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Hospital for Special Surgery

Beguisition & Installation of an MRI in Stamford

Application Checklist

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.

For OHCA Use Only:

Note:

Docket No.: &~ 31 4¥ 0o Check No.: €5g 95¢

.

OHCA Verified by: .f/?' 3 Date: < fl .-B!lf iz
e

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 requesis
that the Applicant fax a courtesy copy to OHCA (860) 428-
7053, at the time of the publication)

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

Attached are completed Financial Attachments I and II.

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 chea@ct.gov.

Important: For CON applications(less than 50 pages) filed

X
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electronically through email, the singed affidavit and the check
in the amount of $500 must be delivered to OHCA in hardcopy.

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.



............................................... LR T = L\ T T T S e T e
JPM Ch Bank, N.A. 1-2
R == CHECK NUMBER 858956

CHECK DATE 07/10/12

535 East 70th Street, New York, NY 10021

L_ AMOUNT
FIVE HUNDRED AND 00/7100 ‘F s

|
|
*******500-00 I
1

L

FAY 1D THE TREASURER, STATE OF CT ( L2
ORDER OF: . g ! /
MUTLORIZED SIGN RES

"O0000A858856 1:.0230000ck: BEbkbm B0 cHE81"

THE HOSPITAL FOR SPECIAL SURGERY 535 East 70th Streete New York, New York 10021
INVOICE NO. | INVOICE DATE PO NUMBER INVOICE AMT | DISCOUNT AMT NET AMOUNT

10862 07/03/12 STAMFORD MR! CON APPLICATION FILING FBE 500.00 0.00 500.00
CHECK REQUEST # 10862

VENDOR NO..| VENDOR NAME i | CHECK NO.

999000691 TREASURER, STATE OF CT 8580956
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TOTAL
500.00




HOSPITAL FOR SPECIAL SURGERY
535 EAST 70TH STREET
NEW YORK NY 10021

LEGAL NOTICE

Mew York Soolety for the Relief of tha Ruptured and Grippled, maintain-
ing the Hoespital for Sgecial Surgery is applying for a Certificate of Need
pursuant o seotion 192-638 of the general statutes. The proposal Is for
the acquisition of a 1.5 Tesla Magnetic Resonance Imaging Scanner to
e located at 1 Blachley Road, Stamford, CT 06902 in a limited service
oulpatient radiology satellite center intended 1o sorve patients of the ap-
leglicaslnt‘ffsmg{*‘qrsk:iam,. The total capital expenditure for the project Is
3,200,
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THE ADVOCATE

9 Riverbend Drive South
Building 9A
P.0. Box 4910

Stamford, CT 06907-0910
Telephone; 203-330-6208

Fax: 203-384-1168
l.egal.notices@scni.com

THE ADVOCATE
CERTIEICATE OF PUBLICATION

I,(S%Qwu .} b

Reing duly sworn, depose
say that I am a Representative
in the employ of SOUTHERN
CONNECTICUT NEWSPAPERS, INC.,
Publisher of The Advocate and
Greenwich Time, that a LEGAL
NOTICE as stated below

was published in THE ADVOCATE,

Subscribed and sworn to before
me on this 8.th Day of August,
A D, 2012,

‘Pamela Caluori/Notary Public

My commissien expires on
January 2013

PO Numbsay

Publication
Stamford Advocate
Ad Number
0001 778176-01

Ad Cagtion
LEGAL NOTICE New York Socl

Publication Schedule

6/26/2012, 6/27/2012, 6/28/2012




AFFIDAVIT

Applicant: New York Society for the Relief of the Ruptured and Crippled,
maintaining the Hospital for Special Surgery (“Hospital for Special
Surgery” or “HSS")

Project Title: Acquisition and installation of an MRI in Stamford

I, Louis A. Shapiro, President & CEQ
(Individual's Name) (Position Title — CEO or CFO)

of Hospital for Special Surgery being duly sworn, depose and state that
(Hospital or Facility Name)

Hospital for Special Surgery’s information submitted in this Certificate of
(Hospital or Facility Name)

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

Subscribed and sworn to before me on g{ q { ( 2

Notary Public/Commissioner of Superior Court

My commission expires:

FRANCINE GONZALEZ
Notary Public, State of New York
No. 01G0O6060038
Qualified in Dutchess County
Commission Expires June 11, 2018
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’Mnsr,,ur >

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:
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TBD

New York Society for the Relief of the Ruptured
and Crippled, maintaining the Hospital for Special
Surgery

Stacey L. Malakoff

Executive Vice President/CFO

535 East 70" Street
New York, NY 10021

(212) 606-1239

(212) 774-2620

MalakoffS@hss.edu
Stamford
Acquisition and installation of an MRI in Stamford

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

$3,245,583



1. Project Description: Acquisition of Equipment
a. Please provide a narrative detailing the proposal.

In an effort to better serve its patients, the New York Society for the Relief of the
Ruptured and Crippled, maintaining the Hospital for Special Surgery (“HSS” or
the “Hospital”), located at 535 East 70" Street, New York, New York 10021, is
submitting this Certificate of Need (“CON”) application for approval to purchase a
1.5 Tesla Magnetic Resonance Imaging (“MRI’’) unit, as well as perform related
renovations to accommodate the new machine at 1 Blachley Road, Stamford,

Connecticut.

HSS currently provides physician services, diagnostic x-ray and fluoroscopic
guidance imaging services at 143 Sound Beach Avenue, in Old Greenwich. HSS has
obtained a determination letter from OHCA that no CON is required for the
Hospital to conduct these services. HSS plans to relocate and expand these services
to the above address in Stamford. This will enable more of our current Connecticut

and Westchester patients to see their doctors and receive services closer to home.

HSS is ranked #1 in the nation for Orthopedics and #3 for Rheumatology by
U.S.News and World Report in its 2012 “Best Hospitals” issue marking the 22"
consecutive year that HSS has been among the top ranked Hospitals in these fields.
A Kkey ingredient to the quality of care that HSS patients receive is the
musculoskeletal imaging and magnetic resonance imaging performed at HSS. MRI
is an essential diagnostic tool for HSS’s physicians. HSS has developed proprietary

protocols for MRI scans which then are further customized to meet the needs and
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specifications of each patient and their physician. This allows each physician to
maximize the usefulness of the MRI as a tool for diagnosis and development of a
treatment plan. HSS has also developed proprietary new applications for MRI for
musculoskeletal conditions, and is one of the world’s leading institutions in
musculoskeletal MRI innovations. In order to take advantage of these protocols and

applications, the majority of HSS physicians prefer to have an HSS MRI.

HSS is seeking to locate an MRI in Stamford to provide better access to its
proprietary and customized MRI scans for its many patients in Connecticut and
nearby Westchester who currently travel to HSS’s location in Manhattan to receive
MRIs. Such patients currently receive approximately 3,250 MRI scans annually at
HSS’s locations in Manhattan, where HSS operates ten MRIs at two locations
pursuant to CONs issued by New York State. The proposal will not impact the
volumes of current Connecticut MRI providers because (i) HSS will be using its
Stamford-based MRI to service its own patients who are now being served in
Manhattan, (ii) such patients will almost immediately fill the capacity of the
proposed Stamford MRI, and (iii) HSS’s Stamford based MRI will not be marketed
to non-HSS physicians or their patients. This proposal, if granted, will free up
capacity at HSS’s Manhattan locations and alleviate current issues with MRI
backlog. A similar proposal with similar objectives for an MRI at a satellite facility

in Long Island has been approved by New York State.

HSS CON PAGE 7



b. Provide letters that have been received in support of the proposal.
Attachment | contains letters of support for the project.

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

The proposed MRI unit would be a GE Discovery MR450w 1.5 Tesla 32 channel
model.

d. List each of the Applicant’s sites and the imaging modalities and other services

currently offered by location.

While the Hospital is currently licensed to operate eleven MRIs in New York, it
operates no MRI imaging sites in Connecticut and this proposed MRI acquisition
would be the first outside of the State of New York. The current MRI sites are the
Main Hospital (535 East 70™ Street, New York, NY 10021), a satellite Manhattan
site (429 East 75™ Street, New York, NY 10021) and a Long Island site (333 Earle
Ovington Blvd, Uniondale, NY 11553) approved but not yet operational. Of the
Hospital’s 11 MRI units, three are 3.0 tesla units and the remaining eight are 1.5

tesla units. All HSS MRI units are closed units.

Background on the Hospital

Founded in 1863, HSS is a musculoskeletal specialty hospital predominantly focused
on Orthopedics, Rheumatology, Rehabilitation and Pain Management of related
disorders. HSS is a not-for-profit, acute care, academic medical center located on
the Upper East Side of Manhattan whose mission is to provide the highest quality
patient care, improve mobility, and enhance the quality of life for all and to advance
the science of orthopedic surgery, rheumatology, and their related disciplines

through research and education. Recognized as a leader in Orthopedics and
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Rheumatology around the world, HSS has been among the top ranked hospitals for
orthopedics and rheumatology in U.S.News & World Report in its “Best Hospitals”
issue for 22 consecutive years. Most recently for the 2012 rankings, HSS ranked
first in the nation in orthopedics and third in rheumatology. HSS has earned a 3"
Magnet Nursing Designation by the American Nurses Credentialing Center, and
HSS is one of 27 organizations world-wide to receive a Gallup best workplace award
in 2012 in recognition of its extraordinary ability to create an engaged workplace
culture. HSS is the only hospital in New York State with infection rates significantly
lower than the state average for hip replacements for three consecutive years (2008
— 2010; most recently available data) and ranks in the 99" percentile on the Press
Ganey survey in “likelihood to recommend the Hospital to others.” The HSS
Department of Orthopedics serves as the Department of Orthopedics for Weill
Cornell Medical College and all other members of the HSS medical staff serve as
faculty at the Medical College in disciplines such as medicine, anesthesiology,
radiology, neurology, and pathology. Members of HSS’s medical staff serve as team
physicians for major professional sports teams, including the New York Giants,
New York Mets, New York Knicks, New York Liberty, and the New York Red
Bulls, as well as the athletic programs of several local colleges. During 2011, HSS
performed over 25,000 surgeries and had over 300,000 outpatient visits for non-
surgical services such as radiology (diagnostic and interventional), rehabilitation,

neurology, and laboratory.

Many of the patients treated by HSS and its medical staff require diagnostic

imaging services. MRI is an integral component of HSS’s Department of Radiology
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and Imaging, which also provides diagnostic and treatment services in X-Ray,

Computerized Tomography and Ultrasound.

HSS’s Education Division trains over 115 residents and fellows, along with
approximately 200 residents and fellows that rotate to HSS from other institutions
in the U.S. and abroad as well as over 250 medical, physical therapy, nursing and
public health and health care administration students. The active Alumni
Association (consisting of graduates from HSS programs) spans the globe with over

1,100 members located in 47 U.S. states and 33 foreign countries.

HSS’s Research Division occupies an influential position in the world of
musculoskeletal science. Based on a solid foundation built on significant
musculoskeletal patient volume, excellent clinical care, and a strong team of
scientists and clinicians, its major goal is to translate research and discoveries into

new technologies that improve patient care and outcomes.

Patients seek the internationally recognized and specialized care of HSS from a
broad geographic service area. Percentage of volume by region is summarized in
the table below.

Inpatients Ambulatory Surgery

2011 2010 2011 2010
Manhattan 15%  15% 28% 30%
Other NYC Boroughs 18%  19% 17% 17%
Long Island 18%  18% 14% 13%
Fairfield CT/Lower Hudson Valley 15%  16% 16% 15%
Northern NJ 19%  18% 16% 15%
All other (domestic and international) 15%  14% 9% 10%
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HSS Volume Growth

Illustrated below is the five-year growth from 2007 to 2011 for inpatient,
ambulatory surgery and MRI volume, as well as six months year-to-date actual for

2012 compared to the same period in 2011.

First Six Growth- 2007 to

Full Year Months 2011
Increase
2007 2011 | 2011 2012 | Total Annual | 2011 -2012
HSS Totals:
Admissions 10,509 13,311| 6,835 7,162 | 26.7% 6.1% 4.8%
Ambulatory Surgeries 16,594 20,043 ] 10,131 10,897 | 20.8% 4.8% 7.6%
MRI Scans 19,623 28,316 | 14,015 15,901 | 44.3% 9.6% 13.5%

All of Connecticut &
Westchester within 15
miles of Stamford:

Admissions 898 1,235 630 615 | 37.5% 8.3% (2.4%)
Ambulatory Surgery 1,731 2,089 1,052 1,114| 20.7% 4.8% 5.9%
MRI Scans 1,747 2,887 1,409 1,625]| 65.3% 13.4% 15.3%

This volume growth has been achieved throughout HSS’s broad geographic service
area and has been driven by many factors, including:

v' Continued and growing acceptance of joint replacement, spine surgery,
sports medicine, and other Orthopedic procedures due to new technologies
and capabilities, superior devices and implants, high success rates, and quick
recovery periods

v' The general aging of the population is a favorable demographic trend for the

overall growth of Orthopedics and Rheumatology
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v' A growing number of younger individuals are electing to have Orthopedic
procedures in order to maintain their active lifestyles

v" The number of revision surgeries to replace implants that have reached the
end of their useful life is expected to increase significantly due to the
significant growth in primarily joint replacements since 1980, and longer life

expectancies

To accommodate this growth and demand, HSS has expanded its number of beds,
operating rooms, MRIs and other patient care services. Since the end of 2007, the
number of operating rooms has grown from 27 to 35, the number of inpatient beds

has increased from 162 to 205, and the number of MRIs has increased from 7 to 11.

Demand for HSS’s services is expected to continue to increase over the remainder of
the decade (4% - 5% annual growth projected), continuing to create patient care
capacity challenges. A key component to HSS’s strategic plan is developing offsite
locations to enable HSS patients in the applicable communities near the site to see

their doctors and receive services closer to home.
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2. Clear Public Need

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

It is important to note that this proposal primarily involves a shift of location for
MRI scans currently performed on patients residing in Connecticut and
Westchester at HSS’s main campus in Manhattan. The proposed site provides a
convenient location in closer proximity to the homes of these patients. This
decanting of MRI volume will in turn free up needed capacity in Manhattan. The
proposed MRI unit will be utilized by HSS physicians on their patients from
Connecticut and nearby towns in New York State who would otherwise travel to
New York City to obtain their MRI scans at HSS in Manhattan. These scans are
read by HSS radiologists and the referring physicians would continue to rely on the
HSS Department of Radiology and Imaging’s specialization in orthopedic-focused
scans that limit the use of contrast injections and provide a high level of specialized
sequences, improving both conservative and surgical planning and overall patient
outcomes. Historical information summarized below indicates sufficient need for an
HSS MRI in Connecticut to accommodate HSS patients in Connecticut and
Westchester county currently receiving their MRI scans in New York City. The
new MRI unit is expected to be utilized at full capacity almost immediately based on

this historical volume alone.

The determination of need and projected volume for the proposed MRI service
involved 1) identification of the patient service area, and 2) current MRI utilization

within the service area by the applicable HSS physician population.
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HSS Serving Patients in Connecticut and Westchester County (within
15 miles of Stamford)

For the three-year period from 2009 to 2011, nearly 17,000 residents (9,000 from
Connecticut) had approximately 54,000 encounters at HSS in NYC (29,000 for
Connecticut residents). Each point on the scatter chart below represents one of

these residents.

Crompond
Golden’'s Bridge

Yorktown Heights

From CT and Westchester
withinl5 miles of Stamford
17,000 patients

54,000 visits

f \-‘LJAsha ken .
i o \—'\\

-A‘E;&ﬂﬁ = ‘) Lloyd Harbor

Mount Vernon

In addition, HSS’s offsite location in Old Greenwich had over 7,000 MD visits and
2,600 x-ray exams in 2011. Finally, for fiscal year 2011, HSS surgeons performed
approximately 3,700 surgical procedures on residents of Connecticut and eastern

Westchester County at the main campus in New York City.
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Service Area Determination

As the proposed MRI unit in Connecticut is new to HSS, there is no historical
patient service area. A patient origin analysis was done for 2011 and year-to-date
2012 (for the six months ending June 30, 2012) for MRI volume from HSS patients
who reside in lower Connecticut and the eastern portion of Westchester County
(Attachment I1). From this analysis, a proposed service area was derived. These
towns are in closest proximity to the proposed location of the MRI unit in Stamford.
Ilustrated below are HSS historical MRI volumes from the proposed service area
towns, along with the aggregate patient origin volume for other communities in

Connecticut and New York (within 15 miles of Stamford).

Town 2011 YTD June 2012 Projected 2012

Stamford 144 67 134
Greenwich 454 243 486
Darien 174 68 136
New Canaan 109 70 140
Subtotal- Conn. portion of

proposed service area 881 448 896
Scarsdale 229 114 228
Rye 217 110 220
Mamaroneck 219 144 288
Subtotal- NY portion of

proposed service area 665 368 736
Total proposed service

area 1,546 816 1,632
Other Conn (statewide) 725 465 930
Other NY (within 15 miles) 616 344 688

Total HSS MRI volume-
Conn and eastern
Westchester County 2,887 1,625 3,250

Percent increase- 2011 to
2012 12.6%
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Projected 2012 volume by town represents YTD 6/30/12 actual plus projected
volume for July 2012 to December 2012. As shown in the above table, over 1,600
scans are projected for 2012 to be done at HSS’s Manhattan campus on patients
from the proposed service area and an additional approximately 1,700 scans are
projected to come from the remainder of the State of Connecticut and neighboring
New York towns near the proposed service area (and within a 15 mile driving

distance to the proposed MRI location).

Maximum capacity of the proposed MRI (2,540 scans) would not be able to fully
accommodate the 3,250 scans projected in 2012 for the service area. A portion of
this volume would still be performed in Manhattan for two main reasons:
e Patient preference (e.g., the patient is employed in New York City and it is
more convenient to have the scan performed during work hours); and
e The patient’s physician office visit is at the Hospital’s main campus and an

MRI is ordered and performed during that same visit.

The total population for the above proposed service area is approximately 350,000
as discussed in further detail in 2.c.ii below and shown in detail in Attachment I11.
While this population is expected to have minimal growth through 2015 in total, the
cohorts of ages 45 to 64 are projected to increase nearly 4% while the cohort of ages
65 and older are expected to increase nearly 11%. These cohorts are the more
prevalent demographic for orthopedic care and thus MRI utilization for

musculoskeletal conditions.
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An evaluation was next done on the optimal operating time and overall expected
capacity of the proposed MRI. The Hospital has recently been given CON approval
for its first MRI located outside of Manhattan in Long Island, NY. This site is
expected to open during the first quarter of 2013. Like the proposed unit, this Long
Island-based MRI will be part of an HSS satellite office that will also include HSS-
affiliated physicians, diagnostic x-ray and fluoroscopic guidance imaging services.
The operating model to be adopted for that location is similar to the proposed
Stamford site. It was determined that a 10-hour day, five days a week would be the
most appropriate for this outpatient radiology satellite location, consistent with the
hours when HSS physicians and nursing staff will be present at the site. Based on
historical information and the utilization of HSS’s existing MRIs the assumed
average number of scans performed is one (1) per hour. This reflects an average
scan time that is longer than many MRI scans due to the sophisticated protocols
utilized by HSS which require more time than the average procedure at a typical

general MRI facility.

MRI Machine Capacity

Days per week- Monday to Friday 5
Hours per day- 8am to 6pm 10
Business days per year 254
Hours per year 2,540
Scans per hour 1.0
Scans per year at capacity 2,540

The total business days per year exclude weekends and holidays and represent the

days the MRI will be in operation.
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HSS MRI Service Differentiation

Given the Hospital’s specialization in musculoskeletal conditions, and its leadership
in research and innovation in respect of the diagnosis and treatment of these
conditions, heavy emphasis has been placed by the Hospital in developing
proprietary and innovative protocols for its MRI service. These in turn have been
customized for the needs of each HSS referring physician. Furthermore, HSS’s
radiologists are specialists in musculoskeletal MRI, as HSS focuses solely on
orthopedics and rheumatology and requires that its radiologists have completed a
musculoskeletal imaging fellowship, typically the fellowship offered by HSS. HSS’s
musculoskeletal radiology fellows will have already done substantial research and
achieved top ratings in their residency programs before being accepted into the HSS

fellowship program.

HSS physicians rely upon the HSS MRI protocols and quality to ensure accurate
diagnosis, efficient treatment plans and ultimately superior patient outcomes.

Following are some examples:

= Dedicated cartilage-sensitive imaging is performed on ALL joints in three
planes.

= Dedicated coils are used for specific parts to obtain the best images.

= MR utilizes high matrix imaging/thin slice imaging.

= Scans are normally checked prior to the patient leaving the facility to ensure
diagnostic quality. A musculoskeletal MRI radiologist is available at all
times when scanning is being conducted to review or assist with the scan.

After such review, additional sequences may be performed in order to
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achieve the required imaging results without the necessity of the patient
returning for another visit.

= HSS functions as a GE Luminary site for testing coils and protocols for
optimal musculoskeletal imaging.

= There are no intra-articular injections and limited use of contrast injections
for increased patient safety. This is based on high resolution non-contrast
techniques developed by HSS. This enables reproducible, accurate
assessment of the rotator cuff, capsule and labrum in the shoulder, the
cartilage and labrum in the hip, cartilage and meniscus in the knee (both
native and repaired), and the cartilage in the ankle, wrist and elbow.

= The customized MRI protocols provide each surgeon with sufficient
information to identify all issues to be operated upon prior to surgery, and to
limit the need for diagnostic surgery.

= HSS has developed a series of proprietary and prototype means for early
detection of osteoarthritis, determination of timing of treatment and
assessing surgical cartilage repair. Post operative MRI assessment of
cartilage and meniscal repair is accomplished using MRI rather than follow
up surgery. A comprehensive research agreement with GE enables this
capability at HSS, which is not otherwise available in the tri-state area.

= HSS has developed protocols for MRI assessment of arthroplasty, assessing
bone loss following joint replacement and definition of regional adverse
tissue reactions around implants, such as those seen following metal on metal

hip arthroplasty.
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= HSS is able to perform MRI scans on persons with pre-existing joint
deformity as well as persons with orthopedic hardware. Some MRI sites
decline such patients.

= Hollis G. Potter, MD, the Chief, Division of Magnetic Resonance Imaging for
HSS, has specialized in Musculoskeletal MR Imaging since 1990. She has
published 140 scientific articles and 51 book chapters. Several representative
articles are attached. She has lectured extensively at scientific orthopedic
and radiology meetings throughout the world. She is funded for MR
research in both clinical and basic science projects. She is internationally
recognized for her expertise in developing MR applications for orthopedic
conditions. Dr. Potter’s full CV is attached (Attachment V).

= Other HSS radiologists are also leaders in their fields. Additional CVs are
attached (Attachment V).

= Reflecting HSS’s leadership in development of MR applications for
orthopedic conditions, HSS has received several NIH awards for advanced

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

The Hospital does not currently operate any MRIs in the service area defined above.
As to utilization of MRIs currently located in the service area, see subsection (c)(iv)

below.

Table 1. Existing Equipment Operated by the Applicant — N/A

Provider Name Description of Hours/Days of Utilization
Street Address Service * Operation ** (2011) ***
Town, Zip Code

* 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).

c. Provide the following regarding the proposal’s location:
i. The rationale for locating the proposed equipment at the proposed site;
HSS, in conjunction with the HSS physicians currently practicing at the Old
Greenwich offsite location, plans to relocate and expand the services currently
provided at its Old Greenwich office location to the Stamford site. This will enable
more of our current Connecticut and Westchester patients to see their doctors and
receive services closer to home. The Old Greenwich location has inadequate space
for its current operation, and lacks secondary transportation options. The need
exists to relocate to a location with improved accessibility and additional space. In
addition to providing additional space, the Stamford location offers good proximity
to major roads such as Interstate 95 and U.S. Route 1, is nearby to the Stamford

train station with trains operated by Metro North and Amtrak, and is a convenient

HSS CON PAGE 21



location for HSS patients residing in lower Fairfield County, north of Fairfield
County to the remainder of the State of Connecticut, and nearby New York State in
the eastern part of Westchester County. The proposed location is in a facility that
also houses Chelsea Piers, an entertainment and sports complex. Chelsea Piers
originated on the west side of Manhattan and has branched out to this location in
Connecticut.
ii. The population to be served, including specific evidence such as incidence,
prevalence, or other demographic data that demonstrates need,

The Hospital intends to serve those patients that utilize HSS services in Manhattan
and reside in Connecticut and the eastern part of Westchester County. The
following table illustrates the proposed service area towns and population.

Population Growth

2000 2010
2000 2010 2015 to to
Census Census Projection 2010 2015
Stamford 116,837 122,643 123,710 5.0% 0.9%
Greenwich 61,360 61,171 61,783 -0.3% 1.0%
New Canaan 19,325 19,738 19,920 2.1% 0.9%
Darien 19,620 20,732 21,147 5.7% 2.0%
Subtotal Conn. Service Area 217,142 224,284 226,560 3.3% 1.0%
Scarsdale 38,485 39,129 39,520 1.7% 1.0%
Rye 53,084 54,890 55,988 3.4% 2.0%
Mamaroneck 36,392 36,674 36,975 0.8% 0.8%
Subtotal- NY Portion of Service
Area 127,961 130,693 132,483 2.1% 1.4%
Total Service Area 345,103 354,977 359,043 2.9% 1.1%
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The population of the proposed service area is approximately 350,000 and is
projected to be relatively stable in the near future. While this population is
expected to have minimal growth in the near future, the cohort of ages 45 to 64 is
projected to increase nearly 4% while the cohort of ages 65 and older is expected to
increase nearly 11%. These cohorts are the more prevalent demographic for

orthopedic care and thus MRI utilization for musculoskeletal conditions.

ili. How and where the proposed patient population is currently being served,
The proposed patient population is currently being served by physicians affiliated
with the Hospital and are currently receiving their MRI scans at the Hospital’s

main  campus in  Manhattan (3,250 scans projected for 2012).
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iv. All existing providers (name, address) of the proposed service in the towns
listed above and in nearby towns;

The following table illustrates the existing providers of MRI services in the

Hospital’s proposed service area.

Organization Location ~  Hoursof  Inpatient  Outpatient  Total MRI

Operation MRI Scans MRI Scans Scans
Stamford Hospital

Tully Health Center Stamford Mon-Fri Incl. in
(Stamford Hosp. 8am to 8pm Stamford
Satellite) Sat Hosp.
8am to 4pm
Darien Imaging Darien Mon- Fri Incl. in
Center (Stamford 7am to 4pm Stamford
Hosp affiliate) Hosp
Stamford Hospital Stamford Mon-Fri 2,819 10,951 13,770
(main hospital) 7am to 10 pm
Sat-Sun
8am to 4pm

Greenwich Hospital

Greenwich Hospital ~Stamford Mon-Fri Incl. in
Diagnostic Center 7:30am to 6pm  Greenwich
(Greenwich Hosp. Hospital
Satellite)
Greenwich Hospital Greenwich Mon-Fri 1,240 7,386 8,626
(main hospital) 7:30am to 7pm
Sat-Sun

7:30am to 5pm

Advanced Radiology Stamford Mon-Sat not available not  notavailable
Consultants- 7am to 7pm available
Stamford Tues

7am to 11pm
Orthopedic & Greenwich not available not available not  notavailable
Neurosurgery available
Specialists
Rye Radiology Port not available not available not  notavailable
Associates Chester, available

NY

Source- Most recent available Hospital Annual Filings to OHCA (2011) and CON
filings to OHCA
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v. The effect of the proposal on existing providers; and
This proposal will have minimal impact on existing MRI service providers located in
Connecticut. This proposal is intended to serve HSS patients who reside in
Connecticut and eastern Westchester County currently traveling to HSS’s
Manhattan locations for MRI services. HSS will not market the service to non-HSS
physicians nor will the site have the capacity to accommodate such volume. In
addition, as with our sites in New York, only Orthopedic MRI will be performed.
The information available and shown in the above table suggests there is sufficient
utilization of the current MRIs located in the proposed service area. There is a
small portion of MRI scans ordered by HSS-affiliated physicians that are performed
at Connecticut MRI locations and this is expected to continue or possibly even grow.

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

As shown above, the proposed service area is the Connecticut towns of Stamford,
Greenwich, Darien and New Canaan, along with the New York towns of Rye,
Scarsdale, and Mamaroneck. These towns were selected based on the Hospital’s
historical patient origin for MRI services in lower Fairfield County and the eastern
part of Westchester County in New York and their proximity to the proposed site in
Stamford. The site will also serve HSS patients from the remainder of the state of
Connecticut, as well as other New York State towns within 15 miles of the Stamford

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

The proposed service will not duplicate any MRI services currently provided in
Connecticut but will accommodate HSS’s Connecticut and Westchester patients
who currently travel to Manhattan to receive HSS’s unique and specialized MRI

Services.
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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 FY's 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 2a: Historical, Current, and Projected Volume, by Equipment Unit

Actual Volume V(o:llfj\nze Projected Volume
(Last 3 Completed FYs) - (First 3 Full Operational FYs)**

FY %wxx [ Ry swex [ Ry %% | Fy %% [FY 2014 | FY 2015 | FY 2016

Scanner***
MRI n/a n/a n/a n/a 2,175 2,540 2,540
Total 2,175 2,540 2,540

* 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.

** |f 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.

*** |dentify each scanner separately and add lines as necessary. Also break out inpatient/outpatient/ED .
**** Fill in years. In a footnote, identify the period covered by the Applicant’s FY (e.g. July 1-June 30,
calendar year, etc.).

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 ***x | PY xkdk | PY kkkk | BY *kxkk | EY 2014 FY 2015 | FY 2016
Service
type***
Orthopedics 2,175 2,540 2,540
Total 2,175 2,540 2,540

* 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.

** |f 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.

*** |dentify 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.

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

HSS CON PAGE 27



b. Provide a breakdown, by town, of the volumes provided in Table 2a for the most
recently completed full FY.

Not applicable.
c. Describe existing referral patterns in the area to be served by the proposal.

The Hospital currently has seventeen members of the HSS medical staff seeing
patients at the Greenwich office location (16 on a part time basis). These physicians
will be relocating to the proposed Stamford location containing the MRI unit. The
majority of the patients currently seen at the Old Greenwich location are referred to
HSS’s Manhattan location for MRIs (approximately 800 projected for 2012). These
patients are expected to be referred to the Stamford site MRI when operational.
There are a small number of MRI scans that are referred to Connecticut MRI
locations. These referrals are expected to continue or possibly even grow. A
significant portion of the remaining 2,450 scans projected in 2012 for patients
residing in Connecticut or eastern Westchester County are expected to be referred

to the Stamford site.

d. Explain how the existing referral patterns will be affected by the proposal.
The existing referral patterns should not change due to this proposal since this MRI
service will not be marketed to non-HSS physicians or their patients. Members of
the HSS medical staff already refer their patients to HSS for MRIs due to the high
quality of the MRI image, the limited need for contrast, the avoidance of intra-
articular injections, and the multitude of sequences that provide more enhanced
detail than a typical MRI unit. As referrals to the proposed MRI facility would be
the result of shift of current scanning volume from Manhattan to Stamford, there

would be no effect on existing referral patterns resulting from this proposal. HSS
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physicians currently located in Old Greenwich and expected to relocate to Stamford
as well as HSS physicians located in Manhattan seeing patients residing in the
proposed service area are providing their patients the convenience and opportunity
to receive their scans closer to their residences instead of at HSS in NYC. In
addition, HSS physicians have expressed an interest in utilizing office visit time in
Stamford once it opens and provides its full range of radiological services including
MRI. HSS will not be marketing the MRI at this site to non-HSS physicians or their
patients nor would there even be capacity to accommodate such volume as HSS’s

existing MRI volume is expected to fully utilize the unit.

e. Explain any increases and/or decreases in volume seen in the tables above.
The changes in volume seen in the above table represent a shift of MRI scans
currently provided at the Hospital’s main campus that would be performed at the
proposed Connecticut location. This volume represents referrals from HSS
physicians of patients residing in Connecticut and eastern Westchester. These
patients currently come to New York for their MRI but would use the proposed
MRI once operational.

f. Provide a detailed explanation of all assumptions used in the derivation/

calculation of the projected volume by scanner and scan type.

It is assumed that the commencement of operations of the proposed MRI unit is
January 1, 2014 which is the commencement of the Hospital’s fiscal year 2014. By
the second full year of operation, it is expected that the MRI unit will be operating

at full capacity.
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Projected Stamford MRI volumes for 2014 — 2016 are as follows:

2014 2015 2016
Projected 2012 MRI Volume in NYC — Greenwich Office

Patients 800 800 800
Projected 2012 MRI Volume in NYC — Other HSS Patients 2,450 2,450 2,450
Total Projected 2012 3,250 3,250 3,250
Less: Volume Remaining in NYC (a) (1,075) (710) (710)
Projected at Stamford 2,175 2,540 2,540

(a) Represents estimate for patients receiving their MRI on the same day they see their MD in
Manhattan, patients for which it is more convenient to receive MRI in Manhattan (due to
proximity to workplace, etc.) or patients not able to be accommodated at Stamford due to

capacity constraints.

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.

See Attachment 1V for selected articles.
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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.

i. Louis A. Shapiro — President/CEO

ii. Stacey L. Malakoff — Executive VP/CFO
iii. Lisa A. Goldstein — Executive VP/COO

iv. Ralph Bianco - Vice President, Operations

v. Hollis G. Potter, MD - Chief, Division of Magnetic Resonance Imaging

vi. Jo A. Hannafin, MD, PhD - Attending Orthopedic Surgeon, Orthopedic
Director, Women’s Sports Medicine Center, Professor of Orthopedic
Surgery, Weill Medical College of Cornell University

See Attachment V for CVs/Bio’s for the above listed individuals.

b. Exp_)lain how the proposal contributes to the quality of health care delivery in the
region.
As noted previously, approximately 3,250 MRI scans are projected in 2012 at HSS’s
Manhattan location on patients traveling from the State of Connecticut and nearby
eastern Westchester County. The proposal would bring HSS’s unique and
specialized MRI service to the region and provide better convenience and access for

many of these patients.

The Radiology department at HSS includes 15 Board-certified radiologists
specializing in musculoskeletal imaging, including 5 radiologists dedicated to
musculoskeletal MRI. The MRI department at HSS has worked on several
proprietary and prototype pulse sequences that enable early detection of
osteoarthritis. Using MRI as a non-invasive means by which to assess cartilage

tissue integrity and ultrastructure, HSS MRI radiologists are able to diagnose
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osteoarthritis at a much earlier time compared with traditional imaging techniques.
These techniques have a direct impact on patient management, helping to optimize
timing of surgical procedures such as meniscal transplantation or osteotomy that
are aimed at delaying the progression of osteoarthritis. In the setting of surgical
cartilage repair, these advanced MR techniques provide an objective assessment of
the repaired tissue, obviating the need for invasive, second-look arthroscopy and
surgical biopsy with violation of the repair site. Not only has this had a direct
impact on our local patients but also provides important research standards for the
orthopaedic community. HSS has been the recipient of several NIH awards based
on the background and expertise of its Department of Radiology in advanced

imaging.

HSS’s Radiologists have validated high resolution noncontrast techniques that
obviate the need for intra-articular contrast agents, enabling reproducible, accurate
assessment of the rotator cuff, capsule and labrum in the shoulder, the cartilage and
labrum in the hip, cartilage and meniscus in the knee (both native and repaired),
and the cartilage in the ankle, wrist and elbow. These data are published in the
peer-reviewed orthopaedic literature. Every patient scanned in an HSS MRI facility
receives cartilage-sensitive pulse sequencing in three planes, often enabling critical

clinical decisions that alter management, be it conservative or surgical.

HSS has further established the market for MRI of arthroplasty, having shown

MRI to be the most accurate noninvasive means by which to assess bone loss

following joint replacement as well as definition of regional adverse tissue reactions
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around implants, such as those seen following metal-on-metal hip arthroplasty.
HSS can also assess the rotator cuff following shoulder arthroplasty as well as

synovitis or inflammatory reaction around knee implants.
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5. Organizational and Financial Information
a. ldentify the Applicant’s ownership type(s) (e.g. Corporation, PC, LLC, etc.).
New York State Not-for-Profit Corporation

b. Does the Applicant have non-profit status?
PX] Yes (Provide documentation) [_] No

See Attachment VI for documentation of HSS’s non-profit status.

c. 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.

N/A

d. Financial Statements

v. 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.

N/A

vi. 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, provide other financial documentation (e.g. unaudited balance
sheet, statement of operations, tax return, or other set of books.)

Attachment VII contains the most recent audited financial statements for the

Hospital as of its fiscal year ended 12/31/2011.
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e. Submit a final version of all capital expenditures/costs as follows:

Table 3: Proposed Capital Expenditures/Costs

Medical Equipment Purchase $

Imaging Equipment Purchase — See Attachment V111 for quote 1,800,000
Non-Medical Equipment Purchase
Land/Building Purchase *
Construction/Renovation ** - See Attachment IX for details 1,445,583
Other Non-Construction (Specify)

Total Capital Expenditure (TCE)

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)

Total Project Cost (TCE + TCC)

Capitalized Financing Costs (Informational Purpose Only)
Total Capital Expenditure with Cap. Fin. Costs $ 3,245,583
* 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.

*** |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.

3,245,583

&+ | P

$
$ 3,245,583

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 proposed project will be funded from Hospital operations.

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

The proposal will enhance the financial strength of the State’s health care system as
it allows better coordination of care in a more appropriate setting closer to the

patient allowing for a more efficient delivery of radiological information.
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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.

The projected patient population mix is presented below and is based on HSS’s

overall MRI volume payer mix.

Table 4: Patient Population Mix

Current** Year 1 Year 2 Year 3
FY *** FY 2014 FY 2015 FY 2016
Medicare* 18.1% 18.1% 18.1%
Medicaid* 2.1% 2.1% 2.1%
CHAMPUS & TriCare 0.0% 0.0% 0.0%
Total Government 20.2% 20.2% 20.2%
Commercial Insurers* 14.7% 14.7% 74.7%
Uninsured 1.4% 1.4% 1.4%
Workers Compensation 3.7% 3.7% 3.7%
Total Non-Government 79.8% 79.8% 79.8%
Total Payer Mix app’l\‘if:’;ble 100.0% 100.0% 100.0%

* Includes managed care activity.
** New programs may leave the “current” column blank.

*** Eill 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 projected payer mix for the proposed MRI unit is based on the overall HSS

MRI payer mix as it is assumed the mix of patients seen at the Stamford location

would approximate the current outpatient mix of patients seen by HSS as a whole.

It is further assumed that no material change in payer mix would occur during the

first three years of operation.
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7. Financial Attachments | & 11
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 must agree with the Applicant’s audited financial statements.)
The projections must include the first three full fiscal years of the project.

See Attachment X
b. Provide a three year projection of incremental revenue, expense, and volume
statistics attributable to the proposal by payer. Complete Financial Attachment
I1. The projections must include the first three full fiscal years of the project.
See Attachment X
c. Provide the assumptions utilized in developing both Financial Attachments I
and 11 (e.g., full-time equivalents, volume statistics, other expenses, revenue and
expense % increases, project commencement of operation date, etc.).
See Attachment X
d. Provide documentation or the basis to support the proposed rates for each of the
FY's as reported in Financial Attachment I1. Provide a copy of the rate schedule
for the proposed service(s).

See Attachment X

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

A minimum of approximately 900 MRI scans are required in each year for the
program to show an incremental gain.
f. Explain any projected incremental losses from operations contained in the
financial projections that result from the implementation and operation of the

CON proposal.

N/A
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g. Describe how this proposal is cost effective.
This proposal is cost effective since it will allow residents of Connecticut and eastern
Westchester County to access healthcare services closer to home thereby eliminating
the expense and inconvenience of traveling to NYC for their care. In addition, since
space cost is significantly lower in Stamford than it is in Manhattan, costs per scan

will be lower at the Stamford location than in Manhattan.
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Hospital for Special Surgery
Acquisition and Installation of an MRI in Stamford

Attachments

Attachment I- Letters of Support

Attachment 11- HSS Patient Origin (MRI scans), State of Connecticut and 15-mile
Radius from Stamford- 2009 to 2011; Year-to-Date 6/30/2012

Attachment I11- Proposed Service Area Analysis
Attachment IV — Related Articles/Publications
Attachment V- CVs/Bios

Louis A. Shapiro, President & CEO

Stacey L. Malakoff, Executive VP/CFO

Lisa A. Goldstein, Executive VP/COO

Ralph Bianco, Vice President, Operations

Hollis G. Potter, MD - Chief, Division of Magnetic Resonance Imaging
Jo A. Hannifin — MD, PhD - Attending Orthopedic Surgeon, Orthopedic
Director — Women’s Sports Medicine, Professor of Orthopedic Surgery,
Weill Medical College of Cornell University

Richard J. Herzog, M.D., F.A.C.R.

Theodore T. Miller, M.D., F.A.C.R.

AN NN NN

AN

Attachment VI — IRS Tax Exemption Letter

Attachment VI1I- Audited Financial Statements - December 31, 2011
Attachment VIII - MRI Quote

Attachment IX — Construction/Renovation Details

Attachment X — Financial Attachments | & 11
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O

TUDOR

INVESIMENT CORPORNITTON

Ms, Lisa A. Davis

Deputy Commissioner
Connecticut Dept. of Public Health
Oftice of Health Care Access

410 Capitol Avenue

Hartford. CT 06134

Dear Comnussioner Davis:

I am writing in support of Hospital for Special Surgery’s application to expand
the services it currently provides to the residents of Connecticut. HSS has a site
in Greenwich with physician offices and X-ray and is looking to transition this
site to the new Chelsea Piers complex in Stamford. At this time patients in need
of magnetic resonance imaging services (MRIs) must travel into Manhattan,

Each vear, HSS performs over 3,300 MRIs at its main campus facility in New
York City for Connecticut patients and residents living within 15 miles of
Stamford. Having an MR1 at the Chelsea Piers site is an essential service for HSS
physicians who seek to provide the most convenient, efficient. and innovative
care to their patients,

I strongly urge the Office of Health Care Access to approve HSS’s proposal to
install an MRI in Stamford and enable patients to receive the best possible care
closer to home. Thank you very much for your consideration.

cc: Louis A, Shapiro
President & CEO. Hospital for Special Surgery
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PrTER L. MALKIN

40 WEsT ELM STREET
ApT. 5J-1Li
GrEENWICH, CT 06830

July 30, 2012

Lisa A. Davis

Deputy Commissioner
Connecticut Dept. of Public Health
Office of Health Care Access

410 Capitol Avenue

Hartford, CT 06134

Dear Commissioner Davis,

I am writing in support of Hospital for Special Surgery’s application to expand
the services it currently provides to the residents of Connecticut. HSS has a site
in Greenwich with physician offices and X-ray and is looking to transition this
site to the new Chelsea Piers complex in Stamford. At this time patients in need
of magnetic resonance imaging services (MRIs) must travel into Manhattan.

Each year, HSS performs over 3,300 MRIs at its main campus facility in New
York City for Connecticut patients and residents living within 15 miles of
Stamford. Having an MRI at the Chelsea Piers site is an essential service for
HSS physicians who seek to provide the most convenient, efficient, and
innovative care to their patients.

I strongly urge the Office of Health Care Access to approve HSS’s proposal to
install an MRI in Stamford and enable patients to receive the best possible care
closer to home. Thank you very much for your consideration.

Sincerely,

) T [
Peter L. Malkin
Chairman

Malkin Properties of Connecticut, Inc.

ce: Louis A. Shapiro
President & CEO, Hospital for Special Surgery

Dr. Leon Root
Hospital for Special Surgery
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Hospital For Special Surgery
Attachment |1

Patient Origin-MRI Volume- 2011 and 2012

State of Conn and 15 Mile Radius of Stamford (Excluding Long Island)

Zip Code City State Actual 2011 YTD June 2012 Projected Actual 2012

10804 New Rochelle NY 52 36 72
10607 White Plains NY 10 6 12
10606 White Plains NY 8 8 16
10605 White Plains NY 67 28 56
10604 West Harrison NY 8 4 8
10603 White Plains NY 11 14 28
10601 White Plains NY 19 7 14
10595 Valhalla NY 3 6 12
10594 Thornwood NY 10 4 8
10590 South Salem NY 19 9 18
10583 Scarsdale NY 229 114 228
10580 Rye NY 174 84 168
10577 Purchase NY 35 16 32
10576 Pound Ridge NY 24 22 44
10573 Port Chester NY 43 26 52
10570 Pleasantville NY 30 21 42
10549 Mount Kisco NY 51 22 44
10543 Mamaroneck NY 56 33 66
10538 Larchmont NY 163 111 222
10532 Hawthorne NY 9 5 10
10530 Hartsdale NY 20 15 30
10528 Harrison NY 52 31 62
10523 Elmsford NY 5 2 4
10514 Chappaqua NY 75 44 88
10507 Bedford Hills NY 6 5 10
10506 Bedford NY 47 21 42
10504 Armonk NY 55 18 36
06907 Stamford CT 11 5 10
06906 Stamford CT 2 3 6
06905 Stamford CT 33 11 22
06903 Stamford CT 32 23 46
06902 Stamford CT 54 24 48
06901 Stamford CT 12 1 2
06897 Wilton CT 51 35 70
06896 Redding CT 7 9 18
06890 SOUTHPORT CT 12 9 18
06883 Weston CT 54 26 52
06881 Westport CT 2 0
06880 Westport CT 120 80 160
06878 Riverside CT 64 44 88
06877 Ridgefield CT 32 35 70
06876 Redding Ridge CT 0
06875 Redding Center CT 1 0
06870 Old Greenwich CT 43 20 40
06855 Norwalk CT 11 4 8
06854 Norwalk CT 4 1 2
06853 Norwalk CT 10 6 12
06851 Norwalk CT 16 13 26
06850 Norwalk CT 18 7 14
06842 New Canaan CT 0
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Hospital For Special Surgery
Attachment |1

Patient Origin-MRI Volume- 2011 and 2012

State of Conn and 15 Mile Radius of Stamford (Excluding Long Island)

Zip Code City State Actual 2011 YTD June 2012 Projected Actual 2012

06840 New Canaan CT 109 70 140
06838 GREENS FARMS CT 1 2
06836 Greenwich CT 1 2
06831 Greenwich CT 143 69 138
06830 Greenwich CT 181 100 200
06825 FAIRFIELC CT 10 7 14
06824 FAIRFIELC CT 48 41 82
06820 Darien CT 174 68 136
06812 New Fairfield CT 14 6 12
06811 Danbury CT 8 5 10
06810 Danbury CT 9 5 10
06807 Cos Cob CT 23 9 18
06804 Brookfield CT 7 11 22
06801 Bethel CT 5 4 8
06798 Woodbury CT 5 8 16
06796 West Cornwall CT 0
06795 Watertown CT 2 0
06794 Washington Depot CT 2 4 8
06793 Washington CT 1 1 2
06790 Torrington CT 1 0
06787 Thomaston CT 0
06785 South Kent CT 1 2 4
06784 Sherman CT 2 5 10
06783 Roxbury CT 2 4
06777 New Preston Marble Dale CT 4 0
06776 New Milford CT 4 1 2
06770 Naugatuck CT 0
06762 Middlebury CT 3 0
06759 Litchfield CT 4 2 4
06757 Kent CT 0
06756 Goshen CT 1 2
06754 Cornwall Bridge CT 0
06753 Cornwall CT 0
06752 Bridgewater CT 1 1 2
06751 Bethlehem CT 1 2
06716 Wolcott CT 4 2 4
06712 Prospect CT 2 0
06708 Waterbury CT 1 2 4
06706 Waterbury CT 0
06705 Waterbury CT 1 0
06704 Waterbury CT 1 0
06615 Stratford CT 6 1 2
06614 Stratford CT 4 1 2
06612 Easton CT 3 1 2
06611 Trumbull CT 16 13 26
06610 Bridgeport CT 1 0
06606 Bridgeport CT 4 0
06605 Bridgeport CT 2 0
06604 Bridgeport CT 2 1 2
06530 New Haven CT 1 0
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Hospital For Special Surgery
Attachment |1

Patient Origin-MRI Volume- 2011 and 2012

State of Conn and 15 Mile Radius of Stamford (Excluding Long Island)

Zip Code City State Actual 2011 YTD June 2012 Projected Actual 2012

06525 Woodbridge CT 7 4 8
06524 Bethany CT 1 2
06518 Hamden CT 1 0
06517 Hamden CT 2 4
06516 West Haven CT 3 4 8
06515 New Haven CT 1 2 4
06514 Hamden CT 0
06513 New Haven CT 0
06512 East Haven CT 4 0
06511 New Haven CT 3 1 2
06510 New Haven CT 1 2
06498 Westbrook CT 1 0
06492 Wallingford CT 3 1 2
06490 SOUTHPORT CT 2 0
06489 Southington CT 0
06488 Southbury CT 4 3 6
06484 Shelton CT 15 8 16
06483 Seymour CT 4 8
06482 Sandy Hook CT 8 2 4
06480 Portland CT 0
06478 Oxford CT 9 0
06477 Orange CT 2 0
06475 Old Saybrook CT 2 2 4
06473 North Haven CT 0
06470 Newtown CT 11 5 10
06469 Moodus CT 0
06468 Monroe CT 9 5 10
06460 Milford CT 8 6 12
06457 Middletown CT 4 1 2
06450 Meriden CT 0
06447 Marlborough CT 1 0
06443 Madison CT 7 3 6
06442 Ivoryton CT 1 1 2
06441 Higganum CT 0
06439 Hadlyme CT 1 2 4
06438 Haddam CT 1 0
06437 Guilford CT 4 2 4
06430 FAIRFIELC CT 5 0
06426 Essex CT 1 0
06423 East Haddam CT 0
06422 Durham CT 1 0
06420 Salem CT 1 0
06419 Killingworth CT 0
06418 Derby CT 3 1 2
06417 Deep River CT 1 0
06415 Colchester CT 1 2
06413 Clinton CT 2 4
06410 Cheshire CT 3 2 4
06405 Branford CT 6 5 10
06404 Botsford CT 1 2
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Hospital For Special Surgery

Attachment |1

Patient Origin-MRI Volume- 2011 and 2012

State of Conn and 15 Mile Radius of Stamford (Excluding Long Island)

Zip Code City State Actual 2011 YTD June 2012 Projected Actual 2012

06403 Beacon Falls CT 1 2
06401 Ansonia CT 1 1 2
06385 Waterford CT 4 2 4
06378 Stonington CT 2 0
06371 Old Lyme CT 3 6 12
06360 Norwich CT 1 2
06357 Niantic CT 0
06355 Mystic CT 3 1 2
06351 Jewett City CT 1 1 2
06340 Groton CT 4 2 4
06339 Ledyard CT 3 6
06335 Gales Ferry CT 1 0
06320 New London CT 2 0
06281 Woodstock CT 1 0
06268 Storrs Mansfield CT 1 2
06255 North Grosvenordale CT 1 2
06250 Mansfield Center CT 2 4
06249 Lebanon CT 0
06237 Columbia CT 1 0
06119 West Hartford CT 0
06118 East Hartford CT 0
06117 West Hartford CT 3 0
06114 Hartford CT 1 0
06111 Newington CT 1 2
06109 Wethersfield CT 1 0
06108 East Hartford CT 0
06107 West Hartford CT 1 0
06103 Hartford CT 1 2 4
06098 Winsted CT 1 2
06096 Windsor Locks CT 1 2
06092 West Simsbury CT 1 0
06085 Unionville CT 2 0
06084 Tolland CT 1 2
06076 Stafford Springs CT 1 0
06074 South Windsor CT 1 1 2
06071 Somers CT 0
06070 Simsbury CT 3 1 2
06069 Sharon CT 5 2 4
06068 Salisbury CT 2 0
06067 Rocky Hill CT 1 0
06066 Vernon Rockville CT 1 0
06063 Barkhamsted CT 0
06062 Plainville CT 1 2
06058 Norfolk CT 0
06057 New Hartford CT 0
06052 New Britain CT 1 0
06045 Manchester CT 3 0
06039 Lakeville CT 5 0
06037 Berlin CT 1 2
06035 Granby CT 2 2 4
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Attachment |1

Patient Origin-MRI Volume- 2011 and 2012

State of Conn and 15 Mile Radius of Stamford (Excluding Long Island)

Zip Code City State Actual 2011 YTD June 2012 Projected Actual 2012
06033 Glastonbury CT 2 0
06032 Farmington CT 2 0
06030 Farmington CT 0
06029 Ellington CT 1 1 2
06023 East Berlin CT 0
06021 Colebrook CT 0
06019 Canton CT 2 0
06016 Broad Brook CT 1 2
06013 Burlington CT 0
06010 Bristol CT 2 0
06002 Bloomfield CT 1 0
06001 Avon CT 7 1 2
Grand Total 2,887 1,625 3,250
Town Actual 2011 YTD June 2012 Projected Actual 2012
Stamford 144 67 134
Greenwich 454 243 486
Darien 174 68 136
New Canaan 109 70 140
Subtotal- Conn portion of
proposed service area 881 448 896
Scarsdale 229 114 228
Rye 217 110 220
Mamaroneck 219 144 288
Subtotal- NY portion of
proposed service area 665 368 736
Total proposed service area 1,546 816 1,632
Other Conn (statewide) 725 465 930
Other NY (within 15 miles) 616 344 688
Total HSS volume- Conn
and eastern Westchester
County 2,887 1,625 3,250
percent increase- 2011 to 2012 12.6%

HSS CON PAGE 47

Page 5of 5



Hospital For Special Surgery
Attachment 111
Population Summary

Stamford

Greenwich

New Canaan

Darien

Subtotal Conn Service Area
Scarsdale

Rye

Marmaroneck

Subtotal- NY Portion of Service
Area

Total Service Area

Aged 45-64
Aged 65 and over

Source- Caritas
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Population Growth

2000 2010 2015 2000 to 2010 to
Census Census Projection 2010 2015
116,837 122,643 123,710 5.0% 0.9%

61,360 61,171 61,783 -0.3% 1.0%

19,325 19,738 19,920 2.1% 0.9%

19,620 20,732 21,147 5.7% 2.0%
217,142 224,284 226,560 3.3% 1.0%

38,485 39,129 39,520 1.7% 1.0%

53,084 54,890 55,988 3.4% 2.0%

36,392 36,674 36,975 0.8% 0.8%
127,961 130,693 132,483 2.1% 1.4%
345,103 354,977 359,043 2.9% 1.1%

81,657 100,382 104,372 22.9% 4.0%
49,342 50,191 55,672 1.7% 10.9%
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Cartilage Injury After Acute, Isolated
Anterior Cruciate Ligament Tear

Immediate and Longitudinal Effect
With Clinical/MRI Follow-up

Hollis G. Potter,*" MD, Sapna K. Jain,” MD, Yan Ma,* PhD,
Brandon R. Black,” MD, Sebastian Fung,’ MD, and Stephen Lyman,* PhD
Investigation performed at the Hospital for Special Surgery, New York, New York

Background: Anterior cruciate ligament (ACL) tears have been implicated in the development of osteoarthritis. Limited data exist
on longitudinal follow-up of isolated ACL injury.

Hypotheses: All isolated ACL tears are associated with some degree of cartilage injury that will deteriorate over time. There is
a threshold of magnetic resonance imaging (MRI)-detectable cartilage injury that will correlate with adverse change in subjective
patient-reported outcome measures.

Study Design: Cohort study, Level of evidence, 2.

Methods: The authors conducted a prospective, observational analysis of 42 knees in 40 patients with acute, isolated ACL injury
(14 treated nonoperatively, 28 by reconstruction) with imaging at the time of injury and yearly follow-up for a maximum of 11 years.
Morphologic MRI and quantitative T2 mapping was performed with validated outcome measures.

Results: All patients sustained chondral damage at initial injury. The adjusted risk of cartilage loss doubled from year 1 for the
lateral compartment and medial femoral condyle (MFC) and tripled for the patella. By years 7 to 11, the risk for the lateral femoral
condyle was 50 times baseline, 30 times for the patella, and 19 times for the MFC. There was increased risk of cartilage degen-
eration over the medial tibial plateau (MTP) (P = .047; odds ratio = 6.23; 95% confidence interval [Cl], 1.03-37.90) and patella (P =
.032; odds ratio = 4.88; 95% CI, 1.14-20.80) in nonsurgical patients compared with surgically treated patients. Size of the bone-
marrow edema pattern was associated with cartilage degeneration from baseline to year 3 (P = .001 to .039). Each increase in the
MFC Outerbridge score resulted in a 13-point decrease in the International Knee Documentation Committee subjective knee
score (P = .0002). Each increase in the MTP resulted in a 2.4-point decrease in the activity rating scale (P = .002).

Conclusion: All patients with acute, traumatic ACL disruption sustained a chondral injury at the time of initial impact with sub-
sequent longitudinal chondral degradation in compartments unaffected by the initial “‘bone bruise,”” a process that is accelerated
at 5 to 7 years’ follow-up.

Keywords: anterior cruciate ligament; magnetic resonance imaging; cartilage; T2 mapping

The anterior cruciate ligament (ACL) is recognized as an in the development of osteoarthritis (OA), with a natural his-
important stabilizer of the knee that is commonly injured, tory involving progressive loss of the articular cartilage in the
with an estimated yearly incidence as high as 0.8 per face of recurrent instability.!*® The potential mechanisms
1000.! Anterior cruciate ligament tears have been implicated and/or risk factors for OA in the ACL-deficient knee are mul-

tifactorial and include changes in gait mechanism, age at
time of injury, the presence of meniscal or cartilage injury,

*Address correspondence to Hollis G. Potter, MD, Department of

MRI, Hospital for Special Surgery, 535 East 70th St, New York, NY instability, return to a high level of physical activity, and bio-

10021 (e-mail: potterh@hss.edu). logic factors such as activation of cytokine and protease cas-

y I:Department of MRI, Hospital for Special Surgery, New York, New cades in the joint itself that increase the catabolism of
ork.

chondrocytes."®19:36:39 Prior studies have reported variable

*Department of Epidemiology and Biostatistics, Hospital for Special
P P 9 P P occurrences of OA (40%-90%) 5-15 years after ACL

Surgery, New York, New York.

.. 2,8,18,34 . . . .

One or more of the authors has declared the following potential con- mjury. This variability in reported occurrence of post-
flict of interest or source of funding: Funding for MRI examinations was traumatic OA is likely related to study design, with differing
provided by the Hospital for Special Surgery MRI research fund. lengths of follow-up obtained and scoring systems used for
The American Journal of Sports Medicine, Vol. 40, No. 2 ?alegT aphic diagn OSIS, of OA. The type Of. treat.m ent 3450
DOI: 10.1177/0363546511423380 influences the progression or delay of OA, with prior studies
© 2012 The Author(s) demonstrating osteoarthritic changes at 10 to 15 years’
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follow-up after injury. No study to date has conclusively
shown that ACL reconstruction protects the knee from the
development of QA %1217.25:29.32,35

While previous studies have assessed the biologic and
clinical relevance of cartilage injuries sustained during
ACL disruption, these data are often intermixed with con-
comitant meniscal and multiple ligament injuries.»*! The
incidence of medial meniscal tears at the time of ACL rup-
ture varies from 25% to 45%; and for the lateral meniscus,
from 31% to 65%.'0:18:223746 Menigcal tears as well as pos-
terolateral corner injuries sustained at the time of injury
have an increased risk of developing OA, thereby con-
founding the evaluation of isolated ACL injury and postre-
construction effects.?”

Magnetic resonance imaging is an accurate, noninva-
sive means by which to assess the magnitude of cartilage
injury, provided that pulse sequences used have been pre-
viously validated via a suitable standard.>® The advent of
more recent quantitative magnetic resonance pulse
sequences has provided a means by which to assess matrix
depletion in the traumatically injured knee. T2 mapping
has been shown to correlate to collagen orientation using
polarized light microscopy as the standard and may be per-
formed at the time of morphologic assessment of the knee
to evaluate associated cartilage matrix changes.?**7

The purposes of this longitudinal, observational study
are 3-fold: to stratify the magnitude of cartilage injury
sustained during an acute, isolated, ACL tear; to prospec-
tively and longitudinally follow patients who underwent
ACL reconstruction versus those treated nonoperatively
over time; and, finally, to correlate the MRI findings
with standardized clinical outcome measurements. Our
hypotheses were that all isolated ACL tears are associ-
ated with some degree of articular cartilage injury
that is detectable on MRI with appropriate pulse sequenc-
ing, and that the integrity of articular cartilage will dete-
riorate over time after the initial injury. We further
hypothesized that there would be a threshold of MRI-
detectable cartilage injury that would correlate with
adverse change in subjective functional patient-reported
outcome measures.

MATERIALS AND METHODS
Study Participants

This study was designed as a prospective, longitudinal,
pragmatic cohort MRI study and was conducted after study
protocols and procedures were approved by our Institu-
tional Review Board. All 40 participants provided informed
consent. The enrollment period ran from February 1994 to
March 2005 and patients were recruited at the time of ini-
tial MRI evaluation for acute ACL tear. The study was con-
ceived as a pragmatic prospective cohort study, with the
plan being to invite patients to return for yearly MRI but
with the understanding that these likely young, healthy,
mobile patients would not realistically be expected to
return every single year. Patients were followed yearly
with a maximum 1l-year follow-up. The Appendix
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(available online at http:/ajs.sagepub.com/supplemental/)
graphically displays the follow-up patterns of the cohort.
All 42 knees (40 patients) enrolled had at least 1 follow-
up visit, while 22 contributed multiple follow-up visits
and 7 patients contributed at least 3 follow-up visits (see
online Appendix).

Inclusion criteria included acute full-thickness ACL dis-
ruption by MRI and clinical examination, a time between
initial injury and MRI of 8 weeks or less, and age at the ini-
tial injury less than or equal to 55 years. Exclusion criteria
included grade 2 or higher clinical assessment of a concom-
itant medial collateral ligament or posterior cruciate liga-
ment tear, any posterolateral corner injury requiring
treatment, preexisting modified Outerbridge grade 3 or
higher femorotibial or patellofemoral cartilage loss, and
intrasubstance meniscal tear, including horizontal, verti-
cal, or complex tears.?® Isolated fascicle disruption of the
lateral meniscus was not a criterion for exclusion, provided
it did not require primary meniscal repair. Patients were
censored from additional follow-up if they experienced an
additional injury to the study knee requiring orthopaedic
consultation; as of the last follow-up, no patients encoun-
tered this issue. The decision to treat the patients with sur-
gical reconstruction or nonoperative management was
based on the patient’s individual activity profile but not
upon age, degree of instability, or MRI results, given the
lack of associated meniscal tears or preexisting OA.

Clinical Assessment

At the time of baseline imaging and all follow-up visits, all
patients completed validated patient-reported outcome
measures. The subjective questionnaires included the
Medical Outcomes Study Short Form-36 (SF-36), the sub-
jective knee score from the International Knee Documenta-
tion Committee (IKDC), and the Activity of Daily Living
(ADL) and Activity Rating Scale (ARS) scores.20:21:33:44
While the SF-36 scale is designed for broad use in a variety
of medical conditions, the IKDC, ADL, and ARS scales are
joint-specific instruments.

Magnetic Resonance Image Acquisition

Each participant underwent MRI of the signal knee (as
defined above) at baseline and, when possible, at yearly
intervals. Time from initial injury to MRI was less than
or equal to 8 weeks.

The MRI evaluation was performed utilizing a standard
clinical 1.5-T MRI unit (Signa LX or HDX 1.5 T, GE
Healthcare, Waukesha, Wisconsin). All images were per-
formed with a standardized quadrature or 8-channel
knee coil (Invivo Inc, Gainesville, Florida). The MRI pulse
sequences at the time of initial evaluation included a stan-
dardized cartilage-sensitive protocol using a moderate echo
time (TE), fast spin-echo (FSE) technique, with repetition
time (TR) 3500 to 6500 milliseconds; TE, 28 to 36 millisec-
onds (effective); and matrix 512 X 384 (sagittal), 512 X 256
to 288 (coronal), and 512 X 256 to 288 (axial) at 2 excita-
tions. Standardized FSE cartilage imaging provided an
in-plane resolution of 253-312 X 338-416 microns.
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Additional sagittal frequency selective fat-suppression
pulse sequence was performed with a TR of 4000 to 6000
milliseconds; TE, 40 to 50 milliseconds (effective); and
matrix 256 X 224, at 2 excitations. Slice thickness for the
sagittal non—fat suppression was 3.5 mm with no gap
and for the fat suppression was 4.0 mm with no gap; coro-
nal images were obtained with a 3.5-mm slice thickness
without gap, as were the axials.

Follow-up MRI examination also included the above pulse
sequences as well as quantitative T2 mapping in the sagittal
plane using a multislice, multiecho modified CPMG (Carr,
Purcell, Meiboom, Gill) pulse sequence that utilizes inter-
leaved slices and tailored refocusing pulses to minimize con-
tribution from stimulated echoes.®' Quantitative MRI
sequences were performed in the sagittal plane with a TR
of 1000 milliseconds, 8 echo samples ranging between 8 and
64 milliseconds, with a matrix of 256 X 256, slice thickness
of 2 mm/0 gap, and a receiver bandwidth of 31.25 kHz. The
T2 mapping sequence was limited to the lateral compartment
in the sagittal plane, at the site of the initial bone bruise,
given the constraints of the software available at the time
of initial patient entry and the efforts to keep the MRI exam-
ination within clinically acceptable time constraints.

After image acquisition, data sets were analyzed on
a pixel-by-pixel basis with a 2-parameter weighted least-
squares fit (Functool 3.1, GE Healthcare), assuming
a monoexponential decay. Quantitative T2 values were cal-
culated by taking the natural logarithm of the signal decay
curve in a selected region of interest (ROI). Standardized
size and anatomic location ROIs obtained for quantitative
T2 mapping included deep and superficial halves of the lat-
eral tibial plateau, lateral femoral condyle, and patella.
Care was taken to not include the subchondral plate or
synovial fluid, and caution was also exercised to avoid sam-
pling at the magic angle.

Magnetic Resonance Image Interpretation

All magnetic resonance images were evaluated by a senior,
board-certified musculoskeletal radiologist with over 15
years’ experience in MRI interpretation; quantitative T2
maps were assessed by the senior MRI radiologist and
a board-certified musculoskeletal MRI radiology fellow
with at least 4 years of experience. The radiologists were
blinded to the time of the interval follow-up but were aware
that it was a follow-up examination after ACL tear. The
magnetic resonance images were scrutinized for modified
Outerbridge assessment of the lateral tibial plateau, lateral
femoral condyle, medial femoral condyle, medial tibial pla-
teau, trochlea, and patella. The modified Outerbridge score
was denoted as follows: 0, intact cartilage with normal sig-
nal; 1, increased signal intensity with no loss of cartilage
thickness; 2, loss of cartilage thickness affecting less than
50% of the cartilage thickness; 3, loss of greater than 50%
of the cartilage thickness without exposed bone; and 4,
full-thickness cartilage loss with exposed bone.>® Bone-
marrow edema pattern was assessed and quantified as
absent, mild (<1 cm?), or severe (>1 c¢cm?), over both the
femoral condyles and the tibial plateaus. The subchondral
plate was also evaluated as normal, depressed, or proud,
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as were the plateaus and the condyles. Osteophytes were
assessed over the condyles and plateaus as absent, small
(<2 mm), or large (>2 mm). Sclerosis was scored as absent,
mild (<1 em?), or severe (>1 cm?).

Statistical Analysis

Descriptive statistics were calculated as follows: continuous
variables are presented as mean =* standard deviation
(SD) and categorical variables are described as frequencies
and percentages. Comparisons between groups were made
by applying nonparametric Mann-Whitney U or Kruskal-
Wallis tests as appropriate or parametric independent-
samples ¢ tests or 1-way analysis of variance according to
the distribution of the data. Multinomial logistic regression
analysis with inference based on the generalized estimating
equations method was conducted to identify the changes in
ordinal outcomes over time while adjusting for age, sex,
and type of surgery. In the regression analysis for each indi-
vidual predictor, odds ratios, 95% confidence intervals (Cls),
and P values were calculated. The method allows for time
variant outcomes and provides simultaneous estimates of
the effect of time and other predictors on the outcome. A
sensitivity analysis was also performed (not presented),
removing the 7 patients who had only baseline and 1-year
follow-up time points, but this analysis did not appreciably
alter the results. All statistical analyses were performed
using SAS version 9.2 (SAS Institute, Cary, North Carolina).

RESULTS

Forty patients were enrolled (24 women, 16 men), with
a mean age of 37.2 years at the time of injury (range, 15-
53 years) (Table 1). Two patients had both knees included,
which were injured at 3-year time intervals. Mechanism of
injury was low velocity, noncontact in 35 knees; high veloc-
ity, contact in 6 knees; and high velocity, noncontact in 1
knee. Fourteen knees were treated nonsurgically and 28
underwent ACL reconstruction (using autologous patellar
tendon [n = 20], autologous hamstring tendon [n = 5],
and allograft Achilles tendon [n = 3]). The mean age of
the surgical group was 35.1 years (SD, 8.2 years), and
the mean age of the nonsurgical group was 41.5 years
(SD, 9.7 years). All surgically treated patients underwent
the standard postoperative rehabilitation protocol, and
the nonoperatively treated patients underwent a standard-
ized rehabilitation regimen.

No meniscal repair or partial meniscectomy was per-
formed in the surgical group. At baseline, there were addi-
tional low-grade injuries noted on MRI: for the medial
collateral ligament, 17 were intact, 17 knees had low-grade
partial tears, and 8 had moderate partial tears that did not
require surgical intervention; for the lateral collateral lig-
ament, 35 were intact and 7 had low-grade partial tears;
for the popliteus tendon, 40 were intact and 2 had low-
grade partial tears. For the lateral meniscal fascicles, there
were 16 torn, 13 partial tears, and 13 intact. Only 3 menis-
cocapsular separations of the medial meniscus were noted.
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TABLE 1
Characteristics of ACL-Injured Patients at Baseline®
All Knees (N = 42) Surgery (n = 28) No Surgery (n = 14) P Value
Demographics
Age (y) at injury, mean *= SD 372 +9.1 35.1 + 8.2 41.5 £ 9.7 .030
Weeks to initial MRI, mean + SD 24+ 1.9 2.7 + 2.1 1.9 +1.3 .209
Female, no. (%) 24 (60.0) 14 (51.9) 10 (76.9) .092
Noncontact, no. (%) 35 (83.3) 24 (85.7) 11 (78.6) 596
High velocity, no. (%) 7 (16.7) 4(14.3) 3(21.4) .668
Surgery type, n (%)
Achilles tendon allograft 3(10.7)
Bone-patellar tendon—bone 20 (71.4)
Hamstring tendon 5(17.9)
MRI findings, no. (%)
Outerbridge LFC Cartilage Loss® 28 (66.7) 18 (64.3) 10 (71.4) .738
Outerbridge LTP Cartilage Loss 37 (88.1) 24 (85.7) 13 (92.9) .650
Outerbridge MFC Cartilage Loss 4 (10.0) 1(3.6) 3(21.4) .100
Outerbridge MTP Cartilage Loss 1(2.4) 0(0.0) 1(7.1) .333
Outerbridge Patella Cartilage Loss 11 (2.62) 4 (14.3) 7 (50.0) .024
Outerbridge Trochlea Cartilage Loss 4 (10.0) 1(3.6) 3(21.4) .333
Bone-marrow edema in LFC 30 (71.4) 18 (64.3) 12 (85.7) 277
Bone-marrow edema in LTP 36 (85.7) 24 (85.7) 12 (85.7) 1999
Patient-reported outcomes measures, mean * SD
IKDC score 36.8 = 13.9 39.1 + 22.8 34.5 = 6.5 .809
Knee outcome survey ADL score 57.5 + 21.8 68.8 = 30.1 46.3 = 3.5 .403
SF-36 physical component score 44.0 = 8.6 50.4 + 2.6 375 7.1 .139
SF-36 mental component score 51.2 + 11.2 56.3 + 1.4 46.1 = 16.5 476
Marx activity score 11.3 = 3.6 8.5 = 0.7 14.0 = 2.8 .116

“ACL, anterior cruciate ligament; SD, standard deviation; LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral con-
dyle; MTP, medial tibial plateau; IKDC, International Knee Documentation Committee; ADL, Activity of Daily Living; SF-36, Short Form-36.
For the purposes of this table, Outerbridge score of >2 was considered positive for baseline cartilage loss; 0-1 was considered negative for

baseline cartilage loss.

Bone-Marrow Edema

In the lateral tibial plateau, the size of the bone-marrow
edema pattern at baseline was significantly associated
with increased cartilage loss at year 1 (P = .001), year 2
(P =.008), and year 3 (P = .039). In the lateral femoral con-
dyle, the size of the bone-marrow edema pattern at base-
line was significantly associated with increased cartilage
loss at year 1 (P = .030) and year 2 (P = .025). No associa-
tion between cartilage loss and baseline bone-marrow
edema pattern was found at time points after 3 years.
There was no statistically significant difference in the
bone-marrow edema as a result of high- versus low-velocity
injury, either on the femur (P = .678) or the tibia (P = .841).

Unrelated to mechanism of injury, bone-marrow edema
pattern was more severe in the surgical group over the
tibia (60.7% severe) compared with 14.2% in the nonsurgi-
cal group, but over time there was a mean rise in Outer-
bridge scores for all compartments. A notable increase
occurred at the 5-year follow-up, particularly in the lateral
femoral condyle, patella, and trochlea.

Cartilage Injury/Loss

At the time of initial injury, 42 patients (100%) sustained
an MRI-detectable cartilage injury, most severely over

the lateral tibial plateau (Figure 1 and Figure 2A). The ini-
tial mean Outerbridge score of the nonsurgical group of the
lateral tibial plateau was 3.0 (SD, 0.9), and 3.0 (SD, 1.1) for
the lateral tibial plateau in the surgical group. The second
most common acute chondral injury was over the lateral
femoral condyle, with a mean Outerbridge score of 1.8 in
the nonsurgical group and 1.8 in the surgical group. To
assess any baseline differences in the cartilage status
between the nonoperatively treated cohort and the recon-
structed cohort, we compared the baseline medial femoroti-
bial and patellofemoral compartments that were
unaffected by the initial bone bruise over the lateral com-
partment. Only the patellofemoral joint showed a greater
baseline (but still mild) degree of cartilage loss (P = .024)
in the nonoperatively treated group compared with the
reconstructed group.

Adjusting for age, sex, and type of surgery, in a general-
ized estimating equations model, the risk of cartilage lost
doubled from year 1 for the lateral femoral condyle, lateral
tibial plateau, and medial femoral condyle, and tripled for
the patella (Figure 3). Regardless of surgical intervention,
by years 7 to 11 after injury, the risk of cartilage loss for
lateral femoral condyle was 50 times that of baseline
(95% CI, 10.3-242), 30 times that for the patella (95% CI,
7.8-115), and 19 times for the medial femoral condyle
(95% CI, 4.6-79.9) (Figure 3).

Downloaded from ajs.sagepub.com at HOSPITAL FOR SPECIAL SURGERY on March 6, 2012

HSS CON PAGE 53


http://ajs.sagepub.com/

280 Potter et al

Figure 1. Sagittal fat-suppressed T2-weighted (A) and sagit-
tal non—fat suppressed intermediate echo time fast spin echo
(B) MRI sequences demonstrate a bone-marrow edema pat-
tern 2 days after anterior cruciate ligament tear (A), with
depression of the far posterior margin of the lateral tibial pla-
teau as well as focal violation of the cartilage (arrow on B).

Adjusting for time, age, and sex and when comparing the
nonsurgical patients with the surgical patients, the risk of
cartilage loss over the medial tibial plateau was significant
(P = .003). The nonsurgical group had statistically signifi-
cant, higher odds ratio effect (5.9; 95% CI, 1.2-27.9) for car-
tilage loss over the medial tibial plateau, compared with the
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Figure 2. (A) Outerbridge scores over time (all patients); (B)
Outerbridge scores over time (surgical cohort); (C) Outer-
bridge scores over time (nonsurgical cohort). LFC, lateral
femoral condyle; LTP, lateral tibial plateau; MFC, medial fem-
oral condyle; MTP, medial tibial plateau.

surgical group. The regression analysis adjusted for time
also showed an increased risk of cartilage loss over the
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Figure 3. Odds ratios compared with baseline measurements (scales vary by table).

patella (P = .02; odds ratio, 4.9; 95% CI, 1.2-19.9), but when
adjusted additionally for age and sex, this did not prove sta-
tistically significant (P = .15; odds ratio, 2.9; 95% CI, 0.7-
12.4), although the odds ratio still suggested a nearly 3-
fold increased likelihood of cartilage loss.

Progressive prolongation of T2 values compared with
the values at year 1 were seen for both the lateral femoral
condyle (P = .039) and the patella (superficial, P = .004;
deep, P = .037) (Figures 4 and 5).

Clinical Scales

At 1-year follow-up, the mean ARS score was 8.5 = 5.7
for the surgical group and 1.3 *+ 1.5 for the nonsurgical

group. The difference, however, was not significantly
different between the groups (P = .056). In year 2, the
mean ARS score was similar between the 2 groups
(8.5 = 6.1 nonsurgical vs 8.2 = 5.6 for surgical). At
year 3, a higher ARS score was found in the nonsurgical
group (10.0 = 4.9) versus the surgical group (5.6 = 3.9),
but this difference was not significant (P = .088). Each
increase in the medial femoral condyle Outerbridge score
resulted in a 13-point decrease in the IKDC (P = .0002).
Each increase in the medial tibial plateau Outerbridge
score resulted in a 2.4-point decrease in the ARS (P =
.002). No significant differences were found for the
knee outcomes survey ADL scores or for the SF-36
scores.

Downloaded from ajs.sagepub.com at HOSPITAL FOR SPECIAL SURGERY on March 6, 2012

HSS CON PAGE 55


http://ajs.sagepub.com/

282 Potter et al

The American Journal of Sports Medicine

Figures 4. The same patient as in Figure 1, at 22 months after injury. (A) The fat-suppressed T2-weighted image demonstrates
resolution of bone-marrow edema pattern. (B) The cartilage-sensitive sequence shows depression of the far posterolateral tibial
plateau with cartilage loss. Focal proud bone formation is seen over the site of prior transchondral impaction (arrow). (C) Sagittal
quantitative T2 relaxation time map of the lateral femorotibial joint cartilage, color-coded to reflect T2 values ranging from 10 milli-
seconds (orange) to 90 milliseconds (blue), shows prolongation of T2 relaxation times over the far posterolateral tibial plateau
(solid arrow) as well as over the central lateral tibial plateau (dashed arrow), an area that was not involved by the initial “‘bone

bruise.”

Figure 5. The same patient as in Figures 1 and 4, 4 years after injury. (A) Morphologic sequence demonstrates depression of the
far posterolateral tibial plateau. (B) Sagittal quantitative T2 relaxation time map of the lateral femorotibial joint cartilage, color-
coded to reflect T2 values ranging from 10 milliseconds (orange) to 90 milliseconds (blue), shows progressive prolongation of
T2 relaxation times over the central lateral tibial plateau (red arrow) compared with the study at 22 months after injury.

DISCUSSION

The rationale for reconstructing the ACL is to restore the
kinematics of the knee, treat symptomatic joint instability,
and presumably to prevent the development of posttrau-
matic knee OA.*3* The prevention or delay of knee OA
has, however, been debated, with several studies reporting
malfunction and/or variable degrees of OA as sequelae of
reconstruction.”725323% T ouboutin et al®’ found that at
20-year follow-up, the reported risk of developing OA was

lower after ACL reconstruction (14%-26% with a normal
medial meniscus, 37% with meniscectomy) compared
with nonoperatively treated ACL insufficiency (60%-
100%). Frobell et al'® conducted a randomized, controlled
trial of young (mean age, approximately 26 years) athletes
with acute ACL injury who were treated with rehabilita-
tion and early ACL reconstruction versus rehabilitation
with the option of delayed reconstruction, and noted no sig-
nificant differences between the 2 groups with regard to
mean Knee Injury and Osteoarthritis Outcome Score or
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secondary outcome measures. Our data in an older cohort
(mean age, approximately 37 years) suggest that there
may be a chondroprotective effect for ACL reconstruction.

Proposed mechanisms for OA after reconstruction
include alterations in gait mechanics, type of autograft,
age at intervention, period between injury and surgery,
activity level, residual instability, presence of irreparable
meniscal tears or history of meniscectomy, and chondral
lesions.® Among these, articular cartilage and meniscus
status, a key secondary stabilizer of the knee, at the time
of surgery are considered particularly important.*® Ferre-
tti et al*! found that in knees with ACL injuries without
meniscal tear or meniscal repair, reconstruction preserved
the joint but not in cases where irreparable meniscal tears
or meniscectomy occurred. No study has yet conclusively
indicated that ACL reconstruction protects the knee from
OA.'! The current data suggest that the risk of OA pro-
gression was higher for nonoperatively treated patients,
particularly over the medial tibial plateau and patella.

Our data demonstrated an initially higher (but not sta-
tistically significant) ARS in the reconstructed group, sug-
gesting that these individuals placed greater demands on
the knee; however, by year 3, the ARS was higher in the
nonoperatively managed group (again, not significant).
The wider SDs likely reflect the diversity of our patient
population in both groups, which is not isolated to elite ath-
letes but all patients presenting with acute ACL tears in
the absence of preexisting OA. With regard to the IKDC
scales (Figure 6), there appeared to be a delayed return
to function in the nonoperatively treated group, but by 2
years their course appeared similar to the surgically trea-
ted group. This may reflect the expected greater motiva-
tion to higher function in those patients electing surgical
management of ligament injuries.

Much of the controversy of the risk of OA after ACL tear
has arisen because of limited documentation of the preva-
lence of cartilage lesions sustained during ACL tear. Lim-
itations of radiography in the evaluation of early OA
include 2-dimensionality, high precision error of measure-
ment, and typical 1- to 2-year requirement to assess
changes of degenerative joint disease resulting in imper-
fect correlation of radiographic findings with clinical symp-
toms.?>151628 We chose to prospectively follow patients
with acute ACL injury with a standardized, cartilage-
sensitive MRI evaluation, using a pulse sequence that
has a reported accuracy of 92% based on arthroscopy as
a standard in over 600 surfaces, with a high reproducibil-
ity, yielding a weighted kappa of 0.93.2® Quantitative T2
techniques were also applied to measure collagen orienta-
tion changes within the cartilage.?**” The advent of
improved MRI technology has resulted in the detection of
a higher incidence of traumatic chondral injuries.

The current study establishes that patients with acute
traumatic ACL disruption, in the absence of meniscal
tear or preexisting moderate to severe cartilage loss, sus-
tain a chondral injury that is detectable at the time of
injury using appropriate MRI sequencing, and further,

SReferences 1, 3, 6, 8, 11, 25, 26, 36, 40, 43.
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Figure 6. International Knee Documentation Committee
(IKDC) scores over time.

that there is a longitudinal degradation over time that is
accelerated at 5 to 7 years’ follow-up. The most severe ini-
tial chondral injuries were noted over the lateral compart-
ment, where the pivot shift and transchondral impaction
occurs, yet the rate of progression was high for the medial
compartment as well as the patellofemoral joint, suggest-
ing an accelerated progression in the “natural” rate of
chondral loss after ACL injury. Additional studies will
hopefully elucidate the interactions between the damaged
cartilage and the potential for progressive stiffening in
the impacted subchondral bone, as the study of traumati-
cally induced OA should ideally assess global joint integ-
rity. This study has additionally demonstrated some
statistically significant associations between the progres-
sion of cartilage loss and an adverse effect on subjective
clinical outcome instruments of patient function. These
data indicate that the cartilage injury at the time of ACL
tear and resultant joint degeneration is a clinically rele-
vant phenomenon. The degradation in compartments unaf-
fected by the initial bone bruise also supports the notion
that chondral injury sustained at the time of the trans-
chondral fracture and pivot shift affects overall cartilage
homeostasis, resulting in a global degradation in joint
integrity. This is further supported by the prolongation of
T2 relaxation times in areas that were not initially covered
by the bone-marrow edema pattern (Figure 5).

Prior studies have shown significantly elevated quanti-
tative T1p values, a marker of proteoglycan loss, of the pos-
terolateral tibial cartilage in ACL-injured knees at
baseline compared with normal controls that did not fully
recover at 1-year follow-up.?” Li et al?’ further demon-
strated prolongation of T1lp in the superficial layers in
the medial compartments as well as T2 prolongation in
the superficial margin of the medial femoral condyle but
not in the deep layer of the compartments, indicating
a preferential effect in the superficial portions of the artic-
ular surface. Tiderius et al*?> demonstrated depletion of
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proteoglycan, as measured by delayed gadolinium-
enhanced MRI (dGEMRIC) index, over the bone-marrow
lesions of the lateral femoral condyle in 15 of 24 patients
after acute ACL injury. The investigators noted a similar
effect in the medial femoral condyle that was unaffected
by the initial transchondral fracture, further suggesting
more globally altered cartilage homeostasis as a result of
the injury.*?

The finding of cartilage lesion(s) after all ACL tears differs
from prior studies that reported a lower prevalence of articu-
lar cartilage injuries noted at arthroscopy.*’ This is likely
attributable to the fact that many of the initial traumatic car-
tilage injuries were localized over the eccentric posterior
margin of the lateral tibial plateau, an area that is not easily
evaluated at arthroscopic inspection. Spindler et al*! evalu-
ated 54 patients with ACL tears at the time of surgery and
noted that 25 of 54 (46%) had an articular cartilage lesion
at arthroscopy, most commonly over the lateral femoral con-
dyle, an area more easily evaluated at surgery compared
with the far posterior margin of the plateau. Johnson
et al?® further evaluated a small cohort of 10 patients with
acute ACL tear and subsequent biopsy of the lateral femoral
condyle during ligament reconstruction and reported chon-
drocyte degeneration, depletion of extracellular matrix, oste-
ocyte necrosis, and empty lacunae, indicative of depletion of
matrix from both cartilage and bone. It is clear from both
the data generated in this current study as well as previous
studies that the bone “bruise” sustained during an acute ACL
tear is a transchondral fracture of varying severity, and
results in cartilage degradation over time.

A limitation of the current study is a lack of a representa-
tive control group of ACL-intact patients. This was intended
as an observational, longitudinal analysis of patients with
relatively intact cartilage and injury isolated to the ACL
without concomitant meniscal tear requiring surgical inter-
vention. It is conceivable that the rate of OA observed in this
cohort may also be seen in the setting of cartilage degrada-
tion in the absence of ACL tears; however, the marked pro-
gression in arthritis at the 5-year interval would be unusual
for an ACL-intact cohort, in the absence of any confounding
variables that affect disease progression, such as meniscal
tear. The lack of a control group reflects the challenges asso-
ciated with long-term, longitudinal analysis of asymptom-
atic individuals. Additional limitations include the lack of
ability to obtain quantitative data throughout the entire
knee, limiting the longitudinal quantitative T2 analysis to
the lateral compartment at the site of the bone bruise.
This is because of restrictions of the software and time lim-
itations at the initiation of this study.

Despite these limitations, the study clearly demonstrates
that all ACL tears are associated with transchondral frac-
tures of varying severity, resulting in a chondral injury
that is detectable by standardized morphologic MRI assess-
ment, with progression in cartilage degradation over time.
This may have implications for potential chondroprotective
intervention and/or alteration in rehabilitation regimens at
the time of injury. These data help to improve the under-
standing of the pathogenesis of OA following ACL tear and
provide imaging information that can guide the development
of potential preventive and disease-modifying treatments.

The American Journal of Sports Medicine
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Noncontrast Magnetic Resonance Imaging
of Superior Labral Lesions

102 Cases Confirmed at Arthroscopic Surgery
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ABSTRACT

Previous studies report that noncontrast magnetic res-
onance imaging is limited in the evaluation of the su-
perior glenoid labrum. From our magnetic resonance
imaging database of 2552 patients, we prospectively
identified 104 patients with superior labral lesions who
subsequently went on to arthroscopic surgery. Mag-
netic resonance images were assessed to identify fray-
ing, flap tears, bucket-handle tears, or displaced flap of
fibrocartilage. The biceps tendon was also evaluated.
Patients were categorized according to Snyder’s clas-
sification, and the findings on the magnetic resonance
images were correlated with surgical findings. One
hundred of the 104 tears suspected on the images
were confirmed at surgery. There were four false-pos-
itives and two false-negatives, the former reflecting
one normal labrum, two meniscoid-type labra, and one
sublabral foramen. With arthroscopic surgery as the
standard, magnetic resonance imaging had a sensitiv-
ity of 98.0% (100 of 102), a specificity of 89.5% (34 of
38), and an accuracy of 95.7% (134 of 140) for detec-
tion of superior labral lesions. We concluded that high-
resolution noncontrast magnetic resonance imaging
can accurately diagnose superior labral lesions and aid
in surgical management.

In 1990, Snyder et al.2° identified an injury to the superior
labrum that began posteriorly and extended anteriorly,
stopping before or at the midglenoid notch and including
the anchor of the biceps tendon to the labrum. They called

T Address correspondence and reprint requests to Hollis G. Potter, MD,
Chief, MRI Section, Department of Radiology, Hospital for Special Surgery,
535 E. 70th Street, New York, NY 10021.

No author or related institution has received any financial benefit from
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this the SLAP (superior labrum anterior and posterior)
lesion. The Snyder classification of SLAP lesions includes
fraying (type I), tearing with detachment of the biceps
anchor (type II), bucket-handle displacement with an in-
tact biceps anchor (type III), and a bucket-handle frag-
ment with the tear extending into the biceps tendon (type
IV). Some SLAP lesions do not neatly fit into the original
definition, and other classifications have been proposed.'*

The originally proposed mechanism of SLAP injury was
either a compressive force to the shoulder, usually due to
falling on an outstretched palm with the shoulder in ad-
duction and flexion on impact, or sudden contraction of the
biceps tendon.?® A subsequent study has shown that re-
petitive traction to the biceps tendon, as seen in throwing
athletes, can also cause this labral injury.? Clinical symp-
toms include catching and pain, which are exacerbated by
overhead activity.

Magnetic resonance imaging has been shown to be an
accurate method for accurately evaluating the glenoid la-
brum. However, using either conventional or arthro-
graphic MRI, imaging of the superior labrum has been
fraught with error. Continuing advances in surface coil
design, computer software, and image processing have
resulted in the rapid acquisition of superior quality MR
images of the shoulder, yielding increased diagnostic
accuracy.

The purpose of this study was to show that noncontrast
MRI can reliably diagnose SLAP lesions using sequences
that are routinely employed for evaluation of the shoulder.

MATERIALS AND METHODS

Patient Population

From January 1994 through September 1997, 2552 pa-
tients with clinical suspicion of labral injury, rotator cuff
lesions, impingement, or pain of unknown origin were
referred by an orthopaedic surgeon for an MR examina-
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tion. A total of 104 patients with MR evidence of superior
labral lesions were studied until and through the time of
surgery. An additional 36 patients were assessed as hav-
ing normal superior labra, but rotator cuff lesions. These
36 patients were also studied through the time of surgery
to provide a comparative control population. The total
study cohort was 140 patients.

The study population consisted of 103 men and 37
women with ages ranging from 15 to 72 years (mean,
35.4). There were 86 right shoulders and 54 left shoulders
studied.

The majority (110 of 140) of patients provided a history
of athletic participation, particularly baseball (31 pa-
tients), tennis (23 patients), and football (19 patients).
There were 11 professional athletes included in the study.
The interval between MRI and arthroscopic surgery of the
shoulders was 1 to 219 days (mean, 43).

MRI Technique

The patients were examined with a 1.5-T superconducting
magnet (Signa, GE Medical Systems, Milwaukee, Wiscon-
sin). All patients were supine with the humerus in a
neutral position. Either an anterior loop receive-only sur-
face coil (Linear Shoulder Coil, Medical Advances, Mil-
waukee, Wisconsin) or phased array surface coil (Shoulder
Array, Med Rad, Indianola, Pennsylvania) was placed an-
teriorly over the joint. With the aid of an axial localizing
image, the following sequences were obtained:

e An oblique coronal fast spin echo, proton density
weighted sequence; repetition time (TR)/echo time
(TE), 3500—4000/32 msec (effective) along the axis of
the supraspinatus muscle; 512 X 256 pixel or 512 X
384 pixel matrix; two signals acquired; 16-cm field of
view; and 4-mm slice thickness with 0.5-mm inter-
slice gap.

e Oblique coronal fast spin echo T2-weighted sequence;
TR/TE, 3500/108 msec (effective); 256 X 224 pixel
matrix; two signals acquired; 16-cm field of view;
4-mm slice thickness with a 0.5-mm interslice gap;
and frequency-selective fat suppression (Chem Sat,
GE Medical Systems).

e Axial multiplanar gradient echo T2-weighted se-
quence; TR/TE, 400/20 msec with a 20° flip angle;
256 X 256 pixel matrix; two signals acquired; 16-cm
field of view; and 4-mm section thickness without an
interslice gap.

e Axial fast spin echo proton density weighted; TR/TE,
4000/17-34 msec (effective); 512 X 256 pixel or 512 X
384 pixel matrix; two signals acquired; 15-cm field of
view; and 3.5- to 4-mm slice thickness and no inter-
slice gap.

The echo train length on all fast spin echo sequences
was 8 to 12. Scan times varied according to the number of
slices required to cover the region of interest, but ranged
from 25 to 30 minutes.

The normal glenoid labrum is triangular in cross-sec-
tion and has homogeneously low-intensity signal on all
pulse sequences. It is attached to the glenoid rim at its
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base. To localize labral tears, the clock face was used as a
reference point, and the superior labrum included the 11
o’clock through the 1 o’clock positions. For a tear to be
considered a SLAP lesion, the abnormality needed to ex-
tend across the biceps anchor.

All examinations were interpreted by a senior musculo-
skeletal radiologist (HGP) after consensus review with
two musculoskeletal fellows experienced in musculoskel-
etal MRI. The findings on physical examination were not
available at the time of review. The labrum and the long
head of the biceps tendon were evaluated with respect to
signal intensity and morphologic characteristics. Labral
lesions were characterized as either frayed, a flap tear, a
bucket-handle tear, or a displaced flap of fibrocartilage.
The long head of the biceps was followed to its origin from
the supraglenoid tubercle, with attention paid to the fibers
that blend with the superior labrum.'! All superior labral
lesions were confirmed in both the axial and oblique coro-
nal planes. Superior labral tears were classified according
to the classification by Snyder et al.2°

A type I SLAP lesion was believed to be present on MRI
if the superior labrum was hyperintense and had an ir-
regular shape and if the biceps anchor was stable. The
high-intensity signal in the labrum likely corresponds to
mucoid eosinophilic degeneration.'®

A type II SLAP lesion was believed to be present on MRI
when a line of high-intensity signal was seen coursing
across the base of the hyperintense labrum to the periph-
ery. The long head of the biceps tendon had normal signal
and shape and was attached to the avulsed labrum in
these cases.

Type IIT SLAP lesions were characterized by a line of
high-intensity signal coursing across the base of the hy-
perintense labrum but extending beyond the equator. This
was thought to represent an undisplaced bucket-handle
tear. If a discrete piece of fibrocartilage was identified
within the joint capsule, this was thought to represent a
displaced labral flap. The superior labrum was deficient
and the biceps tendon could be followed to the supragle-
noid tubercle.

A type IV SLAP lesion was thought to be present when
a line of high-intensity signal was seen coursing across the
base of the normally hypointense labrum to the periphery
and extending beyond the equator with a deficient supe-
rior labrum. In addition, there was hyperintensity and
splitting of the fibers of the biceps tendon.

All surgery was performed arthroscopically by one of
seven surgeons. Review of labral lesions was undertaken
by the attending surgeon using a combination of operative
notes, arthroscopic pictures, and video recordings. The
MR interpretation was available at the time of surgery.

RESULTS

At surgery, superior labral lesions were found in 102 of
140 patients. There were 33 type I SLAP lesions, 51 type
II SLAP lesions, 7 type III SLAP lesions, and 5 type IV
SLAP lesions. Six superior labral lesions did not specifi-
cally fit into any one category. This has been recognized
before; Maffet et al.'* found that 38% (32 of 84) of the
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patients in their study had significant findings that could
not be classified.

There were 38 patients with normal glenoid labra at
surgery. Included in this group were two meniscoid-type
labra, one sublabral foramen, and one Buford complex.
These were confirmed with direct visualization and prob-
ing at the time of surgery. The Buford complex was cor-
rectly interpreted on the MRI.

One hundred of the 102 superior labral tears seen at
surgery were prospectively identified on the MRI scans.
The two false-negative cases demonstrated a frayed supe-
rior labrum type I SLAP lesion and detachment of the
posterosuperior labrum type II SLAP lesion at surgery. In
addition, tears in four superior labra thought to be seen on
the MRI scans were not confirmed at surgery. One patient
was shown to have an intact superior labrum, two had
meniscoid-type labra, and one had a sublabral foramen.

With arthroscopy as the standard, MRI had a sensitiv-
ity 0f 98.0% (100 of 102), specificity of 89.5% (34 of 38), and
accuracy of 95.7% (134 of 140) for detection of a tear of the
superior glenoid labrum.

Thirty-three type I SLAP lesions were confirmed at
surgery with 30 cases identified on MRI. Two cases were
prospectively read on MRI as having torn type II SLAP
lesions, and one was read as having no lesion. There were
also four cases interpreted on MRI as type I SLAP lesions
that were regarded as type II SLAP lesions at surgery.
There were five paralabral cysts decompressing into the

Figure 1. A type | SLAP lesion in an 18-year-old tennis
player who had sudden onset of pain and clicking after an
audible pop during a match. He had since complained of
intermittent recurrent pain, particularly in the overhead posi-
tion. Coronal images demonstrate a frayed, hyperintense
superior labrum (short arrow) with decompression into a
large paralabral cyst (curved arrow).
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adjacent soft tissues detected on MRI (Fig. 1). Four of the
five cysts were seen in association with type I SLAP le-
sions, as confirmed at arthroscopic surgery.

Fifty-one type II SLAP lesions were identified at sur-
gery, and MRI correctly identified a labral tear in 46 of the
51 cases (Figs. 2 and 3). Of the five cases not identified on
MRI, four were misrepresented as fraying (type I), and one
was misrepresented as normal.

Figure 2. A, atype Il SLAP lesion in a 33-year-old man who
had a long history of right shoulder pain that was exacer-
bated by a recent skiing injury. The MR images demonstrate
a tear of the anterosuperior labrum (straight arrow) at the
insertion of the middle glenochumeral ligament (curved ar-
row). Note the frayed superior capsule (small arrows). B,
arthroscopy confirmed a massive superior labral detachment
(straight arrow) extending from the 8-o’clock position to the
4-o’clock position with the biceps tendon completely de-
tached from the superior glenoid. Four bioabsorbable tacks
were required to stabilize the lesion. The asterisk lies on the
humeral head.
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Figure 3. A type Il SLAP lesion in a 46-year-old man high-
level recreational tennis player who had shoulder pain. The
coronal image demonstrates avulsion of the superior labrum
from the glenoid (straight arrow). Note the retracted biceps
tendon (curved arrow) attached to the avulsed labrum.

Figure 4. A type lll SLAP lesion in a 24-year-old male pa-
tient who sustained a fall while skiing. He had since experi-
enced pain during overhead activities. An axial image
through the labrum demonstrates a detached labral fragment
(straight arrow), as well as a frayed superior glenohumeral
ligament (curved arrow).

Magnetic resonance imaging prospectively demon-
strated four of seven type III lesions, three of which were
displaced (Fig. 4). Three of the seven arthroscopically con-
firmed type III lesions were described on MRI as type II
lesions.

Biceps hyperintensity and splitting of fibers, when seen
in association with a tear coursing through the base of the
superior labrum, was indicative of a type IV SLAP lesion
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Figure 5. A type IV SLAP lesion in a 20-year-old baseball
pitcher who had pain and discomfort related to throwing in
the early acceleration phase. Far anterior coronal image
demonstrates the displaced superior labral flap (straight ar-
row) with tearing and fraying of the biceps tendon (curved
arrow).

(Fig. 5), and this was noted on MRI for all five type IV
cases subsequent to arthroscopic confirmation.

DISCUSSION

Superior and inferior labral morphology are distinctly dif-
ferent. The superior labrum tends to be loosely attached,
more mobile and meniscal in appearance than the inferior
labrum, which is firmly continuous with the articular
cartilage. It has been suggested that the superior labrum
may act as a mobile extension at the glenoid surface
rather than as a stabilizing bumper restricting transla-
tion.* Hence, a mobile and loosely attached superior la-
brum should not be considered abnormal unless there is
definitive tearing or detachment. Furthermore, the supe-
rior and anterosuperior labrum have diminished vascular-
ity relative to the inferior labrum.* This poor blood supply
may account for superior labral degeneration with in-
creasing age and explain its vulnerability for disruption.

Histologic examination of the glenoid labrum shows
that it is composed of poorly vascularized, moderately
dense bundles of fibrocartilage.® Eosinophilic degenera-
tion is a common finding, and intralabral ossification has
been described.'® There is a thin zone of transitional fi-
brocartilage sitting between the labrum and articular car-
tilage, as first described by Moseley and Overgaard.'”
This transitional zone is continuous with the adjacent
hyaline articular cartilage and may only be a few cells in
width.® This transitional zone is accentuated on gradient
echo MRI'*® and has been misinterpreted in the past as
either a sublabral tear or a sublabral foramen. Further-
more, gradient-echo techniques are limited by their sen-
sitivity to field inhomogeneities, including orthopaedic
hardware, arthroscopic metallic debris, and paramagnetic
agents such as hemoglobin-degradation products. This ar-
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Figure 6. A, sublabral foramen in a 53-year-old patient who
presented with anterior shoulder pain. Axial images demon-
strate a line of high-intensity signal at the base of the antero-
superior labrum (arrow), which was prospectively interpreted
as a superior labral tear. B, arthroscopic examination dem-
onstrates a sublabral foramen (straight arrow) with smooth
edges and no synovial injection. The anterosuperior labrum
(asterisk) was freely lifted from the labral base, creating a
foramen. This was one of the false-positives interpreted in
our study cohort.

tifact limits the use of gradient echo techniques in the
postoperative setting.

Early studies suggested that unenhanced MRI is lim-
ited in its ability to depict tears of the superior la-
brum,® %' with sensitivity for detecting tears ranging
from 75% to 88%, and these sensitivities were relatively
poor compared with studies of anterior labral tears (95%
to 100%),719-12:16 glthough the sample sizes were small.
In response, several investigators have advocated MR ar-
thrography using both saline and gadolinium as contrast
agents to improve accuracy by distending the joint and
allowing fluid to undermine tears.? '®22 However, intra-
articular injection of contrast is time consuming, expen-
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sive, has yet to meet with US Food and Drug Administra-
tion approval, and removes the noninvasive advantage of
MRI. Furthermore, the distension of the joint with intra-
articular contrast distorts the native anatomic relation-
ships of the labral-capsular complex and is not part of
routine imaging of the shoulder joint.

This study involves, to our knowledge, the largest re-
ported series of superior labral tears prospectively identi-
fied on MRI with subsequent arthroscopic correlation.
This is also the first reported series using a phased array
surface coil and 512 X 256 or 384 pixel imaging matrix,
and attention should be drawn to these technical aspects.
The use of a phased array surface coil design increases the
signal-to-noise ratio by virtue of several receiver coils
working in concert to receive signal and promote field
homogeneity. The matrix of 512 X 256 or 384 pixels yields
a smaller pixel size, which translates into superior spatial
resolution, enhancing the conspicuity of subtle labral fray-
ing and detachment. The fast spin echo imaging technique
decreases imaging time and is invaluable in the postoper-
ative setting because of the reduction in metallic artifact.

We have specifically chosen TR and TE values to take
advantage of the magnetization-transfer effect that will
optimize soft tissue contrast and provide good contrast
between native joint fluid and fibrocartilage. Native fluid
undermines a torn labrum and is seen as a line of high-
intensity signal between the glenoid and torn fibrocarti-
lage. Using our technique, sensitivity is high (98.0%) but
specificity comparatively low (89.0%), mostly because of
labral variations. The overall accuracy in identifying
SLAP lesions was 134 of 140 (95.7%). Magnetic resonance
imaging was less successful in classifying SLAP lesions
into the four subcategories, particularly in its ability to
discriminate between type II and type III lesions. Identi-
fication of SLAP subcategories will augment surgical
planning, as type I and III SLAP lesions are commonly
debrided, while type II and IV lesions require stabilization
of the biceps anchor/labral complex."® As MRI resolution
and technique continue to improve, accuracy should im-
prove with respect to these subcategories.

Labral variants pose a problem to accurate labral inter-
pretation. The meniscoid-type superior labrum may be
misinterpreted as a type II SLAP lesion, and this was the
source of two false-positives in our study. The meniscoid
variant maintains a firm, focal attach