delivery date stated in the Agreement unless a separate delivery
date is agreed upon. If Software or Documentation licensed hereunder is
lost or damaged during shipment from Licensor, Licensor will replace it at no
charge to Licensee. If any Software or Documentation supplied by Licensor
and licensed hereunder is lost or damaged while in the possession of
Licensee, Licensor will replace it at Licensor's then current applicable
charges, if any, for materials, processing and distribution. Notwithstanding
the provisions of Section 6 of the attached Terms and Conditions of Sale, if
any, the Software and Documentation, in any form, and all copies made by
Licensee, including partial copies, and all computer media provided by
Licensor are and remain the property of Licensor or its supplier. Licensee
has no right, title or interest in the Software, the Documentation, or any
computer media provided by Licensor, or copies, except as stated herein,
and ownership of any such Software, Documentation and computer media
shall at all times remain with Licensor or its suppliers.

7. LICENSE TRANSFER: The Software and Documentation, and the
license hereunder, may not be assigned, transferred or sublicensed except
as hereinafter provided. Upon the sale or lease of the Designated Unit to a
third party, Licensee may transfer to such third party, with Licensor's written
consent and in accordance with Licensor's then current policies and
charges, the license to use the Software and Documentation hereunder,
together with the Software, the Documentation, the computer media
provided by Licensor, and all copies provided that: (i) Licensee notifies
Licensor in writing of the name and address of such third party; (i) such third
party agrees in a written instrument delivered to Licensor to the terms of this
Schedule; and (iii) Licensee does not retain any copies of the Software or
Documentation in any form.

8. WARRANTIES: Licensor warrants that for the warranty period provided
by Licensor under the attached Terms and Conditions of Sale, if any, the
Software shall conform in all material respects to Licensor's published
specifications as contained in the applicable supporting Documentation.
This paragraph replaces Paragraphs 10.1 and 10.4 of any such Terms and
Conditions of Sale with respect to the Software and Documentation. Such
Documentation may be updated by Licensor from time to time and such
updates may constitute a change in specification. Licensee acknowledges
that the Software is of such complexity that it may have inherent or latent
defects. As Licensee’'s sole remedy under the warranty, Licensor will
provide services, during the warranty period, to correct documented
Software errors which ‘Licensor’'s analysis indicates are caused by a defect
in the unmodified version of the Software as provided by Licensor. Licensor
does not warrant that the Software will meet Licensee’s requirements, or will
operate in combinations which may be selected for use by Licensee, or that
the operation of the Software will be uninterrupted or error free. Licensee is
responsible for determining the appropriate use of and establishing the
limitations of the Software and its associated Documentation as well as the
results obtained by use thereof.

LICENSOR MAKES NO WARRANTY WITH RESPECT TO THE
SOFTWARE AND DOCUMENTATION OTHER THAN THOSE SET FORTH
IN THIS SECTION. THE WARRANTY HEREIN IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED
TO ANY EXPRESS OR IMPLIED WARRANTIES OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE, WHICH ARE HEREBY
DISCLAIMED, AND CONSTITUTES THE ONLY WARRANTY MADE WITH
RESPECT TO THE SOFTWARE AND DOCUMENTATION.

9. LICENSE TERM AND TERMINATION: The license for the Software and
Documentation is effective on the shipment date of the Software and
Documentation (F.O.B. shipping point or F.A.S., as the case may be) and
continues until Licensee’s possession of the Software and all copies ceases
(except in connection with a transfer of the license as permitted by this
Schedule) or until otherwise terminated as provided herein. Licensee may
terminate the license for the Software and Documentation at any time after
discontinuance of use of the Software and Documentation and all copies,
upon written notice to Licensor. If Licensee (i) fails to comply with its
obligations herein and does not cure such failure within ten (10) days after
receipt of notice from Licensor, or (ii) attempts to assign the Agreement or
this Schedule or any rights or obligations hereunder without Licensor's prior
written consent, then Licensor may terminate the license hereunder and
require the immediate discontinuance of all use of the Software and
Documentation and all copies thereof in any form, including modified
versions and updated works. Within five (5) days after the termination of the
license, Licensee shall, at Licensor's option either: (i) return to Licensor the
Software and Documentation, and all copies, in any form, including updated
versions, along with any computer media provided by Licensor; or (ii)
destroy the affected Software and Documentation, and all copies, in any
form, including updated versions, and certify such return or destruction in
writing to Licensor.

Created: 9/10/2012 2:11:00 PM
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10. MISCELLANEOUS: Since the unauthorized use of the Software and/or
Documentation may leave Licensor without an adequate remedy at law,
Licensee agrees that injunctive or other equitable relief will be appropriate to
restrain such use, threatened or actual. Licensee further agrees that to the
extent applicable, () any of Licensor's suppliers of Software and/or
Documentation is a direct and intended beneficiary of this Schedule and
may enforce it directly against Licensee with respect to the Software and/or
Documentation provided by such supplier, and that (i) NO SUPPLIER OF
LICENSOR SHALL BE LIABLE FOR ANY GENERAL, SPECIAL, DIRECT,
INDIRECT, CONSEQUENTIAL, INCIDENTAL OR OTHER DAMAGES
ARISING OUT OF ANY SUBLICENSE OF THE SOFTWARE AND/OR
DOCUMENTATION. THIS LIMITATION ON LIABILITY SHALL APPLY
EVEN IF ANY REMEDY FAILS OF ITS ESSENTIAL PURPOSE.

11. ADDITIONAL PROVISIONS RELATING TO THIRD-PARTY
SOFTWARE: If the Software includes software licensed by Licensor from
third parties, the following additional provisions shall apply:

(a) If Software is provided by Licensor on separate media and labeled
“Recovery Media,” Licensee may use the Recovery Media solely to restore
or reinstall the Software and/or Documentation originally installed on the
Designated Unit.

(b) Licensee is licensed to use the Software to provide only the limited
functionality (specific tasks or processes) for which the Designated Unit has
been designed and marketed by Licensor. This license specifically prohibits
any other use of the software programs or functions, or inclusion of
additional software programs or functions that do not directly support the
limited functionality, on the Designated Unit. If Licensee uses the
Designated Unit to access or utitize the services or functionality of Microsoft
Windows Server products (such as Microsoft Windows NT Server 4.0 (all
editions) or Microsoft Windows 2000 Server (all editions)), or uses the
Designated Unit to permit workstation or computing devices to access or
utilize the services or functionality of Microsoft Windows Server products,
Licensee may be required to obtain a Client Access License for the
Designated Unit and/or each such workstation or computing device.
Licensee should refer to the end user license agreement for its Microsoft
Windows Server product for additional information.

(c) The Software may contain support for programs written in Java. Java
technology is not fault tolerant and is not designed, manufactured, or
intended for use or resale as online control equipment in hazardous
environments requiring fail-safe performance, such as in the operation of
nuclear facilities, aircraft navigation or communication systems, air traffic
control, direct life support machines, or weapons systems, in which the
failure of Java technology could lead directly to death, personal injury, or
severe physical or environmental damage. Sun Microsystems, Inc. has
contractually obligated Licensor’s supplier to make this disclaimer.

(d) The Software may permit Licensor, its supplier(s), or their respective
affiliates to provide or make available to Licensee Software updates,
supplements, add-on components, or Internet-based services components
of the Software after the date Licensee obtains its initial copy of the Software
(“Supplemental Components”).

- If Licensor provides or makes available to Licensee Supplemental
components and no other end-user software licensing agreement terms are
provided along with the Supplemental Components, then the terms of this
Software License Schedule shall apply.

- If a supplier of Licensor or affiliates of such a supplier make available
Supplemental Components, and no other end-user software licensing
agreement terms are provided, then the terms of this Schedule shall apply,
except that the supplier or afiiliate entity providing the Supplemental
Component(s) shall be the licensor of the Supplemental Component(s).
Licensor, its supplier(s), and their respective affiliates reserve the right to
discontinue any Internet-based services provided to Licensee or made
available to Licensee through the use of the Software.

() The Software and Documentation supplied by Licensor's
suppliers are provided by such suppliers “AS 1S” and with all faults.
SUCH SUPPLIERS DO NOT BEAR ANY OF THE RISK AS TO
SATISFACTORY QUALITY, PERFORMANCE, ACCURACY, OR EFFORT
(INCLUDING LACK OF NEGLIGENCE) WITH RESPECT TO SUCH
SOFTWARE AND DOCUMENTATION. ALSO, THERE IS NO WARRANTY
BY SUCH SUPPLIERS AGAINST INTERFERENCE WITH LICENSEE'S
ENJOYMENT OF THE SOFTWARE OR AGAINST INFRINGEMENT. IF
LICENSEE HAS RECEIVED ANY WARRANTIES REGARDING THE
DESIGNATED UNIT OR THE SOFTWARE, THOSE WARRANTIES DO
NOT ORIGINATE FROM, AND ARE NOT BINDING ON, LICENSOR’S
SUPPLIERS.

(f) Licensee acknowledges that portions of the Software are of U.S. origin.
Licensee agrees to comply with all applicable international and national laws
that apply to the Software, including the U.S. Export Administration
Regulations, as well as applicable end-user, end-use and destination
restrictions issued by U.S. and other governments. For additional

Page 11 of 13
000200 (12/05/13)



SIEMENS

Siemens Medical Solutions USA, Inc.

51 Valley Stream Parkway, Malvern, PA 19355 : SIEMENS REPRESENTATIVE
(” Fax: (781) 203-6025 ; John Hubbard - (603) 801-4879
information on exporting software supplied by Microsoft, see Revised 03/15/05

hitp://iwww.microsoft.com/exporting/.
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Fax: (781) 203-6025

Product

(New Systems and "Proven

Excellence" Refurbished
Systems Only)

MI-SPECT System or MI-PET

~System (not including
radioactive sources and
consumables)

MI Warranty Information

Period of Warranty’

12 month

Coverage

Full Warranty
(parts & labor
including ALL CT
tubes)

Post-Warranty (after expiration of system warranty) — Replacement parts only:

Straton CT tubes

Dura Akron Q CT tubes

All other Dura CT tubes

Spare Parts
Radioactive Sources

Consumables

Note: Optional extended warranty coverage can be obtained by purchase of a service agreement.

Prorated to a maximum
of 160,000 scan-
seconds or 12 months
whichever occurs first

Prorated to a maximum
of 120,000 scan-
seconds or 12 months
whichever occurs first

Prorated to a maximum
of 130,000 scan-
seconds or 12 months
whichever occurs first

6 month

Not covered »

Not covered

Prorated credit given to
customer against
replacement cost

Prorated credit given to
customer against
replacement cost

Prorated credit given to
customer against
replacement cost

Parts only

SIEMENS REPRESENTATIVE
John Hubbard - (603) 801-4879

credit percentage =
(160,000 — scan-seconds used) /
160,000*100

credit percentage =
(120,000 — scan-seconds used) /
120,000%100

credit percentage =
(130,000 — scan-seconds used) /
130,000*100

1 Period of warranty commences from the date of first use or completion of installation, whichever occurs first. In the event the completion of
installation is delayed for reasons beyond Siemens' control, the stated Warranty period shall commence 60 days after delivery of equipment.
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STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH
Office of Health Care Access

December 26, 2013

VIA FAXONLY

Barbara A. Durdy

Director, Strategic Planning
Hartford Healthcare

181 Patricia Genova Drive
Newington, CT 06111

RE:  Certificate of Need Apphcatlon Docket Number 13-31878-CON
Hartford Hospital
Acquisition of One SPECT-CT Scanner

Dear Ms. Durdy:

On December 5, 2013, the Office of Health Care Access (“OHCA™) received your Certificate of
Need (“CON”) application filing on behalf of Hartford Hospital (“Applicant”) proposing to
acquire one Single Photon Emission Computed Tomography-Computed Tomography (“SPECT-
CT”) scanner, with a total associated cost of $850,000.

OHCA has reviewed the CON application and requests the following additional information
pursuant to General Statutes §19a-639a(c).

1. Please revise and resubmit Financial Attachment 1 to include a following:
a. Add a column with fiscal year 2013 actual results
b. Please be sure to include any and all financial assumptions related to the Financial
Attachment 1 :

In responding to the questions contained in this letter, please repeat each question before
providing your response. Paginate and date your response, i.e., each page in ifs entirety.
Information filed after the initial CON application submission (i.e. completeness response letter,
prefile testimony, late file submissions and the like) must be numbered sequentially from the
Applicant’s document preceding it. Please begm your submission using Page 206 and reference
“Docket Number: 13-31878-CON.” Submit one (1) original and three (3) hard copies of your
response. In addition, please submit a scanned copy of your response, in an Adobe format (.pdf)
including all attachments on CD. If available, a copy of the response in MS Word should also be
copied to the CD.

An Equal Opportunity Provider
(If you require aid’'accommodation to participate fully and fairly, contact us either by phone, fax or email)
410 Capitol Ave., MS#13HCA, P.O.Box 340308, Hartford, CT 06134-0308
Telephone: {860) 418-7001  Fax: (860) 418-7053 Email: OHCA@ct.gov




Yale-New Haven Hospital December 26, 2013
Docket No.: 13-31878-CON Page 2 of 2

Pursuant to Section 19a-639a(c) of the Connecticut General Statutes, you must submit your
response to this request for additional information not later than sixty days after the date that this
request was transmitted. Therefore, please provide your written responses to OHCA no later than
February 24, 2014, otherwise your application will be automatically considered withdrawn. If
you have any questions concerning this letter, please feel free to contact me by email or at (860)
418-7007.

Sincerely,
Alla Veyberman '
Health Care Analyst
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SHIPMAN & GOODWIN..-»

COUNSELORS AT LAW

Joan W. Feldman
Phone: 860-251-5104
Fax: 860-251-5211

Jeldman@goodwin.com

January 21, 2014 N 2 2o

Alla Veyberman

Health Care Analyst
Department of Public Health ' |
Office of Health Care Access i
410 Capital Avenue, MS#13 HCA

P.O. Box 340308 :

Hartford, Connecticut 06134-0308

Re:  Certificate of Need Application: Docket Number 13-31878-CON
Hartford Hospital
Acquisition of SPECT/CT Scanner

Dear Ms. Veyberman:

On behalf of Hartford Hospital (the “Applicant™), enclosed please find the original and 3 hard
copies of the Applicant’s responses to your: (1) Certificate of Need Completeness Letter dated
December 26, 2013; and (2) Supplemental Questions Email dated January 16, 2014. As
requested, [ have also included a CD with a scanned copy of the Applicant’s entire response, and
electronic versions of any Microsoft Word or Excel documents, as applicable.

Please do not hesitate to contact me at 860-251-5104 if you have any questions.

Sincerely,

*’)im@@fw -

W. Feldman

Enclosures

000209 (1/21/2014)
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Hartford Hospital
Docket Number 13-31878-CON
Completeness Letter Responses

Responses to Certificate of Need Completeness Letter dated December 26, 2013

1. Please revise and resubmit Financial Attachment 1 to include the following;:

a. Add a column with fiscal year 2013 actual results

Please see Exhibit 13 for revised Financial Attachment 1, which includes a column

for Fiscal Year 2013 actual results.

b. Please be sure to include any and all financial assumptions related to the Financial

Attachment 1

We have included any and all financial assumptions related to Financial Attachment

1 as noted below:

e Other than the change in depreciation expense due to the replacement of a

fully depreciated unit there are no expected changes in revenues and expenses

as a result of the acquisition of the replacement unit.

e Depreciation of Fixed Assets to be acquired under this Certificate of Need has

been calculated based on expected useful life of the assets as follows:

Capital Asset Depreciable life Annual
Depreciation
Renovation/Construction $364,500 15 $24,300
Costs
Medical Equipment $481,500 7 $68,786
Furniture $4,000 12 $333
Totals $850,000 $93,419
3174018v2
000210

(1/21/2014)




Hartford Hospital
Docket Number 13-31875-CON
Completeness Letter Responses

Responses to_Certificate of Need Supplemental Questions of the Completeness Letter dated
January 16, 2014

1. Please address the following regarding the hospital’s Medicaid population:

a.  Provide evidence as to how the hospital has demonstrated that this proposal will
improve the quality, accessibility and cost effectiveness of health care delivery in the
region, including but not limited to: |

1. provision of any change in the access to services for Medicaid recipients and
indigent persons, and

There will be no change in access for the patient population served by this
proposal, in particular Medicaid patients, except that they will be better served
with new and more technologically advanced equipment. The Hospital’s payer
mix will not change as a result of this proposal and it is inevitable that Medicaid
patients will benefit equally as a result of this proposal.

it. the impact on the cost effectiveness of providing access to services provided under
the Medicaid program.

As previously mentioned, the Siemens Symbia T SPECT/CT camera is a
replacement for a SPECT camera at the end of its useful life which will be removed
when the new camera is installed, thus avoiding daplication of equipment. The
new SPECT/CT camera will perform the same diagnostic study (myocardial
perfusion imaging) as the old SPECT camera it is replacing only with more
advanced technology, thereby avoiding duplication of services while providing
higher quality more reliable imaging,

2. Provide the hospital’s past and proposed provision of health care services to relevant patient
populations and payer mix, including, but not limited to, access to services by Medicaid
recipients and indigent persons.

Hartford Hospital has always served and will continue to serve all patients regardless of
ability to pay or type of health insurance. As previously stated, the Hospital’s payer
mix will go unchanged as a result of this proposal and this proposal is not in any way
focused on limiting access to Medicaid or indigent patients.

3. If the Hospital has failed to provide or reduced access to services for Medicaid recipients or
indigents persons, demonstrate how the Hospital has done this due to good cause or
demonstrate that it was not solely on the basis of differences in reimbursement rates between
Medicaid and other health care payers.

Not applicable.

3174018v2
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