December 29, 2016 }-
VIA EMAIL AND COURIER

Ms. Kimberly Martone

Director of Operations

Office of Health Care Access (OHCA)
410 Capitol Avenue, MS #13HCA
P.O. Box 340308

Hartford, CT 06134

Re:  Yale-New Haven Hospital
Replacement of SPECT Imaging Equipment

Dear Ms. Martone:

Yale 1

NewHaven
Health

Yale New Haven
Hospital

Please find enclosed one (1) original hardcopy of a Certificate of Need application from
Yale New Haven Hospital to replace two (2) SPECT cameras with two (2) SPECT/CT
cameras. Also enclosed is the application fee and a USB with an electronic version of the

Certificate of Need application and financial attachments.

Sincerely,

R

VP, Strategy and Regulatory Planning

Strategy and Regulatory

2 Howe Street

New Haven, CT 06510
Phone: 203-688-5721

Email: nancy.rosenthal@ynhh.org

ynhh.org



YALE NEW HAVEN HOSPITAL
REPLACEMENT OF TWO SPECT CAMERAS
WITH
TWO SPECT CT CAMERAS

CERTIFICATE OF NEED APPLICATION
16-32124-CON

December 2016




Checklist

Instructions:

1. Please check each box below, as appropriate; and

2. The completed checklist musi be submitted as the first page of the CON application.

>4

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

(*New?*). A completed supplemental application specific to the proposal type can be

found on OHCA's website at “OHCA Forms.” A list of supplemental forms can be
found on page 2.

Attached is the CON application filing fee in the form of a certified, cashier or

business check macde out to the "Treasurer State of Connecticut” in the amount of
$500.

Attached is evidence demeonstrating that public notice has been published in a
suitable newspaper that relates to the location of the proposal, 3 days in a row, at
least 20 days prior to the submission of the CON application to OHCA. (OHCA

requests that the Applicant fax a courtesy copy to OHCA (860) 418-7053, at the time
of the publication)

Attached is a completed Financial Attachment

Submission includes one (1) original hardcopy in a 3-ring binder and a USB flash
drive containing:

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

2 An electronic copy of the applicant’s responses in MS Word (the applications)
and MS Excel (the financial attachment).

For OHCA Use Only:

Docket No.: |5 321 2;}; (;\kl Check No.: D1 429349 15
OHCA Verified by:_| Vi~ /'f Date: {7 s
eritied oy 4 ate : 7/0\\\ l‘o




TABLE OF CONTENTS



" YALE NEW HAVEN HOSPITAL REPLACEMENT OF TWO SPECT CAMERAS

WITH TWO SPECT CT CAMERAS - CON 16-32124-CON

Attachment 1

Attachment 2

Attachment 3

Exhibit A

Exhibit B

Exhibit C

Exhibit D

Exhibit E

Exhibit F

Exhibit G

Exhibit H

DECEMBER 2016
TABLE OF CONTENTS

Pages
General Information 1-5
CON Public Notice 6-9
Affidavit 10-11
CON Filing Fee 12-13
CON Application & Supplement 14-46
Determination Decision from OHCA 47-49
YNHH License 50-51
CVs 52-78
Articles Regarding SPECT/CT 79-150
Letter of Support 151-153
YNHH Financial Assistance Policy 154-162
Audited Financials 163-215
Financials and Assumptions 216-218




ATTACHMENT 1
CON PUBLIC NOTICE




e CLASSIFIED

NEW HAVEN REGIST

monskter:

Monday, Norembar2l, 20I6 B 10RE LERATES 4T FACEBODK.OCK/NEWH

ANDTWITTER.GOM

R

-.._i L.g (e BT '!-‘E

» HOW TO PLACE A CLASSIFIED AD:

CALL» 1.800.922.7066:! 0

Clazsified is open Monday through Friday from 8am to Spm.
The ad daadiing is Sprn for publication the fallowing day fFriday @ Spm for publicetion Sunday or Monaay).

EMAIL» classifiedads@nhregisier.com

WEESITE » www.nhregister.com

FAX

+1-888.243.0060

Flaaz e chech yourad an the first day & (s publst s to reabs sure ftie coneet. [fyna find an ez, phease raport it BAWETHATERY. Call 1,600.822,7056. Tee K ew Hiven Ragister wil e rasponsibl for anky ONE incorest nsert oo

I ﬂﬁwg Eﬂ LEGAL NOTICES LEGAL HOTICES LEGAL NOTICES LEGAL NOTICES LEGAL NOTICES
mgﬂn mmﬂgﬂne LEGAL Nﬂr'ggE LEGAL NOTICE LIQUCR PERMIT HEW HAVEN CITY Pun%llg: Neﬂ:?l‘.e
Cross; 2nd ML s'lme. P 4 Pursaa Ll on 19-
Tbsse ity haat PEOPOSALS - The ¢ Court has Notice of Applization PLAN COMBESION | 1B Snancieot
EE"’“ one faund that the persons NoTic | Statutes, Wals
Services Provider Jisted belo o graper Thisis gvt natice DECISIONS Mew Baven Hospital will
mhak | Penasme] | e BAene ., | |
= cate (-] [=ci)
s gon | |5 | | ondi R o | | BT R | [
i e Ok 2 Siate S ficantcen
15 issuing a Reguast for ormectisout bas  peti- %anunﬂ(}wml ﬁepm" Yn"l&N:w Feiveest Hixspitial
Proposa’s for & One Stop ‘hnned for far‘fme af Haye flad gnapplication af 10 residential uml.s n Add ress
smltcEnm”‘:ider VurthF operty. Tﬁsﬁ n"zrdeﬂ i1 11.?201-6 a BA 2000, (0wnertppl- 450 s oé ?tr:ﬂ'. Hews
South region ol } Hauven, 1
tomestiont, Fun unlastge m.unegs apuear Onﬂsln'rlu Proi: rhm far “";'"5"& Sryluk of Oryx 111 Gaese Lane, Gudford,
awaliablz under tha !: 13 contest lhe 4 RESTALIRANT LIGUIOR: 3§ FULTON STREET. Cer- CT 06437
#ral Workfaree Innoustion the Siate D&E PEHMIT!'orthE eab fificaie. of vl Proposal:
e Bt et | St Ts e & peratk alcanalic liquar on the Location (ALY tor usen | | Replacement of 2 spECT
othar tad and judgment, residtingia remlmat far Dazler i an iF zene, §| | C2mers with 2 SPECTAT
SOURAES. waMnn:e Al e o e Property. 4 STATE Qe Pasguzle Somme Camerad
#1 Rental Company ance reserves e wiilat NEW HA\-'EN. cT of §5 LLe: Appileant Exlimatid Tolal Prodact
It NEW HAVEN eral rjgpr o extand this "I"ne Caurt g&dgfg& 06511-3520 Riehard Lhwpby RL Ens%? Enditure:
ppearimenis far R The nﬁ?l il g v bl ﬂ{h it a0 S mespesytee | | iaes iy o —
- Wil m’ﬂ.l [i3 a R, erior Ry 3
starmgatgrsmad Uit | | 0 i ekl e HOSPITALITY L e VOB ST ESTFOR
1.3 3,45 & & Becroom mrhar:eal;ian:e S Elim Sires, iew Enfertainment vl i Remi T I REQU
. n;n:{.samr'nnelulg.y .Bnlﬁd Now, 13, 201 w1|| Favan, T 06510, conalst af Nane Yo Eavas Hall T R QUALIFICATIONS
s Canfarence
o5, Sinigle Fey | be held an Wednesdzy, | 8 Tha following I= a llst of Objectisas must be fled e adinen ~P&EC&T:E R aul{mm
mmF|r1Enrma k. E&ﬁ“{.‘;@"'m at 1330 ﬁm%eln:nn £ases - fys 1273425 b DIAL SERVICES & EARD
o8 il
{some inciude Frad b =50 Elfa & snulmﬁl 560 In LS, Currancy BBl HAGATA }ﬂmf%‘m‘ UWINEW SURFACE FLOOR CARE
T Rew e rosneal v el s b 1 pstihwo pact | | the soin cenval con-
Isg:rmje‘;r;ﬁ "‘a“{’:‘{'ém'"’té MG\P:P- In Us c.mm;: Py Silo Blan Review for now necticut  Heaional Water
203-773-9710 farea Alliamge Dy 3:00 A, [heigy el Lewds] %TEE?EMMEIH ahi #élah%rrhuy "‘.—,&ﬁ"ﬂiﬂﬂg
;lm!!dzr's &%;‘;ﬂ?ﬁ 216 oy SEAN MEELI 5 LANDSCAPERS| RREL zan o custocial sminﬁ nnd
ToRsEE! ] RICELINHNES: Place Fad fn our BEslnsss
L{::] C.)K§ on Tuesday, lanuary 24, Assistant State's Attorne; e:,.:g:]djn- r our Service &gg%ﬁuﬂfc m“md Ir}gqnma:g ur?l?e lbegmna.
d 3@3’5«"" e nﬁa]s Judicizl Uklrugghlzw Diseetory. Our readers wiil il 53 ann e \itar Acthar
i G‘M '
18,281 g hose et serves the righ £ “‘*Pf T i et iy il LoOELT, apin i poses Lo the RFQ
4 &l or rasect any or all por- Meyw Haven, CT 08510 Call 203-850-6528 1 h ezl
W*“'e”ﬁﬁ}l‘“ E"g;",‘ Hets o 2 praphssl. L0/ Vel Co08) TeT455 for phaiatle ustn'an el Bt eg e m",‘éﬁ
Locata WO .
fals mitres R - THDUSE HUNTING? cant: Fetma Catalsasogi) a.f Euoiﬁers lieing
N o m,,;, icoe e UsE THE nf_,:gfrm:as SR GUAEIED Ig.‘:slindé? far Bulh:l;ﬂ
ith o tra TpEsues = EOR 3 Servir
from 1 58, SE7s- 1075 2 87 “ﬂnmma advartising needs! OF YOUR DREAMS NOTICE OF Sanrica Fiar Ca1a,
FIG-51175: [4e h=at & hat PLUBLIC SAE
wmr Fall épeclal 172 otf L A sy of the REP ﬂ:‘:ig
mantle’s rang. Hﬁrwur 10 BE HELD AT: ahmmnd at tha Purchas-
appnlnlmm R Ten s .pg Dcpr.rbnrnt at the a;
SELF STORAEE ya: ] abwa ad-
Ao Bt B?":hd &3 e L Tl B e 5
arHien, onday
ﬂmr. LUlae St 53400400, Ho DATE: 4 _pm, Monday oo
Pots, 203-314-E557 forinfo, Hgvamber 29, 2015 ‘on dors may alsn
BEGIFS AT: 11700 Al nu&&,ﬂxln mm%mm
conpmions: an i | | SREREE TS
i S e ] |9H0H St
titermet, ids 1 wi ® Hhen “Dar
e 'l}t'uk. SESG e, 20331 :;‘i re&r El?:;"m‘;rr‘l'tt iz i Mmssm‘g%h tf:hduw
New "wll m':dn :Tk 1 AUTOS WANTED ba mai ca::il g:gl( MEss with.__.7
ursz%lcra:z :Emrw | :es-ehn‘r“;erg- - Nn uer:nnal Slecks a0 ac: Egrmrzsﬂnﬂgepw
”“&'lnam)mhsn Weun alsodu all han::nmg:nh fr&m e nrit u:r’|11t ;.Im[ epar la.t m
Kaven & Ovatnge mrabla. n&llw du= nmmmmdw e neumhefs,zmi
Tﬂ Ad. Apt= STEDGWAY, Baldvir, Horiamans g of b 80 e
1428 s&emc.e;m s Crand & Vartieal pla— Free EstinsloLic. 06be524 wal my :'L.lh-ent [ prl—
Al o, Loount,
SR, pmd““’m‘ ,m““"’“ KEN 203.558-4951 ki o mé‘“‘“m‘“u&%“
20 yrs evperience Uit 1428 Kibery Cal- 0 Bargent Drive
HICHOLS Zajuay WHll by El|
REXT NoW! )lﬂ‘.lr serag steel, cars, truckes, || REMEMBER - whan pilaciy furniture, bexes
m., trailers, cnnﬁr.buﬂer\- = clzstifad to get Tasl iesuits
WEST IRAVERH Hew Haven 1 Ren, Effie, Apk. 'ﬁih"’a“’ exqula. 45 Meadwy | Be sura 1y Inclade: Unitrznsﬁ Jushuahlamnr
1 ER, SASI-5995 wyheat, W | 1533 Chapel SE 3rd iF Clintan €. S60.565-2618 Tyl g ustas.
Includecl. Suail now! Far apat (up, Si7s/ma. + 51000 sec. All o L allatla s ealloe Uriit 2138 Clwde Toles
2035317700 k. nel, Aval ieed, DOAHPE L abe 6 sacyaz 1 - bike, 76 Oit, DR,
I HOUSESEOR =
East Hawenz 3 bdrm, 2nd fiz Ecuddﬁt-:kﬂz!“gnﬁ:ilgngj
m -
2 itcontes, fiopats S350 + 1 Memdny, November 21, 216 niture, TV, baoks
fric d2n. 203-G40-1164
Uit 2260 NG in Davs
1 hoows rorpet | GOREN BRIDGE || | smrisneg
Hamden, Furmished room
Sliare howse, Kichen, Cabile WITH BOE JONES Eml.l’lr;lrc mﬁg:mtﬁa#nmg
nggml‘ k.m}z.:"ﬂr;.cn' SEO1E T U ARy LU " ralinstruments
i ol WEEKLY BRIDGE QUIZ ANSWERS Yrkassn lugulsral‘lsrwd
I ém I - Meith In=rable, as South, 4 - Both vulnerable, as South, you furniture,  hoves,  mat-
ik R S e ) trezs, stredler, bike
l.1l: dP:l?2 dr:sld FOEJITAZO U600 4m10
For comimer s ch BRJESTATIOAIISJOTY ] 1 z
Ul wark. 5 aﬁhased A HOME OF
e, Plaase call Y schedule SOUTH WEST NORTH EAST  Parmer passes and sodoes dght-hand e
an inderview 203-223-1151 ;A b is Pas oppanent. What eall wobid you e Joba o mmnr"ls
DRIVERS What call would you moke? AT A Se\'.:agg‘:’-‘wﬁdch_g%ﬂzﬁ
RRIVER - Shorefline Fuel o, 5 A= Partner is 8 passed Band and you mugamm ha
ail rm::k dﬂ\ﬂﬂa;ﬂp- req'd. A - Permec bas promised at least five  yaye oaly e ru‘::m. "Ihr.: UPPUISILS Haw Havan Aegister
& Medical spades — he woold have mads a m”m-\.g? fou gome. Do Cirzslfisds,
ca:h reqd hrll & Pa:l-‘l"ma. megative doubls with only foor  yourbescin g;‘[mﬂ]ﬂ[ way, Bid peo
] 203-455-215, Bam-4 Deepi a:u‘:m Fon cicly batanced feans
manie of your hand, bid teo spades.
IL . 5 - Morh-Sooth velnemble, as MARMADUKE
Im'stn\mﬂtlhscfml-; dln Q 2 - North-South yulnerible, 85 Snoh, you hold: g
ies, eir Short & sauth, you hiokd:

o, 203 -3 -EH!

wrnveflielineni reinanak
[ SHILLED LACOR

e Medi-
1k, Call 203

PR
CLASSIFIED
IS OPEN
A:00 AM - 5:00 PR
MON-R|
Call tﬁm.ME:.?ME

oF emalt
CLASEIFIEDS @
MHREGISTER.COM
Irs 'llvE GOHVENIEHEE

ﬂn l;
dassifeds.

o
duds ound in 1.|'Ju

AKOITEAZTASH &GS

WEST MORTH EAST
Pasy INT Pass

b

Whist sull would you make?

A = Ther are oaly 13 high-ca

poinis, B this hand iz well worh a
p orobil. Bid tucs spades. We

| .L“"“
noww seme wild men-ywho wouold bid
[our spicies.

SOUTH
Tk

23 - East-West vulnerable, as South,
you hald:

AQI&STAZO QOGSKESZ
SOUTH  WEST NORTH EAST
1 15 Dk 26
M gative, valies with no clear bid
Wis call windld you m

A - This i5 a command CTIACE.
After the negrtive double, you must
compete o twn spedes whenever you
v Four of them, even with a dead
minimem. Bid twlo spackes.

T

AAKMETETEE20428A0

Piiriner passes mnd a0 does dabe-hand
?nt. Whet eall would ym
make

A - Parmer misy be quite weak and
its peassible that the nents will
oubid you on this ban one
spede. You don't waot a beart lead W
partnsc g em

Q 6 - Both vulncruble, as Soutk, you
hald:

AAQIBE2ITAQIIOC IDMAA

SOUTH

WEST NOKTH EAST
1a Pazs  IND Pasm

When eail wonld vou make?
A - Thig &5 41 cxeellent hamd, bot it i

nat it wonh & jump o thres
henrts. Bid twa hoarts,

(Belh Jomee welcomes peaders’
e-rrafly of soaeditormE tribpnd o)

“Just znother two seconds and
the show starts.”



o CLASSIFIED ™

Tussdey, November 22, 3018 B uaw UFLSTES AT FACEROD ILOOMMEWHAVENRES ISTER AND TWITTER.SOMINHREGISTER

HAVEN REGISTER

monster

» HOW TO PLACE A CLASSIFIED AD:

CALL» 1.800.922.7066 -

Classified is open Monday through Friday from 8am to 5pm.
The ad deadline Is Spim Tor publication the following day (Friday @ Spm for publication Sunday ar Monday).

EMAIL» classifiedads®nhregister.com

WEESITE » www.nhregister.com
FAX » 1-888.243.0060

Plezse checkyeur ad an the firet day 2 s pablished ta et ot itis zoeract IFyan find e emor plose report & IVMEDIATELY. Call £ 5009223055 The Hew Heven Reglete il be responstle friran'y ONE Tormimart insesilan
sl L Ll .,

APARTMENTS FOR HOUSES FOR l LEGAL NOTICES I LEGAL NOTICES I LEGAL NOTICES l PROBATE NOTICES
RENT (UNFURRISH IHENT;I.INHIIMISHEI_J} e s et
gy Easl Haver; 3 bdrms, 20d ﬂmui LEGAL NOTICE M of REPRESENTATIVE NOTICE TO
L | Bl Pevtmit Application || TOWN MEETING CREDITORS
ROOMS FOR RENT CORPORATION CORMECTICUT Sacqieng b heen,
Pa— NOTICE OF END OF m&-‘s“’ peraty gheentrat § ||| SPECIALMEETING B[] 28 mequeline Labanty
Share hovse, Hitck hm INSTANT EARE
Bre house, e, Henfand me “appli Tha Hcln. Bzverly PLSLre
T Il Wh-'ﬂl}e P— uanm of 127 wiest Lane, | B The RTM will be conuered g of the
: nhisieall| it | |- oot | T ariok] || By e he
#1 Rental Company I Es'mumwim“ I e s Bty & Envrormantal | || 2016 at &0d gm. 2t Bran- gyﬂngc‘r{gﬂcﬁ;ﬁ&
azme, Protectiog an tion eatmiarters, | | Boeniar T MG, nrdaned
Tn NEW HAVEN LICENSED P-2 PLUMEER E‘he “Ogﬁ'z%" 4 ‘EID"" uncter Gections 722361 |l 45 torth naain street, to ff | ) R clalrru Bl
For eommereiatand residen- | | Sy e oot O ) of the Connecticut aen- cansider and act usan the | | 5% 05 75 T o
starfing at suanl}p! finl wark, Salany based on e ickes, jn- | 5 Sl Chs, w\:’ Tallowing makters: at the & re 55 el Fall-
WEAa L dheon || e Plsase collloschedse | | ludigonpaee 1ot Bl coacior e movagmit | () 1. nai can urd o pratiy. presui
AprmntsforRon, ||| anWeIVIEWHE-RELL | | gand wse be s tirs of fha Stata, 2. 7o hear a presentatien | | | 37hS07 lelm ey sesuit
Hi Rmt;[’rszs, Muit-Farnily HURSING na fater then 5/16/17. ARSI G e et e n?hts 10'va-
Humlses,sm |2 Famijl. I—.._ (Hhiclal Procedures g iﬁml lennt selartad staft. and f‘ﬂ\!f an such claim,
Commrcie] Rantais, AN'S towiark In sehiecls, clin- | | far &I Serateh Games FReHiniesly the pella by Ricen drett
i ing (e ET.I:‘.SHOR«HDH Term 1o lhls gatne, Thase arizer ?u' oy AlEE i Haren Adams,
ome inciure Eree ooty | | B 1L il Proceduss, as !fm“g }a'”% n““dng'g golse LLE Dl planieif agslstant o
ot waker, F"BEP-"-"J“"DJ wurw.ilfelénenulslng niet well & end of game and |eut wakers. The propos=d Seninr Canter a:ld.lhnn P
and much moras unclalmeﬂ priEs informa- The fiduciary is:
Il siLLED LABOR are avaabie ot o | | | 255k il take place at | | § and rensustion.
2037739710 oyt smm & 137 Wees 1ane. SUIC A Wfichline Ejordels o ba-
ELECTRICIAN, E-2- FT Parma- | |y rear B e aenaasea acenity will ‘-m E:.SIepIanElq,, darson
!!nmuppnrtUWMih 131-%: Eﬁmk ot Rac W il putanhally affect coastal Dated this 1=t dzy of Rimne St.
250 g TESTLICES, Neemazr, 1016 rakﬂeld CT 06854 J
L@ @'x! leuc?dlﬁh ma§nmhad. DeﬂnrsT.F‘Iamoan -
dis 5 [it
ANSOHIA B . Paablic Nati u‘Eclmn ogies £ of the. 2 {the o ||| Branfors NOTICE TO
1& 2 BR tawn hause onlts :al,mzmal.unm_ r:a]ha:h [T Holice ahnn m Coasdine CREDITORS
A | oo |ap g || Beih ' Bl
e 1 ke e 8 of g Comnsciep || mart L% <2 57 T || "STATE OF cONN s
nemtigven and tgapore | [LLEGALNOMCES || Hew aven, Hospival vl ||| o7 ocans, tlephons ool ||| Supeerior Court CREDITORS
it e o ol Prioes T ek of Nead Aimicie msﬂ.nmn,m.ng i Juw‘?ﬂlﬁ&l%hers ESTATE OF:
<8755117%; Inch heat & hat Lo Sallle B, Bran
it a8 il 20t CITY OF ANSGNIA plizar(s): Harry
Tt rere. eall for i NOTICE OF DECISIONE 1 eNewHauen Haspital The apalicaton I3 vl 0 Parts Unkn rwa The Hou, lohn A Keyes,
2 far i ection I3 [£] 2 o
“‘SA";.WH%’“‘ e rneting of tho e || | 2450 Chapel strest, e | § B of“jfe Bugariont ||| 4 petton has betn ied ate, Distict of Hiw
e | | sania Zoning Board of Ap- Hayen, €T 43511 of Ener: sazkng commiment of Hawen Probate G b
MAMDEH 5 rm, 2B, Istar2nd | § peals feld on Fovemnbe: 111 Gnose Lang, Guilford, 1ar Pm ed|m\, Dﬂ‘lr_e m‘ minor child of i nbulw dogree  dated | Oclaber
ir, nayaily remodgled, ng pel 14, 2014 the Board voiad [| | | CF 08437 Long tstand Seund amad or vesting of cus- | | 13,2086, ordered 20t ol
smaking, geod creditred, | § theTollewing: Fropoenk e, 7o i et | || oy and eareorsnimend | | § 220" he prese
&l Yo (203} 6719644 “H:rjmt of 2 SPECT arifard, {T NGL0G-E12T, of e shave 'lﬂ“Ed in 1o the fduciary at the
Newi Faven =2 A Sharmin | | DEHFED: 4 Myetle Ave. - | | § Cameras with 2 SPECT/CT telephoria (B50) 4za- a lawful, peivate tr- §ﬂ he, i
e, 4 B 1 A, dnd & Srd wnauelc%ers L16 = ra- | | Camne : fram B3g 19 430 onday | | § e aEeEy o A St
a!;] Tﬁ, syt Liest T Subokda 20 ok Etl_mned‘rgj‘el Fraject tirough Fri and werty  person. The sucﬁ:larrrl iy resull?y
i By oo e |st|nghulld|nFint|nmhm CosEExpan ditra; patition, whershy  the | | § the Joss of rights to raoe:
e nor-conforming (o 31,000,000 o o m;_ng w on suh clalr.
4 ANSONIE ZOKING EDARD Y Zonim Edlyard Cleary,
s?l'gr? d;s}gﬂgﬂ L s The, Planning & 1"""‘% 7255_ To“%,‘g,"m,ﬂt S L heard Aisiatant Gl
o | | ptaps oy N || Epege
Cﬂgﬂ at Anzaria, €T ring & Re ezt— "e u]nr Meeting of § |8 4aion, oT osll. The fiducharyi=
encinioon This 2204 tay of i NM'“W thwrscay, ovemoer A | | R therctore, ofoénzp, that 255
Vigst Haves & Grane November 2016 lhﬂ'éﬁmh e ! ;‘,‘;‘“‘;eg' e ““""9 o B e rive o
122 Bams b EMlencles, Dspacial permit & site | || 1), 1600 8 Comarie | poppcal T" S0, GAAL
Carpated & Laundry Routis Hatice of Beclsion Flan 161268, 1 || 25" et eroe | | § Htice: onee, Imma uate
sTardnn BH&WMIT .!\IEII. with  conditions  2)Pro Eranted: for additiona || re l LOST & FOUND
Wisodbridge Inland %sed Amsndmart o the | || fudrmmation reot gt mll E&g-m
Wetlands Agmcr 3 varlaice s yer oy 2 chlstion 1
BENT NGW! & its ragular maexing o rvEd it an efA phifbeity o dta'u New Haven, o1
0 B Noernoay 10 2016 1 it ?Jawva dﬂfv of lﬁaﬂ:s. &:-rglafﬂghaﬁringrF
- ) ] 2
on T i e & ||| s o o .
Micided. el naw! Fa sppt arding the 11716 T
203-231-7700 00 0] mvwhamﬂenmm & to Counsal Upon mhﬂ huﬂlﬂ[ﬁl!m
F Planning & mun Com< CARPENTERSL 008 of inability ta pay
g‘uﬁm S m : Stacy PAINTERS! 5 a‘;.lﬂ Jawyer, re Wuﬁ hame . on Runseuail smst
i) | SEM0 o angfor
mi Wﬁm Sl 2 Plaow yeur 321y e Business || S0t Spencs, AN s
Aobert gwnﬁ,,fﬂ Card Spation or aur Sarvies roquest showld he made
CLEAMINT CHT I T ool el mmdﬁhwy o e calid He may hae seare
THE CLASSIFIEDS ey | ATIGORGATAREY ¥oul ity ek ot eenitocrs. | | v Wt e i stts and eor
Saia e e w}"h,u?.; T ADUERTIEE TOUIR Call 202-EE0-8628 m@goﬂ;}m&ﬁaﬁﬁg
'.'ul'ln e MRS RENE medium g.,n-;'}r and whits wltr;
kL E.I_ BS 0
S vary sldt-
5‘31 mg dnﬂn'ﬁm: pedple or
WAMTED ALL MILITARY Theeeday, Movember 22, 2015
S - Weid.ﬂcwnr rang l:m wsr—sas.l
1S IDIKING For ar
Lo | GOREN BRIDGE | o Bt B
X Call to place yoyr || Mk (Ende 20420
WIUHtEEFS EESSDM T WITH BOE JOMES i .p. you ISP UNGED by Ham den ACD.
Call Ed, 203-215-4531 i TRAS Conkm Aguioy LLD Classified ad: 63, mal e husky, brawn &
| sy LEGANT ENDPLAY 1.800.922.7066 || o Rekase
ENTS ALEGY .800.922.7 )
tan-Fil = 60 m-E00 L it sl
sz, STEN\RY, Balddn) | EastWest vulnccable, Nechdeals,  sither Euu:mdr.s ar trescard Tieart e Hu&r&nﬁgn]u%%tﬁc :
A 5 Ay can-alsp ba-placed male al
Ly ‘,‘!',’ﬁm nmm mm NORTH St rode wilh dummy’s ace of Threugholr ebste Tﬂrﬂéﬁg‘ﬁgggm i< R,
Z03-264-0191 S T8 diemonds af trick ooe ond Ted the newhsventegiseicom o 12k
Gipln queen of hearts, Whea this was < by emeling
ROUNE FrIFRENT &A1D liowerd to il (e trick, declarer Tad clasifieciadsBnbraguter o QML TOLLFREE
H; Furnizhzd roam SAKIDOE & dismoncd (o hig king and ruffed E’Hs ' A 1-300-822-70686
Shara Erouse, Kitclien, Cable WEST TAST Tast dimmond in dumey. Dwmmy’s NEW TLW N REGIS TR T0 PLACE YDUR
T %‘“ﬁ"’m ity & A LDOS ag 3 Yoot Bk ni el e T v iy ; A ASEED D
s @63 GADA Bast, who contined with a fouth il
AUTOS WANTED cQosa $JT743 round of dizmonds. South reffed this
RS2 wJ764d in his hand znd drew the last tromp MARMADUKE
SOUTH with the jack nf heerts, What next?
HTOAD Declarer could try tackling the
TYEJT52 spades by leading Tow to the juck, and
CKEBG later low to the king, but he wus
o3 funniieg et of entries fo his hand, He
had only ong tump remaieing, s @
‘The bidding had zuess in & would put the
y rgnm ml Bqun{ \iEs:‘ gmmﬂ in ss::ila J?p“:l?% R,.’i"éfé
(RICHOLS Sal - Wi leading es, South fow:
wur sa-aﬁmce , cars. Ilrugg INT Pass :0* l’m elzpant play of lseding alow club Lo
er, it ¥ Pam 482 Allpats  dummy's 10! Batt was koown 1o
'g&l%ﬁ“ I'%“;‘ggfgm" + "Cherkback Stayman have 1o red cardd remaining, o he
{5 wes farosd to l2od & blaek st into
'Hlﬁlé BLOCK & ! Opening lead: Two of & cdummy. East did the best and he
coald and led u spide 10 West'sace a8
Mocih ranted Tis hand es being oo South claimed the rest. Mote that this
Kc MASQNW eond for & one ne tump opening. Mo Tioe Gf;l gy wonld have sueeesded
aond plaver would disgorea with iz even iF Eust held e ape-queen-10 of
eraqewalls-brckwalis- evnlua[rnn The exceliant five-card  spades.
bluestane-stens fira- nuit end e rich Luiemediate cards
placas-chi Lo~ make this band easily worth moeee (el Sfoner welcomes readera’
i all than 17 points. &outh uwsed respormses semd i care af fhis
u'{‘!!:'"nmrg L Checkback Smyman over Bucth's  mewspaper o (o Tribeone Contest
Mlabgwmy two no tump rebid. This bid of e Apercy, LLC., 16650 Wesiprove
mﬁ" “newr mince” asked Marth if be beld  Dr, Siifte (75, Addison, TX 73001
Froz Estimarss.
KEN 203-558-495L
20 yrs experience Fo




a8 [e [:L&Ssﬂ:lm I THE HEW IRAWER REBISTCR

WELESUAY, BSErAIER 23, 3008

I LEGAL HOTICES l LEGAL HOTICES ECLOSURES
NOTICE OF MEOTOR ||} The West Havea Zon- LEGAL
VEHICLE AUCTION h-le? Board Mﬂwmals NOTICE
b i Regular .ec—tlng
The ity of New Haven, § | | fofhawi FORECLOSURE
bl ax Calles- § 1 f ing an ;nNF;N.\" Nn
tor's office {in actor vember 1 2016, 1o the AUCTION
uance wlln .8, 12-155) FRoom, Set
crun At ortr || | ona Floee. city 4l £ SALE
Hzrzhy e netics that = in Stresk, Wast Have,
Motar vehicle suction has a{ -15 (ST made .he Bkt .
been smzdu'led through ving decisans. NNH-C\U_E-SOGIMIS
t'5 agent, Stte Masshal
r| Mark ﬁm.lﬂgdls. (203) APPROVED WITH CONDI \\.t:}ls Furgu
5 National Adsu tiatian
a5 l?uswu

DETE: {SATLAMY) 13/
TIME; 830 AL wiesing
500 A, Auchion
PLACE CHOWN AUTO
At Crown Street,
New HMI‘ cr
VEHTELES
3FAHPOLASBRISEEE
IHASAJ1EZALAN4E00
TPMZUT2I 4 ADR9
AS4ERBOOSE 3431834
SNPELIEFIEH101414
2HKYF181?9{5(-(§;’5
4F4\"RI5H.E\'.I'TM 18114
IMIEL1SS

IPMZUTAEEIATIEAL
15LRIABEIEEADG 4553
KRDICTA0IR0SE0IE
INABAJIEXTCRO1413
JTDA i} 47
KHAFLIGA2RASITAETS
1EMEZUT2EI UB DR 1Y
1GHEK13TIIR1Z6888
The Froperty haimg anc
tioned pursiant @ th]

natc: eiihei =cld “as
and “whiere s

NOTiCE OF I‘UBLIC
SALE: The following
Sl serage ik contonts
enntaining henseheld and
dther goods will be sald

cEth ubeSmart
1?1ce:uarsbtyreeLBranford
C7 DES05 0 satisfy o Ben

staragetreasuras.cam.

29 Cpest Averss — Paul
Eraduia

Jahn cliiford
Chairman

Town of East Haven
Bid # 16-10 Sand for
Snow & lee Contiol

Eeaied Biﬂs may be gub-

the Fiancs
0'ﬂce at Tmm Hall 150
hiain_Stree

|I a0 a .,

B A S i
Er

fi?n“ethey withl be apensd.

nne ariginal apd twa cop-
82 arew&mbe
lar {$

suhmlr.terl alon
Five Hupdied
530L00) Bid Boad.

Bids Spec |I‘|tath:n= e
avallatle at Town Hall oo
Novermbar 23, 2006 o on
the Tawn vensie:
AT RS =

The o

or of Fimancs
resenies the ht

to 7e-

all Bids or 1o

ma if 1t

-

fzrest of The Town of East
Hava to doso,

The Tewn af Ea.31 Hawes

R
U {al Ul m=
phoyer.

5. Ricza,
Director of Finance

M "H?ﬂel A, AKA
Ijlgll Lnr ot

AN ORDIMANCE APPROPEIATIKG Wégrlnl FOR THE PLANHIKE, DESICH, CONSTRUCTION,
EQUIFPIRG AND FURMISHING DF ALICE PECK SCHODL AND RELATED COSTS AND AUTHO=
RIZIG THE 1S5UANCE OF 5 00 BONDS OF THE TOWN TO MEET SAD APPROPRIA-
TION AND PENDING THE [ESUANCE THEREQF THE MAKING OF TERIP ORARY EORROWINGS

FIR SUCH PURPOSE

BE IT ORDAMED BY THE LEGISLATIVE COUNCIL OF THE TOWN OF HAMDREN: >
uﬂanl Thie sum of 32,540,400 hesaby approp riated by 2he Town of Hamden, Connect-
cier [the =Town™) far the planning, design, construciion, equlp}; and furnlshmg aof Alice
Peck Schoal and related costs, ml:im!ins.hut nat limited to, ind uliule |mpmvemams.
Includlﬂg hollu’ mnrabclmnﬂ; ropf replacament, hazardous aﬁh 3 ament in bulkding
nals 45 vl seersf pre-K nrnumrn 1mprmnenl_-. relata Ienn.! mnsullln:l ll-
s!ll nu'nsmy admln‘srmrve ET £ and Costs of [ssuance
relatad theretn, said appropriatian bain mc.luswe olany e #l Stn L nincl Feolorel
in-aid thereof &he "Pr ect™). The 1nta?mst of the Project is expeclad io be financed by
State A 70 meet said aan:rﬂaEiurr. 540,400 honds of the Town or 50
much theraof as shall ba !\Ece for such pumpose, 5 2l ha |saled mut.lrm nut fater

than the masimum matur ?e b!th tes of =ion
A58, a5 amerded fmmtlm fime (the *Conpectisut mnmlsmum‘ b saln Bands iy
be izsued in one or more seres ps det=rmined by the Director of Finance, i the amount

F s %
fecessary b mect the Town's share af the cest of The Froject determined after canssdesn

E i ;:é sy
ansing.cobblastane-
sysicms.com/iIteway
bemnnkg o0 Thaes
:nunmh:l 17,2086 &

%

CLASSIFIED
IS OPEN

3:00 AM - 5:00 PR
all IMBZZM

T el
CL SIFIEDS &
MHR TER.COM

CALL TOULFREE
1-200-922-7066

The Aoz shoud b ratior
11/33/201511/25,/2015 I FORECLOSURES
Wicole G Dastie- Falcone,
Uikt 048 LEGAL
Ransld s essin, NOTICE
FORECLOSURE
ity AUCTION
Meohan L kil SA LE
Uil E17;
Jason William Dachet o
MMNH-C\-15-505G105-5
wﬂhﬁm mge ”:Lme:
Chrm'ﬁ‘lgiwah Senllc‘iEQ.Ll-C
Eic &“m' 20 %mn Avnue,
mmizmtm or
Allison L0 aura
it BAE2 and wast f357 Praperty Type:
Dt of Sale:
gsh.g!m Dr.c:rr.ﬂ):r: mlﬁ
i I Rodriguez, Emle](grI nnrueILn.F_C.u.
HeK; P e er:
Lin Yawg Yan, 203, 7774501
Linik hB403/407
Zes Fareclnsure.
, S
PuTsupalrﬁ.E sectilsrf 18- mmfar_mnrew
38 of the Gmeuicut d A
Oeneral  Sinhwtes,
Hew Hawen HnsplLﬂ MII
gﬂm the fdlewing cer
Efcaie o leer applcs LEGAL
ﬁﬂ NOTICE
"e""“""e" desoital || FORECLOSURE
1.\!31 Dlm el Sy New
T e 1 E:'M AUSTEI?N
oase | =ne,
I’JT 054!
Renlar.emc.ut of 2 SpECT
l::amuras with 2 SPECT/T Mk~ gw.u.aosﬁzs 13
Eshmntud Tatad Project BMRZ Pasg-Tlt‘lmgh Trust:
Zo ‘%cndltum: 1V, US Bank N=tional
51,000,000 .l.smlatlon Truakae
The Elandowes Groug, lac wa:m T MIH g,E‘I Al
Request for Proposals ]ji Cums Driva
nl.lme; Pla!mer for Haw e,
the Redevelopment Resldantial
of Westville Manor
and l:late af galfms
Area at 13=00 foon
e S || el
nc an
S rlw c"e jos Ntlll nlfned] cmururn EE[I.
Hiuen thla Rumiber:
oarnmunrrleq i3 :urremiu 2037873707
seeking  Propasals
hdea"selﬁgi%am%‘riﬂ\;etm H-Ee Sea Furgclosur\z‘f&hs at
3l e {or more
anas and Sumaunig ||| “Heea e e,

Coannritbze Mama:
Susan 1. F.gi:cln
Commighan
Phone Manbes
(203) 2814451
See Foreclosure Sules ot
srerejud.et gow for more

~ deled Information

LEGAL
NOTICE
FORECLOSURE
AUCTION
SALE

nchiat B

WNH C’\' 15}‘5[59093 3
o W’ of NE'W Haven
Rlehard \\.kara LAl
s

&1 Quinni |a.|: Avenue

Linit 13
o Haven, Conneeticit
Prnye_gy Type:

_ Date M:aJe ?Etummr

at 12:10
oon 0 he Premisas

Commites Name:
Richard b, Franchi
comities
rhone tlumber:
{203) 495-1000

Sag Farecinsurs Seles at

unneiied ctaey o
Qetelfed (Tormasen

14? Cﬂ|ﬂﬂ 9!’!21‘ tha estinfated amount and timin qnfSi‘atearﬂFedmlqmnblnvalda e Project, o rovidel
Hamcen, CF 06318 that rne total mnnl:m«fhmﬂs i be issied ma.l Tess an an amount which il
Fr'g&elrdié;_l%e: mu ﬁmd with athegndsluu-m l-g.nr u{cn- :f s b ;Pfhmnclpa]g
5 I-r;r.l: temporary ko rawings in anticipation of the tachi & pracas,
Psaﬂu hands outstapting at e 5# I?Esw-mc Ereod, and Ro@w fae lhe Losts of
ne of Sale: zsuanre afsuch Donds. rhehandsshallhe is=ue b it Fuolly regiszered farm, be mcutedm
Degember 3, 2018 tia name and o bizhalf of 1he Town by the fmesimile ar panual signaturss of the Mmoor,
AT1EDD fur. President of the I.a |511t|\re Cwm:ll aﬂﬂ Director af Flrmm:a. o any bwi of iharn, bear
hz m.-nssalnra CSlﬂI| thareot, be certlizd hya an& w.wumhhank
Cormmitles Nare: b1t £ nated the registror ard tranet nrr Patrable af 0 hankor
Alson L, Broar frust cnmmmy %p o= to their fagality by Bnblnsxm & Cale LLP, Mu;ﬂts-nh
Committes Laws, of Har fFoed, Cannec cut The bands stall be gener-il nh]lgatlunsoﬂ the Tewm
Paane Ritibert o. l.he hnr.ds hall recite that suery Fequitemant b T 1E5 [osie s been duly
2032E12700 that such bend rs within dehr:md n'!her mit praseribed By faw, and
mnﬁmfulliarlh and cregit OI lhe TOM E'E pledasd o the nglih(: nrm-nnllhere-
Sor Foeeslomrs Sales 1t est therean, The ta principal amaunt of each 5 1 ba
Hiﬂ- ] an Al I&sue e el retillaEats of nﬂncuml. re:l‘e‘re»nt‘lon Ern\wls.ons. if iy, e Certtying,
-sglstmr and transfer agent aml paying agent, me of isFue and 520z and other
berine, d aﬂ.? iculars of s i1 Dﬁ! Incduding 1j|e of {hie rate or rates of
ntans_ﬂ shall be dmnnTneﬂtg' thi hawarand tha Biractar Fhanco in accordance \.\dth
rl Statutes. Section 3, Said bonds shall be sid by te cand the
LEGJ!'L’. J'Irect{x n.f an:e lal ammpetlll\le Ing o by negatiation, In thelr Slseretion. i sold in
petitive offering, the ba ! e sold at ma than accruad interest on
NOTICE me nasP af Ehe [owest et nrtrue intera.st Cast [ the Tewn. hnsﬂm of 5ale o @ sumirary
thareat descriliing the bor % and setting forh the © Enﬂsanﬂ eanditions of the =hali e
FORECLOSURE puhllﬁqen &t feest five days in advance of the sale in a recognized poblicztion can 2‘
municipal band natices am! sovated or]mar]l :Land’al Aews and lhesub m ef e
AUCTION and municipzi bonds. |f the bonds ara magatiztion, o inns aof hEse
SALE a_gneemem zi1al| he v.uh.ect fothe a u-ad nr Mayar and the Ojrectar arrmancp_ sec-
irector of Finance i zad to tarmporary borrowings in an
otthe re'.‘mpt of the preceeds of sald bopds, Noles evidencing such hnr(oml'ns §‘£Il| Lz
eu;ln:dbpth Miyor :nd thim Directar of Fnanoe hawe the seal of 1he Town affied, be g
able at a bank or trust eamfnn\niu ated by nDlrEduanmlc be oved 15
NIH W 155“&”“" 5 hhmrigaahh‘ by mi:msun ole LLP, Attarne of Hardford, Conneckcut, and be
Gase Ham. pany designat Ewtlle Lire rmarotFname percian bn Soc-
JWﬂ rnan Iﬂmse “Bank, tioe 7-373 me Cmmactlclr szzrni Stamtes. The notes shall be k=ued with menirty
&mm'w dates which mm%m‘h t{irfpmmuuns atgha Con nectman%anm%s goarig e
T ¢5,35 Lhe same m ram time ofime. Tha riotss be
Sandr Arrold, et ot Jener.:ﬁ ug Sqallor.sal l Tmn i st 0 (e nates Shell e that renuiFerrenk
T g Fothet it s Yo and st ol f“m“ﬁ'ét "'§|' ""{tﬁ»'es'ﬂh ¥ M?fful
wmrnums, Geminectieut Eg';' Pu et Of mﬁm" ﬂ&m gl Lﬁ e arcen 1 toras F o {g
. Property, r such netez, including renewals thereef, Eml thzupzns- ufprepnﬂng Is_u an m
- Single Femity inyg, ta the axbant paid &umthu oemsEs of SUch renewals of sakd bonds, shall be inchurled
#a uf the pun the sale o the bonds, the procesds thereut, to the 2xtent
Dute of Sale: el Nl et Tostwal oo paiemant of the prinlpel of and the nterest o
urday, anysm:h notzs then autstandin nrsh il e Tted with a Bank ar trust co mpany |ntr|.§
Degembes 3, 2015, for such purpese, Sechums, ‘rlle D.mednr Finaice | o farkee to meks e m?au?
1360 rivon, JE n he praceeds of State granks-in- :ud g:hln
an the premises. srha 'hullnlng m]eﬂ‘s pursuzmt 0 se pn 7-aD52 of the Connectiout Gen
Comitiae Narme; c'mnt anticifation nates™, Mates euidensing such ﬂnnmnmn]l e 4} nea
Chnis Dellaselva, Esg yar and the Diraciar of ce, have the seal of the Tawn af palynaheala
Com or I.‘tust mn‘-naﬂ{dedglzamd iy tha Dirnctnr orFInarm &z‘gnrmwdasr ir Iegzﬂ!y hﬁ
Fhong Numbar RoBinson & Cole t-Lanw, o Hal Conrecticit, and he certifed
(203) 841-3323 nr mﬁt mmg:ny dss‘gunle ﬂe Rirectal uf Finance pursusnt to Se:ﬂnn 74 n‘i the
See Foreclasure Saes at rth t'h- e Ll ‘thms' Bnahssh rahlnﬁﬁ i t 2 Es nfeh Wﬁv{mnl
W T = 0f e Con e [ e gouar L
Jlﬂf-ﬂ!m for avre anhcupahon nates, 2s th same may he 2menced from tﬁ-nem e The nmesgml
generz] nhbgahnnsdthe Fbwn an m of the nows shall redie Ehnﬁ Ty reguienent
oflwmlaﬂmgt.n Its issug has ‘nmul ust} that such natg s within every o
:nbedbyln m:l mtthefuu manda-eultaf Tewwri are pledy
m me paym nr the principal herean. The pet Inferast easion
LEGAL rwlzwds Lhaanf' am! thswnnnsaur nr\zuann!l. issuing and mal
Ing :athe nt drrom ueh renewals or said bonds, = Il dEti
NOTICE E ssle al' hnnds. the proceeds thehenl 0 the exvtent
requnaj shall |JE appﬁed mrﬂwum o the payment of the principal of and the intarest on
FORECLOSURE any such nobas then putstandin gor shall Mﬂwosﬂcdwlm abank or trust cnmpaﬂﬂntrm
T for stich purpoze. The Mayar and the Directar M-Flnahcu arg altikodzed ta entered Into
AUCTION credit f2 e!l s, homd commerdal pay
SALE facibties and similar ngwmenfs to provide for u |ssuﬂnw of arzrt anticipation 5.
Tha Mayura ndthe DilT:l‘nl’ ofﬂnanueamalﬂhm‘l tmseleet a lender, ramarketing agent
ann any mﬂm&s ks JRLESIT 0 desirl Ie 1:0 Emupﬂe Tar tne Imsunnes of want
Nos mzlw intent pursuant
it sectmn 003 o the Eodera et R
i Diirse exuenmtures piid =u=ty ms nrmr i am:l an ﬂﬂrt e dale of Dassage of Hiis
Case Hama: ardinanza in the maﬂmum nlmu for the proceads of han s, nates,
HEBC B"'k =4, NA. ar Dl:haf Ubthaﬁmu%m hiﬂh& I pt Dkedi muns"Jhaumarlze‘ld o b jgsi Iilt 4 |'1£ o, 'I'hg
inations sl ==t relmburse such expentd|tures not [aiar than
“mewuﬁf-t‘;““”d&“'f mnnmsmger the Eater of the caie of e exgendiirs or men?h stnnﬂatmmplemn m’ lhe
Executar n[EtﬂE %I o such |ager date the Requiations aum . The Town heraby cartifias 1
Biarie V. Pasq ualani, Et R T 5 s A SACREABER Mesti 1 biged gl It reBsonanle
as of thic date, The Directar of Finance or his dumnee 15 aulnnr’zetl o rmect E\i—
PI’UFJ 4 Address: penses jn arenrdansa heerwith pending the lesmnce of the Tax-Exampt ohligztions, and to
| D’“%T amedthis declarmtion, Section 7, T Meor a:d tho Dirsctor of Fifanea aet harglay aihie
V;ngfﬂd he 0 enter ko agresments or enant for the beredit
’”"“m‘ revide infacmating onanalmunl oralher per’o:!ic et In the wurieinal
Beside B ra'le annld&IHMadﬂ.%?h C rovine uhc h:lth-eMSEB f]%\zu
mum: i Sl A Clhangs Tl y
Date of Sale: afj 2 flcess: mnruulﬁimmmt% sah.nnft%
Deesiher 3, 2016 = ey psstllatil i \.»

and nnlgs aumn r\ed hgl this ordinanes. Any ageasments
made prior herels are herel

Szction & The Mayor and We Dlrsctor UfFinam:a areither o them, are fizrely au rued
orl hemir of the Towe, 1o enter into any other e

certificates, incldin tax d inve stment agreements, far 1 ¢ consumnmian of te tmns-
actmns cuﬂ.cmr.\lnt m}: this urdmm Tie Ma‘Fnr andtne Duredﬂru{Flnance.u;
af at e apefy for and accept any and all
Faderal n’ndstz.te leanz and or grants- irpsldfurany Prn[m:r me:cpmd said funds in aoooe-
dance with the terms emef, and in confection therewith ta coatrct in tha name of the
‘Iawn with enginsess, cumractusanb others. Seclion &. he balzice of any appropria-
tion ar the n&?cﬁms of mayh‘hnnds ok neaded m meat Ihfl_;taoﬁ of the Projact auttwr’lzen

121 U

nunﬁﬂned ralifiad

haraby Y the Bayar, ha Leglsiative Council, ta maet

Hm awal mn of any olher caplial proy rtne anrl mdudlﬂg capital pra&e:ts authe-
ﬁ 1 nnﬁrlaﬂcLs which an -dpDI'UDI’I ||:|n and bond authoriza-

ﬂm hns eenadnnted rovided that B AT sutherized pursuzmt
Legl wat'}lmgraerﬁ;‘a{km b ncreesed Tec i It1s hiere ! fn&mdanddmned ihe

B e ng! the maxdmum ameunt of debi service dus in an year irom

ﬂl and hesoaiter, on outstanding, authoslzed but umssugzi, and proposed

FEG]

hnnds af me Teaun, Including the bonds [ﬂlfl nsed o be authorized by 15 ordimance, dozs

ik peeagd ten perocmitl ) ollme curren yaars hidaget and ag such, sulamlsﬁnn of this
ardinance ta binding referendum red puesuant bo S ection 10-5 of the

Far nurnases of thts sactfan, the ﬂebt =emiae o the gresate principel amo un't l:.famho-
bt unissucs honds ant propesed bands of the iqw, [ns] umns the Bonds proposed

h'.\he agignarized by b ordinance, which totals 521,000,600, has been estimated azsup)
Lh&!:tl'le '%1%& regata el umoun't of all such bands, reduged by c':Dncted granls 1o he
g ojects such bends, ave issued on or about Au. 5, 217
"Issue nm.e T nmnrirz,e in hnen gl instatimants aver taenl ars Inrlln m

e yea of the lssus Date ear intersst ot 2055
Buw zo-Bom! GU- In H and whm added Lo the dabf service an the Town's na‘stard—
ms hnmis in each fiscal year, resuits in maximum annual debt Senvice of the Tawn of ap-
£10,068,131, wh-ca‘ isless thapten percent Fl{l"ﬁ of the Tawn's cuerant bud e!
77

i L ar :&zz,m.as& and i mmu 1o ha 2t Lo paceant (10%) of
Toan's burd pet=, Such assumpiton S are based on current markat conditions for, arui
pest %eame i structuring, e Town's I.mnds
n the Legis|ative Council ot its meal Hovernber 21, 2016,
DN OF MDEN.CDNNECTICUT

A‘I"I"EST?
Curtlang Jemes Pascarslia 5
Mayor President af Legislative Council
Dake: 11721416 Kl feent

Chark of Legislntlva Council

ordinance No.s Pubtlished: Nm\-_-raﬁ:er;s 2016
Hewspapar: New Hmn Regiskar Effective: December 14, 3416
re—

CLASSIFIEDS

CLEANING 0T YOLIR

[Your Ad Here.]
1.800.922.7066

Ton=Fri ¢ 8:00m=2008m

Call to place your
Classified ad:

Ads ran alsn be e through our websi: newhavenregister com
ar ty emailing dassifiedads Enhrecistencom

NEW TLVEN REGISTRR. feovief Lcerfogister o




ATTACHMENT 2
AFFIDAVIT

108




1

Affidavit

Applicant: Yale-New Haven Hospital

Project Title: Replacement of 2 SPECT Cameras with 2 SPECT/CT Cameras

I, __Vincent Tammaro, ; CFO
(Name) (Pasition — CEQ or GFO)

of Yale New Haven Health System being duly sworh, depose and state that the (Facility Name)
said facility complies with the appropriate and applicable criteria as set forth in the Sections 19a-
630, 19a-637, 19a-638, 19a-639, 19a-486 and/or 4-181 of the Connecticut General Statutes,

2)23lot

/ Signature Date

/
Subscribed and sworn to before me on /_'.1’/’ = gf / 2a/8

e

Notary Public/Commissioner of Superfor Court

ROSE ARMINIO
i 3 NoTary PUBLIC
My commission expires: state of Connecticut
My Commissien Expires
February 28, 2018
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Connecticut Departmeant
of Public Health

State of Connecticut
Department of Public Health
Office of Health Care Access

Certificate of Need Application
Main Form
Required for all CON applications

Contents:

o Checklist

o List of Supplemental Forms

o Proposal Information

o Affidavit

o Executive Summary

o Project Description

o Public Need and Access o Health Care
o Financial Information

o Utilization
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Supplemental Forms

In addition to completing this Main Form and Financial Worksheet (A, B or C), the applicant(s) must
complete the appropriate Supplemental Form listed below. Check the box of the Supplemental Form
to be submitted with the application, below. If unsure which form to select, please call the OHCA main
number (860-418-7001) for assistance. All CON forms can be found on OHCA's website at OHCA

Forms. :
Conn.
Check | Gon, stat.
form 5 Supplemental Form
included i
1%a-638(a)
B 1) Establishment of a new health care facility (mental health and/or
substance abuse) - see note below™
0 ) Transfer of ownership of a health care facility (excludes transfer of
ownership/sale of hospital — see “Other” below)
O (3) Transfer of ownership of a group practice
L] (4) Establishment of a freestanding emergency department
Termination of a service:
(5) - inpatient or outpatient services offered by a hospital
(7) - surgical services by an outpatient surgical facility™
- (8) - emergency department by a short-term acute care general hospital
(15) - inpatient or outpatient services offered by a hospital or other facility or
institution operated by the state that provides services that are eligible
for reimbursement under Title XVIII or XIX of the federal Sccial
Security Act, 42 USC 301, as amended
O (6) Establishment of an outpatient surgical facility
] (9) Establishment of cardiac services
Acquisition of equipment:
(10) - acquisition of computed tomography scanners, magnetic resonance
54 imaging scanners, positron emission tomography scanners or
positron emission tomography-computed tomography scanners
(11 - acquisition of nonhospital based linear accelerators
L] (12) Increase in licensed bed capacity of a health care facility
(13) Acquisition of equipment utilizing [new] technology that has not
previously been used in the state
] (14) Increase of two or more operating rooms within any three-year period by
an outpatient surgical facility or shori-term acute care general hospital
il Other Transfer of Ownership / Sale of Hospital

*This supplemental form should be included with all applications requesting authorization for the establishment of a mental
health and/or substance abuse treatment facility. For the establishment of other “health care facilities,” as defined by
Conn. Gen. Stat § 19a-630(11) - hospitals licensed by DPH under chapter 386v, specialty hospitals, or a central service
facility - complete the Main Form only.

**If termination is due to insufficient patient volume, or it is a subspecialty being terminated, a CON is not required.




Select the appropriate proposal type from the dropdown below. If unsure which item to select,

Proposal Information

please call the OHCA main number (860-418-7001) for assistance.

Proposal Type
(select from dropdown)

Acquisition of imaging equipment

Brief Description

Replace 2 existing SPECT cameras with 2 SPECT/CT cameras

Proposal Address

111 Goose Lane, Guilford, CT

1450 Chapel Street (St. Raphael Campus), New Haven, CT

Capital
Expenditure

$ 927.862

filed?
o No

Is this Application the result of a Determination indicating a CON application must be

<] Yes, Docket Number: 16-32124-DTR

Applicant(s) Information

(if applicable)

Applicant One
Applicant ;’gge;_lNew Hdaxen Hospital
oward Avenue
Name & Address Nicw Haven, CT
Parent Yale-New Haven Health Services Corporation
Corporation Name | 789 Howard Avenue
& Address New Haven, CT

Contact Person
Name

Nancy Rosenthal

Title

VP

Email Address

Nancy.rosenthal@ynhh.org

(check one box)

Phone 203-688-5721
Fax Number N/A
Tax Status ] For Profit

= Not-for-Profit

*For more than two Applicants, aftach a separate sheet with the above information

FOR OFFICE USE ONLY

Docket #:

Staff Assigned :

Date Received:

L



Executive Summary

The purpose of the Executive Summary is to give the reviewer a conceptual understanding of the
proposal. In the space below, provide a succinct overview of your proposal (this may be done in
bullet format). Summarize the key elements of the proposed project. Details should be provided
in the appropriate sections of the application that follow.

Yale-New Haven Hospital (YNHH) proposes to replace two (2) of its existing
SPECT cameras with two (2) SPECT/CT cameras. One of these cameras has
reached the end of its useful life due to age and quality issues, and the other
camera and is not able to produce the superior images offered by SPECT/CT.

¢ YNHH purchased a GE MyoSite SPECT camera in 2005 and this equipment
is located at 111 Goose Lane in Guilford. YNHH intends to replace this
camera with a GE Optima 640 SPECT/CT at the same location.

» YNHH purchased a Siemens Symbia SPECT camera in 2014 and this
equipment is located at 1450 Chapel Street (St. Raphael Campus) in New
Haven. YNHH intends to replace this camera with a GE Optima 640
SPECTICT at the same location.

The new replacement SPECT/CT cameras will produce a higher quality image
than the existing SPECT cameras due to the aftenuation correction offered by
the CT component, which the current SPECT cameras lack. There are certain
limitations of a SPECT scan due in part to variation in the density of tissues
within the body. Overlying breast tissue and/or adipose tissue can create
shadows or artifacts, which cloud the image and may appear in a similar
manner as true coronary defects. This can make interpretation of a nuclear
medicine scan challenging. To resolve these issues, a CT component can be
applied immediately after the SPECT scan, offering attenuation correction fo
remove these shadows and artifacts. The result is a high quality nuclear
cardiology scan that can be interpreted by a physician with greater confidence.

YNHH proposes to continue offering high-quality cardiovascular imaging
services for its patients by replacing existing equipment with more advanced
and clear SPECT/CT systems.
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Pursuant io Section 19a-639 of the Connecticut General Statutes, the Office of Health Care
Access is required to consider specific criteria and principles when reviewing a Certificate of
Need application. Text marked with a “§” indicates it is actual text from the statute and may be
helpful when responding to prompts.

Project Description

1. Provide a detailed narrative describing the proposal. Explain how the Applicant(s)
determined the necessity for the proposal and discuss the benefits for each Applicant
separately (if multiple Applicants). Include all key elements, including the parties involved,
what the proposal will entail, the equipment/service location(s), the geographic area the
proposal will serve, the implementation timeline and why the proposal is needed in the
community.

Response:
Yale-New Haven Hospital (YNHH) is a 1,541 bed (including bassinets}) teaching hospital

with two integrated campuses located in New Haven. It is affiliated with the Yale
University School of Medicine, and includes the Yale-New Haven Children’s Hospital, the
Yale-New Haven Psychiatric Hospital, and the Smilow Cancer Hospital. YNHH provides
primary, secondary, terfiary and many quaternary acute care services.

YNHH Heart and Vascular Center (HVC) treats the most heart and vascular patients of
any facility in Connecticut, and is consistently ranked one of the nation’s top providers
of heart and vascular services in the nation. It offers every type of advanced cardiac
imaging technology, including echocardiography, ultrasound, molecular nuclear
medicine imaging, cardiac magnetic resonance imaging, positron emission topography,
and computed tomography at various locations throughout Connecticut. Using a broad
range of imaging tests, physicians at the YNHH HVC are able to evaluate a variety of
cardiac issues such as chest paint, congestive heart failure, and valve disease.

YNHH HVC proposes to replace two (2) of its existing SPECT cameras with two (2)
SPECT/CT cameras to continue its tradition of providing the highest quality cardiac
imaging services. This existing equipment is not able to produce the significantly
superior images offered by SPECT/CT.

YNHH filed a Determination Request with the Office of Health Care Access (OHCA) on
September 28, 2016, seeking confirmation as to whether Certificate of Need approval was
required for the replacement of a SPECT camera with a SPECT/CT. A copy of the
Determination Report from OHCA is attached in Exhibit A. The Determination Request
noted five (5) SPECT cameras in line for replacement, but due to various reasons,
including the efficient allocation of capital resources, YNHH HVC proposes to replace
only two (2) of these existing SPECT cameras with SPECT/CT equipment at this time.

End of Useful Life. YNHH HVC intends to replace two (2) nuclear cameras, one of which
is at the end of its useful life due to age.

The GE MyoSite SPECT camera was purchased in 2005 and is located at 111 Goose Lane
in Guilford. This camera is 11 years old, is nearing the end of its useful life, and does not
offer the same high-quality imaging available on a SPECT/CT. YNHH HVC intends to
replace this camera with a GE Optima 640 SPECT/CT at this location.
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The Siemens Symbia SPECT camera was purchased in 2014 and is located at 1450
Chapel Street (St. Raphael Campus) in New Haven. Although it is not as old as the
SPECT camera in Guilford, it has limitations in its scan quality. YNHH HVC intends to
replace this camera with a GE Optima 640 SPECT/CT at the same location.

As noted previously, both of these nuclear cameras have certain limitations in scan
guality, and the replacement SPECT/CT equipment represents a significant improvement
in image quality, as explained below.

Higher Quality. Specifically, the new replacement SPECT/CT cameras will produce a
higher quality image than the existing SPECT cameras due to the attenuation correction
offered by the CT component, which the current SPECT cameras lack.

In the diagnosis and treatment of heart and vascular disease, patients often receive a test
called myocardial perfusion to see how well blood flows through the heart muscle. A
radioactive tracer is injected into the patient and a nuclear camera (such as a SPECT or
SPECTI/CT) is then used to capture images of the heart immediately after exercise, rest,
or both to show areas of the heart with blocked arteries or injured by heart tissue.

There are certain limitations of this type of scan due in part to variation in the density of
tissues within the body. Overlying breast tissue and/or adipose tissue can create
shadows or artifacts, which cloud the image and may appear in a similar manner as true
coronary defects. This can make interpretation of a nuclear medicine scan challenging.
To resolve these issues, a CT component can be applied immediately after the SPECT
scan, offering attenuation correction to remove these shadows and artifacts. The result
is a high quality nuclear cardiology scan that can be interpreted by a physician with
greater confidence, eliminating unnecessary follow-up testing, and decreasing the risk of
false positive exams.

By replacing two (2) SPECT cameras with two (2) SPECT/CT cameras, YNHH HVC intends
to offer the best available technology to assist in the treatment of its heart and vascular
patients. It should also be noted that the new replacement cameras are faster, offer low-
dose technology which is safer for patients, and are able to serve a more diverse
population, including obese patients due to the attenuation correction feature which
eliminates artifacts caused by adipose tissue.

YNHH HVC intends to replace this equipment within the next two (2) years after receiving
approval of OHCA. The same patient population currently served will continue to be
served at the same locations. This proposal is necessary because the existing SPECT
cameras are nearing the end of their useful lives due to age and/or limited quality of the
scan produced, and YNHH HVC intends to continue providing the highest quality nuclear
imaging services to its heart and vascular patients.

2. Provide the history and timeline of the proposal (i.e., When did discussions begin internally
or between Applicant(s)? What have the Applicani(s) accomplished so far?).

Response:
YNHH HVC continuously monitors and evaluates the age and effectiveness of its imaging
technology, and as part of this review identified the need to replace these cameras due in
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part to the age of one of the cameras and the limitation in imaging quality of both, as well
as the availability of superior technology via the SPECT/CT.

3. Provide the following information:
a. utilizing OHCA Table 1, list all services to be added, terminated or modified, their

physical location (street address, town and zip code), the population to be served and
the existing/proposed days/hours of operation;

Response:
See OHCA Tabhle 1.

b. identify in OHCA Table 2 the service area towns and the reason for their inclusion (e.g.,
provider availability, increased/decreased patient demand for service, market share);

Response:
See OHCA Table 2.

4, List the health care facility license(s) that will be needed to implement the proposal;

Response:
No additional facility licenses are needed to implement the proposal.

5. Submit the following information as attachments to the application:

a. a copy of all State of Connecticut, Department of Public Health license(s) currently held
by the Applicant(s);

Response:
See Exhibit B.

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

Response:
See Exhibit C, which includes the Curriculum Vitae of the following professional,

administrative, and clinical personnel:

» Keith Churchwell, MD; Senior Vice President of Operations and Executive Director
Heart and Vascular Center and Transplantation Center, YNHH/YNHHS

s Edward Miller, MD, PhD; Assistant Professor of Medicine and Radiology at Yale
University; Director, Nuclear Cardiology.

¢ Francine LoRusso; Executive Director YNHH HVC

c. copies of any scholarly articles, studies or reports that support the need to establish the
proposed service, along with a brief explanation regarding the relevance of the selected
articles;

Response:
See Exhibit D,
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« Clinical Applications of SPECT/CT: New Hybrid Nuclear Medicine Imaging
System. This article provides a comprehensive summary of SPECT/CT
technology, including, but not limited to, the general architecture of the device,
scan protocols, staff training, advantages of SPECT/CT, and clinical
applications such as thyroid cancer, adrenal tumor, neuroendocrine tumors,
lymphoma, bone scintigraphy, cerebral masses, and various cardiac images.

» American Society of Nuclear Cardiology and Society of Nuclear Medicine Joint
Position Statement; Attenuation Correction of Myocardial Perfusion SPECT
Scintigraphy. This statement notes that “incorporation of attenuation
correction in addition to ECG gating with SPECT myocardial perfusion images
will improve image quality, interpretive certainty, and diagnostic accuracy.
These combined results are anticipated to have a substantial impact on
improving the effectiveness of care and lowering health care costs.”

d. letters of support for the proposal;

Response:
See Exhibit E.

e. the protocols or the Standard of Practice Guidelines that will be utilized in relation to the
proposal. Attach copies of relevant sections and briefly describe how the Applicant
proposes to meet the protocols or guidelines.

Response:

YNHH HVC is accredited by the Intersocietal Commission for the Accreditation of Nuclear
Medicine Lahoratories and the American College of Radiology, and will continue to
maintain such accreditation.

f. copies of agreements (e.g., memorandum of understanding, transfer agreement,
operating agreement) related to the proposal. If a final signed version is not available,
provide a draft with an estimated date by which the final agreement will be available.

Response.
Not applicable.
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Public Need and Access to Care

§ “Whether the proposed project is consistent with any applicable policies
and standards adopted in regulations by the Depariment of Public
Health;” (Conn.Gen.Stat. § 19a-639(a)(1))

6. Describe how the proposed project is consistent with any applicable policies and standards
in regulations adopted by the Connecticut Department of Public Health.

Response:
This proposal is consistent with the Connecticut Department of Public Health policies

and standards as it will expand access to high quality health services. The new imaging
is more advanced than the current service which is beneficial to patients because it
enables more accurate diagnosis of cardiovascular disease.

§ “The relationship of the proposed project to the stalewide health care
facifities and services plan;” (Conn.Gen.Stat. § 19a-639(a)(2))

7. Describe how the proposed project aligns with the Connecticut Department of Public Health
Statewide Health Care Facilities and Services Plan, available on OHCA'’s website.

Response:
The Statewide Health Care Facilities and Services Plan notes that hospitals serve as

critical safety net providers to many Connecticut residents, treating a substantial number
of patients who are uninsured or have limited ability to pay. It also shows that heart
disease is the second leading cause of hospitalizations in the state, and that the percent
of adults diagnosed with high blood pressure or diabetes is highest among the African
American community. This proposal will enable YNHH to beiter serve all patient
populations. YNHH is a non-profit hospital that serves a significantly large proportion of
the state’s Medicaid and indigent population, and the diverse City of New Haven. By
replacing aging and less advanced equipment, this proposal will enable YNHH to better
care for all patients, including those in need of a safety net providers, by accurately
diagnosing and treating the growing number of residents in need of cardiovascular care.

§ “Whether there is a clear public need for the health care facility or
services proposed by the applicant,” (Conn.Gen.Stat. § 19a-639(a)(3))

8. With respect to the proposal, provide evidence and documentation to support clear public
need:

a. identify the target patient population to be served;

Response:

The target population to be served includes those patients in the service area in need of
diagnostic imaging for cardiovascular disease. See OHCA Table 2 for a list of service
area towns. These same towns and patient population will continue to be served by the
replacement of this existing imaging equipment.
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b. discuss how the target patient population is currently being served;

Response:

The target patient population is currently served with the existing SPECT equipment
owned and operated by YNHH HVC. This purchase will simply replace two (2) machines
with new equipment that offers better imaging and more accurate diagnostics.

c. document the need for the equipment and/or service in the community;

Response:
One of the current SPECT cameras that YNHH HVC intends to replace is nearing the end

of its useful life due to age, and both do not offer the same high-quality diagnostic
features available with the new SPECT/CT equipment. This demonstrates a need to
replace this equipment to serve the current patient population utilizing these services.

d. explain why the location of the facility or service was chosen;

Response:
YNHH HVC will replace two (2) machines with new equipment that offers better imaging

technology and more accurate diagnostics. The location of the new equipment is the
same as the equipment to be replaced.

e. provide incidence, prevalence or other demographic data that demonstrates community
need:;

Response:

As noted in response to Question 7, the State Health Care Facilities and Service Plan
notes that heart disease is the second leading cause of hospitalizations in the state, and
that the percent of adults diagnosed with high blood pressure or diabetes is highest
among the African American community. YNHH is based in New Haven where a large
share of the overall population lives below the poverty line, and is home to a large
African American population compared to the State of Connecticut. This proposal seeks
to enhance access to cardiovascular imaging services in the region to serve this need.

f. discuss how low income persons, racial and ethnic minorities, disabled persons and
other underserved groups will benefit from this proposal;

Response:

See response to 8e. YNHH provides services to all regardless of race, ethnicity, religion,

income or ability to pay for services. This will not change as result of this proposal.

YNHH HVC will simply replace two (2) machines at the same sites with better imaging %
technology and more accurate diagnostics for all patients, including low income

persons, racial and ethnic minorities, disabled persons and other underserved groups.

g. list any changes to the clinical services offered by the Applicant(s) and explain why the
change was necessary;

Response:
Not applicable.

h. explain how access to care will be affected; and
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Response:

YNHH HVC will replace two (2) machines with new equipment that offers befter imaging
and more accurate diagnostics for all patients, which will improve access to better
diagnostic technology.

i. discuss any alternative proposals that were considered.

Response:
Not applicable. The new SPECT/CT cameras are more accurate and better technology,
and are in need of replacement.

§ "Whether the applicant has satisfactorily demonsirated how the proposal
will improve quality, accessibility and cost effectiveness of health care
delivery in the region, including, but nof limited to, (A) provision of or any
change in the access to services for Medicaid recipients and indigent
persons; (Conn.Gen.Stat. § 19a-639(a)(5))

9. Describe how the proposal will:
a. improve the quality of health care in the region;

Response:

The new SPECT/CT cameras will replace existing SPECT equipment with technology that
offers higher quality imaging. As noted previously, the CT component of the SPECT/CT
provides attenuation correction fo eliminate the shadows or artifacts that appear in an
image due to overlying breast or adipose tissue. This results in higher quality cardiac
imaging and myocardial perfusion studies which decreases false positive results and
can eliminate unnecessary follow-up testing.

b. improve accessibility of health care in the region; and

Response:

YNHH is a non-profit hospital that treats all patients regardless of ability to pay. This
replacement technology will be accessible by any and all patients in need of
cardiovascular imaging studies in the region, and will offer enhanced access to the
higher quality testing available with a SPECT/CT compared to the older SPECT cameras.

c. improve the cost effectiveness of health care delivery in the region.

Response: "

Diagnostic imaging performed on the replacement SPECT/CT cameras will have the same
cost to the patient as imaging on the older equipment. As noted previously, the quality of
the image produced with a SPECT/CT camera is much better and more accurate than the
older SPECT cameras which may decrease false positive results and may eliminate
follow-up testing which is cost-effective to the health care delivery system.

10. How will the Applicant(s) ensure that future health care services provided will adhere to the
National Standards on culturally and Linguistically Appropriate Services (CLAS) to advance
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health equity, improve quality and help eliminate health care disparities in the projected
service area. (More details on CLAS standards can be found at
http://minorityhealth.hhs.gov/).

Response:
YNHH is committed to providing patient care services that adhere to the National CLAS

standards. YNHH offers comprehensive language interpretation services to all patients
who require it. Yale-New Haven Health System employs a Chief Diversity Officer who is
charged with ensuring our care is delivered in a culturally competent manner. YNHH
trains and conducts regular diversity and inclusion training for all of its staff (including
new employee orientation).

11. How will this proposal help improve the coordination of patient care (explain in detail
regardless of whether your answer is in the negative or affirmative)?

Response.
As noted previously, the new SPECTICT equipment will produce a superior image

compared to the SPECT cameras which may decrease false positive results and may
eliminate follow-up testing. This is beneficial to patients because it could eliminate the
need to coordinate follow-up visits and is beneficial to physicians because it will help
coordinate diagnosis and treatment planning. Otherwise, this is a simple replacement of
existing equipment due to better technology.

12. Describe how this proposal will impact access to care for Medicaid recipients and indigent
persons.

Response:

YNHH is a non-profit hospital that treats all patients regardless of ability to pay. The new
SPECTICT cameras will increase access for Medicaid recipients and indigent persons to
the best quality cardiovascular imaging services.

13. Provide a copy of the Applicant’s charity care policy and sliding fee scale applicable to the
proposal.

Response:
See Exhibit F.

§ "Whether an applicant, who has failed to provide or reduced access to
services by Medicaid recipients or indigent perscns, has demonstrated
good cause for doing so, which shall not be demonstrated solely on the
basis of differences in reimbursement rates belween Medicaid and other
health care payers;” (Conn.Gen. Stat. § 19a-639(a)(10))




14. If the proposal fails to provide or reduces access to services by Medicaid recipients or
indigent persons, provide explanation of good cause for doing so.

Response:
Not applicable. This proposal does not reduce access to services by Medicaid recipients

or indigent persons. It will replace existing equipment in place with new equipment that
is able to provide higher quality imaging services.

§ "Whether the applicani has satfsfacfori!y demonstrated that any
consolidation resulting from the proposal will not adversely affect health
care costs or accessibility to care.” (Conn.Gen. Stai. § 19a-639(a)(12))

15. Will the proposal adversely affect patient health care costs in any way? Quantify and provide
the rationale for any changes in price structure that will result from this proposal, including,
but not limited to, the addition of any imposed facility fees.

Response:
Not applicable. This proposal will not adversely affect patient health care costs. Patients

will receive enhanced quality diagnostic services.
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Financial Information

§ “Whether the applicant has satisfactorily demonstrated how the proposal
will impact the financial strength of the health care system in the state or
that the proposal is financially feasible for the applicant,” (Conn.Gen. Stat.
§ 19a-639(a)(4))

16. Provide the Applicant’s fiscal year; start date (mm/dd) and end date (mm/dd).

Response:
Start date: 10/1

End date: 9/30

17. Describe the impact of this proposal on the financial strength of the state’s health care
system or demonstrate that the proposal is financially feasible for the applicant.

Response:

YNHH has the capital available to fund this purchase and install the equipment. The new
replacement equipment will offer a higher quality service which will enhance the
accuracy of cardiovascular imaging that may result in fewer false positives and eliminate
the need for duplicative testing.

18. Provide a final version of all capital expenditure/costs for the proposal using OHCA Table 3.

Response:
See OHCA Table 3.

19. 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.

Response:
YNHH will fully fund through cash on hand, no debt will be incurred.

20. Include as an attachment:

a. audited financial statements for the most recently completed fiscal year. If audited
financial statements do not exist, provide other financial documentation (e.g., unaudited
balance sheet, statement of operations, tax return, or other set of books). Connecticut
hospitals required to submit annual audited financial statements may reference that
filing, if current;

Response:
See Exhibit G.

b. completed Financial Worksheet A (non-profit entity), B (for-profit entity) or C (§19a-
486a sale), available on OHCA’s website under OHCA Forms, providing a summary of
revenue, expense, and volume statistics, “without the CON project,” “incremental to the
CON project,” and “with the CON project.” Note: the actual results reported in the
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Financial Worksheet must match the audited financial statement that was
submitted or referenced.

Response:
See Exhibit H.

21. Complete OHCA Table 4 utilizing the information reported in the attached Financial
Worksheet.

Response:
See OHCA Table 4.

22. Explain all assumptions used in developing the financial projections reported in the Financial
Worksheet.

Response:
See Exhibit H.

23. Explain any projected incremental losses from operations resulting from the implementation
of the CON proposal.

Response:
Not applicable, no losses from operations resulting from implementation.

24. Indicate the minimum number of units required to show an incremental gain from operations
for each projected fiscal year.

Response:
Not applicable, replacement of existing equipment.
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TABLE 5
HISTORICAL UTILIZATION BY SERVICE

Actual Volume

{Last 3 Completed FYs) CFY Volume*
FY 2017 (Oct-
Scan Volume by Machine FY 2014** FY 2015 FY 2016*+ Nov. 2016)
GUILFORD (GE MyoSite SPECT}) 816 912 887 213
SRC (Siemens Symbia SPECT) 281 233 231 35

*

wok

each service fype and level listad.

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 6 manths, report actual volume and identify the period covered.
Identify each service type and level adding lines as necessary. Provide the number of visits or discharges as appropriate for

=+ Fill in years. If the time period reported is not identical o the fiscal year reported in Table 4 of the application, provide the

date range using the mm/dd format as a footnota to the table,

[back to question]

TABLE 6

PROJECTED UTILIZATION BY SERVICE

Projected Volume
Scan Volume by Machine FY 2017+ FY 2018™* FY 2019**
GUILFORD (GE MyoSite SPECT) (OLD MACHINE) as7 0 0
GUILFORD (GE Optima 640 SPECT/CT) (NEW) 0 887 887
SRC (Siemens Symbia SPECT) (OLD MACHINE) 231 0 0
SRC (GE Optima 640 SPECT/CT) (NEW) 0 231 231

= |dentify each service type by location and add lines as necessary. Provide the number of

visits/discharges as appropriate for each service listed.
** Y17, 18, 19, projected flat based on moest recent completed year volume in FY16.

[back to question]
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GUILFORD SPECT

TABLE 7

APPLICANT'S CURRENT & PROJECTED PAYER MIX

36

Projected
FY 2016**
Payer FY 2017 FY 2018* FY 2019*

Scans Yo Scans % Scans %o Scans Yo
Medicare™ 414 467 414 46.7 414 46,7 414 46.7
Medicaid* 38 4.3 38 43 38 4.3 38 4.3
CHAMPUS &
o 1 0.1 1 0.1 1 0.1 1 0.1
Total Government 453 51.1 453 5141 453 5141 453 511
ety 429 48.4 429 43.4 429 48.4 429 48.4
Insurers
Uninsured/Self Pay 2 0.2 2 0.2 2 0.2 2 0.2
Workers
Compensation 3 0.3 3 0.3 3 0.3 3 0.3
Total Non-
& ocerhinent 434 48.9 434 48.9 434 48.9 434 48.9
Total Payer Mix 887 100 887 100 887 100 887 100

* Includes managed care activity,
“* Fill in years. Ensure the period covered by this table corresponds te the period covered in the projections
provided. New programs may lsave the "current” column blank.

[back to question]
SRC SPECT
Projecied
FY 2016**
Payer FY 2017* FY 2018 FY 2019%
Scans % Scans % Scans % Scans %
Medicare* 84 36.4 84 364 84 36.4 84 36.4
Medicaid® 52 22.3 52 22.3 52 22.3 52 22.3
CERMPUSS 0 0.1 0 0.1 0 0.1 0 0.1
TriCare
Total Government 136 58.9 136 58.9 136 58.9 136 58.9
Commercial 93 40.4 93 40.4 93 40.4 a3 40.4
Insurers
Uninsured/Self Pay 2 0.7 2 0.7 2 0.7 2 0.7
Workers 0 0.0 0 0.0 0 0.0 0 0.0
Compensation
Total Non- 95 MA 95 411 95 41.1 95 M
Government
Total Payer Mix 231 100 231 100 231 100 231 100

* Includes managed care activity.
** Fill in years. Ensure the period covered by this table corresponds to the period covered in the projections
provided. New programs may leave the "current” column blank.



Utilization

§ “The applicant's past and proposed provisfon of health care services lo
relevant patfent populations and payer mix, including, but not fimited fo,
access to services by Medicaid recipients and indigent persons,”
(Conn.Gen. Stat. § 19a-639(a)(6))

25. Complete OHCA Table 5 and OHCA Table 6 for the past three fiscal years ("FY"), current
fiscal year (“CFY”) and first three projected FYs of the proposal, for each of the Applicant’s
existing and/or proposed services. Report the units by service, service type or service level.

Response:
See OHCA Table 5 and OHCA Table 6.

26. Provide a detailed explanation of all assumptions used in the derivation/ calculation of the
projected service volume; explain any increases and/or decreases in volume reported in
OHCA Table 5 and 6.

Response:
Volumes are conservatively projected flat in the near future in OHCA Table § and 6.

27. Provide the current and projected patient population mix (number and percentage of

patients by payer) for the proposal using OHCA Table 7 and provide all assumptions. Note:

payer mix should be calculated from patient volumes, not patient revenues.

Response:
See OHCA Table 7.

§ “Whether the applicant has satistactorily identified the population to be |
served by the proposed project and satisfactorily demonstrated that the
identified popufation has a need for the proposed services,”

(Conn.Gen. Stat. § 19a-639(a)(7))

28. Describe the population (as identified in question 8(a)) by gender, age groups or persons
with a specific condition or disorder and provide evidence (i.e., incidence, prevalence or
other demographic data) that demonstrates a need for the proposed service or proposal.
Please note: if population estimates or other demographic data are submitted,
provide only publicly available and verifiable information (e.g., U.S. Census Bureau,
Department of Public Health, CT State Data Center) and document the source.

Response:
The population served by this proposal includes all residents within the service area in

need of cardiovascular imaging services. The current population served will continue to
be served by the new replacement equipment.
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TABLE 8

back to question

UTILIZATION BY TOWN

Guilford SPECT
Utilization
Town FY 2016**
Branford 161
Guilford 130
Madison 118
East Haven T2
Clinton 59
Westbrook 36
0ld Saybrook 26
North Branford 24
New Haven 23
Killingworth 22
Old Lyme 20
West Haven 19
Northford 16
Essex 11
Milford 9
Hamden 8
Waterford 8
New London 8
Mystic (5}
Niantic 5]
North Haven 5
Groton 5
Woodbridge 5
Deep River 5
Higganum 4
Durham 4
lvoryton 4
Norwich 3
Orange g
Middletown =33
Chester 2
Bethany 2
Haddam 2
Stratford 2
Cther 56
TOTAL 887

*  List inpatientfoutpatient/ED velumes separately, if applicable
** Fill in moest recently completed fiscal year.
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TABLE 8
UTILIZATION BY TOWN

SRC SPECT

Town

Utilization
FY 2016**

New Haven
West Haven
Hamden
Fast Haven
Noerth Haven
Branford
Wallingford
Milford
Guilford
Orange
Cheshire
Seymour
Waoodbridge
North Branford
Clinton
Northford
Ansonia
Derby
Westbrook
Bethany
Stratford
Meriden
Bridgeport
Killingworth
Southington
Fairfield
Waterbury
Shelton
Naugatuck
Other
TOTAL

85
32
27
14
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* List inpatient/outpatient/ED volumes separately, if applicable

* Fill in most recently completed fiscal year.

back to guestion]
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TABLE 9

SERVICES AND SERVICE LOCATIONS OF EXISTING PROVIDERS

HEART AND VASCULAR SERVICES

IN ADDITION TO THOSE IN TABLE 1

Current
Service or Population Facility ID* Facility's Provider Name, Hours/Days Scan
Proogram Name Served Street Address and Town of Operation Utilization
(FY16)
YNHH SPECT Heart & 1851568828 YNHH HVC M-F 491
Vascular 1450 Chapel Street Fam-5pm
New Haven, CT
YNHH SPECT Heart & 1851568828 YNHH HVC M-F 915
Vascular 2 Divine Street Tam-5pm
North Haven, CT
YNHH SPECT Heart & 1851568828 YNHH HVC M-F 776
Vascular 79 Wawecus Street 7am-5pm
Nomwich, CT
YNHH SPECT/CT Heart & 1851566828 YNHH HVC M-F 660
Vascular 20 York Street Sam-5pm
New Haven, CT
YNHH SPECT Heart & 1851568828 YNHH HVC M-F 484
Vascular 20 York Street Sam-5pm
New Haven, CT
YNHH SPECT Heart & 1851568828 Y¥NHH HVC M-F 193
Vascular 20 York Street 8am-5pm
New Haven, CT
YNHH SPECT Gated Blood 1851568828 YNHH HVC M-F 0
Pool Exams 20 York Street, 8am-5pm
New Haven, CT
YNHH SPECT ED 1851568828 YNHH HVC 7 days/week 984
20 York Street, Bam-8pm

New Haven, CT

* Provide the Medicare, Canneclicut Department of Social Services (DSS), or National Provider Identifier (NPI) facility
identifier and label column with the identifier used.

[back to question
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Conneclicut Department
af Public Health

Supplemental CON Application Form
Acquisition of Equipment
Conn. Gen. Stat. § 19a-638(a)(10),(11)

Applicant: Yale-New Haven Hospital

Project Name: Replace 2 existing SPECT cameras with 2 SPECT/CT cameras

40




41

1. Project Descripfion: Acquisition of Equipment

a. Provide the manufacturer, model and number of slices/tesla strength of the
proposed scanner (as appropriate to each piece of equipment).

Response:
Yale-New Haven Hospital (YNHH) intends to replace two (2) existing SPECT

cameras with two (2) of the following scanners:
e GE Optima 640 SPECT/CT

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

Response:
YNHH offers SPECT and SPECT/CT services for its heart and vascular patients at

the following sites:

o 1450 Chapel Street, New Haven, CT: SPECT (2 machines, 1 being replaced)
e 20 York Street, New Haven, CT: SPECT (4 machines), SPECT/CT (1 machine)
e 111 Goose Lane, Guilford, CT: SPECT (1 machine, 1 being replaced)

e 2 Divine Street, North Haven, CT: SPECT (1 machine)

e 79 Wawecus Street, Norwich, CT: SPECT (1 machine)



2. Clear Public Need

a. Complete Table A for each piece of equipment of the type proposed currently
operated by the Applicant at each of the Applicant’s sites.

Response:
YNHH offers SPECT and SPECT/CT services for its heart and vascular patients at
the following sites:

TABLE A
EXISTING EQUIPMENT OPERATED BY THE APPLICANT
Provider NamefAddress Service* Days/Hours of Operation ** Ut{i:_.iﬁg?n

YNHH HVC, 111 Goose Lane, Guilford, CT SPECT M-F, 7am-5pm 837
YNHH HVC, 1450 Chapel St. New Haven, CT SPECT M-F, 7am-5pm 231
YNHH HVC, 1450 Chapel St. New Haven, CT SPECT M-F, 7am-5pm 491
YNHH HVC, 2 Divine Street, North Haven, CT SPECT M-F, 7am-5pm 915
YNHH HVC, 78 Wawecus Street, Norwich, CT SPECT M-F, 7am-5pm TiG
YNHH HVC, 20 York Street, New Haven, CT SPECT/CT M-F, Bam-5pm 660
YNHH HVC, 20 York Street, New Haven, CT SPECT M-F, 8am-5pm 484
YNHH HVC, 20 York Street, New Haven, CT SPECT M-F, Bam-5pm 193
YNHH HVC, 20 York Street, New Haven, CT SPECT M-F, 8am-5pm 0

YNHH ED, 20 York Street, New Haven, CT SPECT M-F, 8am-8pm 984

*Include squipment 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

b. Provide the rationale for locating the proposed equipment at the proposed site;

Response:
YNHH intends to replace the equipment at existing sites of service.
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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 FYs of the proposal, for each of the
Applicant's existing and proposed pieces of equipment (of the type proposed, at
the proposed location only).

Response:
YNHH offers SPECT and SPECT/CT services for its heart and vascular patients at
the following sites:

HISTORICAL, CURRENT, AND PROJECTED VOLUME, BY EQUIPMENT UNIT

Actual Volume CFY Projected Volume
{Last 3 Completed FYs) | Volume*
Equipment™* FY 17
Fy14 | FY15 | FY 16 | (Qct-Nov | FY 17 | FY 18 | FY 19
2017)
YNHH HVC, 111 Goose Lane, Guilford, CT 816 912 887 213 887 0 0
YNHH HVC, 111 Goose Lane, Guilford, CT (new) 0 0 0 8] 0 887 2887
YNHH HVC, 1450 Chapel St. New Haven, CT 281 233 231 35 231 0 0
YNHH HVC, 1450 Chapel 5t. New Haven, CT (new) 0 0 0 0] 0 231 231
YNHH HVC, 1450 Chapel St. New Haven, CT 597 495 491 76 491 491 491
YNHH HVC, 2 Divine Street, North Haven, CT 914 965 915 145 915 915 915
YNHH HVC, 79 Wawecus Street, Norwich, CT 889 689 776 118 776 776 776
YNHH HVC, 20 York Street, New Haven, CT 717 524 660 117 660 660 8660
YNHH HVC, 20 York Street, New Haven, CT 541 608 484 59 484 484 484
YNHH HYC, 20 York Street, New Haven, CT 113 245 193 24 193 193 193
YNHH HVC, 20 York Street, New Haven, CT 0] 1 0 0 0 0 0
YNHH ED, 20 York Street, New Haven, CT 983 928 984 99 984 84 984
Total 5851 | 5598 5621 886 5621 5621 5621

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

**I£ 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 aach scanner separaiely and add lines as necessary. Also break out inpatient/outpatient/ED volumes if
applicahle.

=+Ejll in years. In a footnote, identify the period covered by the Applicant’s FY (e.g., July 1-June 30, calendar year, etc.).
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b. Provide a detailed explanation of all assumptions used in the derivation/
calculation of the projected volume by scanner and scan type.

Response:
All projected volumes are conservatively project flat in the future FYs.

c. Explain any increases and/or decreases in the volume reported in the tables
above.

Response:
All projected volumes are conservatively project flat in the future FYs.
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d. Provide a breakdown, by town, of the volumes for the most recently completed
FY.

Response:
See below for the utilization by town for the SPECT cameras to be replaced with
SPECT/CT cameras at Guilford and the YNHH St. Raphael Campus in New Haven.

UTILIZATION BY TOWN

Guilford SPECT
Utilization
Town FY 20165~
Branford 161
Guilford 130
Madison 118
East Haven 72
Clinton 59
Westhrool 36
01d Saybrook 26
North Branford 24
New Haven 23
Killingworth 22
01d Lyme 20
West Haven 19
Northford 16
Essex 11
Milford 9
Hamden 8
Waterford 8
New London 8
Mystic 6
Niantic 6
North Haven 5
Groton 5
Woodbridge 3
Deep River 5
Higganum 4
Durham 4
Tvoryton 4
Norwich 3
Orange 3
Middletown 3
Chester s
Bethany 2
Haddam 2
Stratford 2
Other 56
TOTAL 887

*  List inpatient/outpatient/ED volumes separately, if applicable
#% Fill in most recently completed fiscal year.




UTILIZATION BY TOWN

SRC SPECT

Town

Utilization
FY 2006%*

MNew Haven
West Haven
Hamden
East Haven
North Haven
Branford
Wallingford
Milford
Guilford
Orange
Cheshire
Seymour
Woodbridge
North Branford
Clinton
Northford
Ansonia
Derby
Westbrook
Bethany
Stratford
Meriden
Bridgeport
Killingwaorth
Southington
Fairfield
Waterbury
Shelton
Naugatuck
Other
TOTAL

83
32
27
14
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* List inpatient/outpatient/ED volumes separately, if applicable

## Fill in most recently completed fiscal year,
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29, Using OHCA Table 8, provide a breakdown of utilization by town for the most recently
completed fiscal year. Utilization may be reported as number of persons, visits, scans or
other unit appropriate for the information being reported.

Response:
See OHCA Table 8.

§ “The utilization of exisling health care facililies and health care services in
the service area of the applicant;” (Conn.Gen. Stat. § 19a-639(a)(8))

30. Using OHCA Table 9, identify all existing providers in the service area and, as available, list
the services provided, population served, facility ID (see table footnote), address,
hours/days of operation and current utilization of the facility. Include providers in the towns
served or proposed to be served by the Applicant, as well as providers in towns contiguous
to the service area.

Response:
See OHCA Table 9, which includes all existing SPECT and SPECT/CT equipment owned
by YNHH and utilized for heart and vascular services.

31. Describe the effect of the proposal on these existing providers.

Response:
There will be no impact on existing providers.

32. Describe the existing referral patterns in the area served by the proposal.

Response:
Patients are referred for cardiac nuclear medicine imaging by their primary care provider

or specialist based on the medical need for the service.
33. Explain how current referral patterns will be affected by the proposal.

Response.
No change in referral patterns due to the proposal.

§ “Whether the applicant has satisfactorily demonstrated that the proposed
project shall not result in an unnecessary duplication of existing or
approved health care services or facilities;” (Conn.Gen.Stat. § 19a-
639(a)(9))

34. If applicable, explain why approval of the proposal will not result in an unnecessary
duplication of services.

Response:
Not applicable, replacement of existing equipment with better technology.
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§ “Whether the applicant has satisfactorily demonstrated that the proposal
will not negatively impact ihe diversity of health care providers and patient
choice in the geographic region;” (Conn.Gen. Stat. § 19a-639(a)(11))

35. Explain in detail how the proposal will impact (i.e., positive, negative or no impact) the
diversity of health care providers and patient choice in the geographic region.

Response:
The proposal will have no impact on the diversity of health care providers and patient

choice in the region. This is a replacement of existing equipment.




Tables

TABLE 1
APPLICANT'S SERVICES AND SERVICE LOCATIONS TO BE REPLACED
Population Days/Hours of New Service o
Service Street Address, Town Sanad Operation Proposed
Termination
SPECT 1450 Chapel Street Heart and M-F Replacement
(5t. Raphael Campus) | vascular patients | 7am — 5pm
New Haven, CT of greater New
Haven region
SPECT 111 Goose Lane Heart and M-F Replacement
Guilford, CT vascular patienfts | 7am —5pm
of greater New
Haven region
[back to question]
TABLE 2
SERVICE AREA TOWNS

[back to question]

List the official name of town* and provide the reason for inclusion.

Guilford SPECT

Town*

Reascen for Inclusion

Branford
Guilford
Madison
East Haven
Clinton
Westbrook
Old Saybrook
Nerth Branford
New Haven
Killingworth

Represents 75% of scan volume.

*Village or place names are not acceptable.

St. Raphael Campus SPECT

Town*

Reason for Inclusion

New Haven
West Haven
Hamden
East Haven
North Haven
Branford

Represents 75% of scan volume.
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TABLE 3

TOTAL PROPOSAL CAPITAL EXPENDITURE
Purchase/Lease Cost
Equipment {Medical, Non-medical, Imaging) 453,931
Land/Building Purchase*
Construction/Renovation™ 10,000
Other (specify)
Total Capital Expenditure (TCE) 463,931
Lease (Medical, Non-medical, Imaging)™* 0
Total Lease Cost (TLC) 0
Total Project Cost (TCE+TLC) 463,931

*  |f the proposal involves a land/building purchase, attach a real estate property
appraisal ineluding 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 cperations date.

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

The above is for 1 machine, and is doubled for 2 machines.

[back to question]
TABLE 4
PROJECTED INCREMENTAL REVENUES AND EXPENSES
FY 2017* FY 2018* FY 2019*
Revenue from Operations $0 30 $0
Total Operating Expenses 0 0 0
Gain/Loss from Operations 50 $0 $0

“Fill in years using those reported in the Financial Worksheet attached.

[back to question]



EXHIBIT A
DETERMINATION DECISION FROM OHCA
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STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

Dannel P. Malloy
Governor
Raul Pino, M.D., M.PH.

s Nancy Wyman
Commigsioner Yy Wy

Lt. Governor

Office of Hezlth Care Access
October 4, 2016 VIA EMAIL ONLY

Nancy Rosenthal

VP, Strategy and Regulatory Planning
Yale New Haven Hospital

2 Howe Street

New Haven, CT 06511

RE:  Certificate of Need Determination Report Number 16-32124-DTR
Replacement of Imaging Equipment

Dear Ms. Rosenthal:

On September 28, 2016, the Office of Health Care Access (“OHCA™) received your Certificate
of Need (“CON™) Determination request on behalf of Yale New Haven Hospital (“Petitioner™)
with respect to the replacement of five (5) single photon emission computed tomography
(“SPECT?”) cameras with five (5) single-photon emission computed tomography/computed
tomography (“SPECT-CT”) cameras.

The Petitioner currently operates SPECT cameras at locations in the following towns: New
Haven, CT; North Haven, CT; Guilford, CT; and Norwich, CT. Petitioner contends that its
equipment has reached the end of its useful life and that the new SPECT-CT cameras will enable
higher quality imaging studies than is currently possible. Petitioner requests guidance as to
whether a CON is required to replace a SPECT camera with a SPECT-CT camera.

Pursuant to Conn. Gen. Stat. § 19a-638(a)(10), a certificate of need is required for the
*acquisition of computed tomography scanners...” SPECT-CT camgras combine computed
tomography with the technology currenily utilized by the Petitioner to enhance imaging,

pONRE e,
g omnectieyy

Pl e o0 L
S B
A Phone: (860) 418-7001 » Fax: (860) 418-7053
E P H i 410 Capitol Avenue, MS#13HCA
ol Y Hartford, Connecticut 06134-0308
_ www.ct.gov/dph
ot Publc Heatth Affirmative Action/Equal Opportunity Emplayer



Yale New Haven Hospital Page 2

Therefore, the Petitioner’s request to replace its SPECT cameras with SPECT-CT cameras
constitutes an acquisition of imaging equipment, and a CON is required.

Sincerely,

/MW;:::,

Kimberiy R. Martone
Director of Operations

e Rose Mcl ellan, License and Applications Superviscr, DPH, DHSR



EXHIBIT B
YNHH LICENSE
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STATE OF CONNECTICUT

Department of Public Health

LICENSE

License No. 0044

General Hospital

In accordance with the provisions of the General Statutes of Connecticut Section 19a-493:

Yale-New Haven Hospital, Inc. of New Haven, CT d/b/a Yale-New Haven Hespital, Inc. is

hereby licensed to maintain and operate a General Hospital.

Yale-New Haven Hospital, Inc. is located at 20 York Street, New Haven, CT 06510-3220.

The maximum number of beds shall not exceed at any time:

134 Bassinets
1407 General Hospital Beds

This license expires September 30, 2017 and may be revoked for cause at any time.
Dated at Hartford, Connecticut, October 1, 2015. RENEWAL.

SATELLITES:

Hill Regional Coreer High Schiool, 140 Legion Aveave, New Haven, CT
Branford High School Based Health Ceontgw, 135 Bast Main Sireef, Branford, CT
Waish Middle School, 185 Dimascus Road, Braoford, CT

Tames Hillhouse High School Brsed Health Cemter, 480 Shemaan Parlvay, Mew Haven, CT

Weller Building, 425 George Street, New Haven, CT ;

Yalo-Mew Haven Pychiatric Hospital, 184 Liherty Street, New Haven, CT

Yle-2ew Haven Sharcline Medical Center, 111 Guose Lane, Guilford, CT

Pedintrio Dentistry Center, 1 Long Wharf Diive, New Haven, CT

YNHASC Temple Surgical Centzr, 60 Temple Stret, New Havex, CT

YMHARC Women's Surgical Ceater, 40 Temple Street, Now Havern, CT

Manro-Sheridan School Based Health Ceutes, 191 Fountan Street, New Haven, CT

Yale-New Haven Hospital Dental Center, 2560 Diowell Avenus, Hamden, CT

Murplhy School Bascd Fealth Ceoter, 14 Brushy Plain Road, Branford, CT

WNEICH at Bridgepert, 267 Grant Street, 6% Floar, Bridgeport, CT

Pediatrie Primary Care Center, 226 Mill TEIL Avente, Bridgepart, CT :

Yels New Haven Hospital-Sain: Raphael Cxmpus, 1450 Chapel Streer, Newr Haven, CT
Adolescent Dey Hospital, 646 George Street, New Haven, cT

Children’s Psychistric Day Hospital, 1450 Chaps] Street, New Haven, CT

Elder €are Clinie/Rdith Johnson Tower, 114 Bristol Street, New Haven, CT

Troup Magnet Acadey Setivol-Based Health Center, 259 Edgewood Aveans, New Haven, CT
Adult PP, 1100 Shérman Aveme, Hamden, CT' %

Projeet MotherCare at Wheat, 674 Washington Avenue, West Hayen, CT

Barnard Baviroamental Studies Maenct School, 170 Derby Avenus, New Haven, CT

Project Eldaroare, 2080 Whitosy Avenite, Suite 130, Hamden, CT

Shoreline Child and Adolk Mental Lealth Services, 21 Business Park Drive, Braaford, CT
“YaleNew Faven Hospitel Urolegy, Parkview Bldg,, 1291 Baston Post Rodd, Suits 205, Madison, CT
#Psychintric Day Hosgital, 425 George Strest, Now Haven i
#Adult Psychiatric PHP and Continuing Care, 1294 Chapel Street, New Haven, CT

License Rovised to Reflect: _
*Chnge of address for (2) Saellites effuctive 2/4/15
Removed (4) Satellites effective 9/19/14

Eg@é /}MMM-.— /D

Jewel Mullen, MD, MPH, MPA
Commissioner
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Keith B. Churchwell, MD, FACC, FAHA, FACP

Office Address:

Office Phone Number:

Office Fax Number:

Email:

Date and Place of Birth:

Home Address:

Home Phone Wumber:
Spouse's Name:
Children;

Present Position:

Education

Cuarriculum Vitae

20 York Street

Tompkins Building, Room 106

Yale New Haven Hospital

New Haven, Connecticut 06510-3202
(203) 688-2610

(203) 688-7352

keith.churchwell@ynhh.org

November 12, 1961 (Nashville, TN)

21 Mill Road
Guilford, CT 016437

(615)512-1232
Married, Leslie Douglas-Churchwell, M.D.

Lauren Churchwell (February 21, 1996)

Senior Vice President of Operations and Executive Director

Heart and Vascular Center and Transplantation Center
Yale New Haven Hospital / Yale New Haven Health

»  Harvard University (Cambridge, MA), AB Biology, 1979-1983

= Washington University School of Medicine (St. Louis, Missouri), MD, 1983-1987

Postgraduate Training: Emory University Affiliated Hospitals (Atlanta, GA)

» Internal Medicine Tnternship, June 23, 1987 —June 23,1988

« Internal Medicine Residency, July 1, 1988 — June 30, 1990

53



Keith B. Churclvwell, MD, FACC, FAHA, FACP

Cardiology Fellowship, July 1, 1990 — June 30, 1994

Nuclear Cardiology Fellowship July 1, 1993 —June 30, 1994

Licensure and Certification

Connecticut; Medical License, 1998 — 2015, License # MD 054404
Tennessee: Medical License, 1994, 2015, License # MD 25554
Kentucky: Medical License, 1998 — 2014, License # MD 37555

State Board of Georgia and Composite Board of Medical Examiners Certification in Medicine
and Surgery, 1988-1996, License #032531

Diplomate, The American Board of Internal Medicine, 1990, 2001, 2011 License # 134614
Diplomate, The American Board of Internal Medicine (Cardiovascular Disease), 1995, 2005

Diplomate, Certification Council of Nuclear Cardiology, October 1996

Academic Appointments

Chief Resident, Internal Medicine, Emory University Affiliated Hospitals, Grady Memorial
Hospital, July 1991 — June 1992

Assistant Clinical Professor of Medicine, Vanderbilt University Medical Center, September 1998
— April 2005

Associate Clinical Professor of Medicine and Radiological Sciences, Vanderbilt University
Medical Center, June 2005 — June 2006

Assistant Professor of Medicine and Radiological Sciences, Vanderbilt University Medical
Center, July 2006 — July 2008

Associate Professor of Medicine and Radiological Sciences, Vanderbilt University Medical
Center, July 2009 - 2014

Adjunct Associate Professor , Vanderbilt University Medical Center, 2015 -

Revised December 20, 16 Page 2 of §
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Keith B. Churchwell, MD, FACC, FAHA, FACP

Hospital Appointments

Baptist Hospital, Medical Staff, July 1994 — June 2006
St. Thomas Hospital, Medical Staff, July 1994-June 2006
Livingston Regional Hospital, June 1996 —2014
Muhlenberg Community Hospital 2000 —2014
University Medical Center, 2008 —2014

Vanderbilt University Medical Center, 1998 - 2014

Professional Organizations

American Association of Nuclear Cardiology, Full Member
American Society of Echocardiography, Member
American College of Cardiology, Fellow

American Heart Association, Fellow

American College of Physicians, Fellow

Professional Activities

Director, American Society of Nuclear Cardiology Working Group for Middle Tennessee 2002~
2004

Member, Quality Assurance Committee, American Society of Nuclear Cardiology, 2004-2008

Member/Liaison, Science Advisory and Coordinating Committee, American Heart Association
2012-2017

Member, Diversity Leadership Committee, American Heart Association, 2012-present
Member, Hospital Accreditation Committee, American Heart Association, 2013-2015
Member, Mission Lifeline Out of Hospital Task Force, American Heart Association, 2013
Member, YNHHS Ambulatory Anti-Coagulation Charter, 2015

Member, YNHH Joint Leadership Council, 2015

Revised December 20, 16 Page 3 of 9
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Keith B. Churchwell, MD, FACC, FAHA, FACP

Member, YNHH Medical Leadership Council, 2015
Member, YNHH Clinical Advisory Board, 2015
Member, YNHH Physician Advisory Board, 2015

Member, Diversity Leadership Liaison on the Social Determinants of Health Committee of the
Epidemiology & Prevention (EPI) Council, American Heart Association, 2016

Member, Founders Affiliate, American Heart Association, 2016

Member, YNHTC Leadership Advisory Committee, 2016

Teaching Activities

Co-Director, the American College of Physicians, Georgia Scientific Sessions, St. Simon's Island,
May 1992

Harrison Service Clinical Attending, Cardiovascular Service 1999 - 2009

Nuclear Cardiology Yearly lecture series (Initiated series, lectures —3 times each year 2005 -
Present)

Cardiovascular Imaging Research Conference (Initiated conference, monthly meeting, 2011~
present)

Hypertrophic Cardiomyopathy Clinical Conference (Initiated conference — monthly meeting,
2012 — present)

Vanderbilt 28™ Annual Research Forum, Review Committee, April 22, 2010

Originator and Course Director (with Douglas Vaughan, MD), Cardiclogy 2002 -2003,
Vanderbilt Cardiology Sympostum [Now in its 14" year]

Presenter and Coordinator, Nuclear Cardiology Quarterly Review and Quality Assurance 2010 —
Present

Vanderbilt Cardiology Valve Symposium 2012, Course Director (with Drs. John Byrne and
David Zhao)

Civic Activities

Co-Chair, Northeast Health Equity Consortium, American Heart Association

Member, Columbus House, 2016
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*  Nashville Symphony Association, Board of Directors, 2012 - Present

* Nashville Symphony Association Annual Campaign Chair, 2013

»  American Heart Association, Board of Directors, 2009 -Present

*  President, American Heart Association, State of Tennessee, 2010-2011

*  Board of Directors, Greater Southeast Affiliate, American Heart Association, 2010-Present
«  Vice President, Greater Southeast Affiliate, American Heart Association, 2011-2012

»  President, Greater Southeast Affiliate, American Heart Association, 2013-2014

»  Music Director Search Committee, New Haven Symphony Orchestra, 2016

Honors and Awards
«  Edward Massie Award in Cardiology, Washington University School of Medicine, June 1987
»  Alpha Omega Alpha, accepted Emory University, 1990
«  Selection as one of the "Best Doctors in America"” by Best Doctors, 2001-2013
+  Selection as one of the "Top Cardiologists" by Guide to America's Top Cardiologists, 2006-2012
« Nashville Alliance Public Schools Hall of Fame Inductee, 2009
+  Trumpet Award (Presented by the Trumpet Award Foundation) for Medicine, 2010
- s Joshua Award "The Jericho Project" Tennessee State University, April 2011
= Selection as one of the “Best Doctors in Nashville” by Nashville Business Journal, 2012, 2013

»  Selection as one of the “Top Doctors in Nashville” by Nashville Lifestyles, 2006, 2008, 2011,
2013

*  AT&T Tennessee African American History Calendar (Hi g‘hlighting the contributions of
African-Americans across the state), 2013

Institutional Service
«  Medical Director, The Page Campbell Vanderbilt Heart Institute, July 2000-April 2004

« Interviewer, Vanderbilt University School of Medicine Medical School Applicants 2004-Present
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« Interviewer, Vanderbilt University Medical Center Internal Residency Applicants, 2006 - Present
= Associate Medical Director, Vanderbilt Heart Institute 2006- March 2008

»  Medical Director, Cardiac Tmaging, Vanderbilt Heart and Vascular Institute March 2008-Present
»  Bxecutive Medical Director, Vanderbilt and Heart Vascular Institute March 2008-June 2009

»  Director, Anticoagulation Advisory Committee, November 2008-2010

»  Executive Director/Chief Medical Officer, Vanderbilt Heart and Vascular Institute July 2009-
Present

¢ Co-Clinical Director, Nuclear Cardiology, Vanderbilt Heart and Vascular Instifute 2009 - Present

Invited Lectures

« Medical Grand Rounds, "Cardiac PET Imaging," University of Tennessee, Knoxville, October
1998.

Physician Liaison Program, "Non-Invasive Strategies for the evaluation of Ischemic Heart
Disease — Is There a Right Approach?" Bedford County Medical Center, April 2001,

»  University of Mississippi — Cardiology Grand Rounds, Jackson, Mississippi, May 10, 2001.

»  American College of Cardiology — Strategies for Success, "EMR Adaptation into Physician
Culture — An Impossible Task?" Bermuda, June 27, 2001.

= ASNC Symposium and Scientific Session — 6th Annual Read with the Experts, "Focus on
CAD," Boston, Massachnsetts, September 2001.

» Redmond Regional Medical Center — Fall Medical Symposium," Cardiovascular Disease in
Women: Why, How and with What," Rome, Georgia, September 26, 2001.

e "Women and Heart Disease," Parkway East Center, Oak Ridge, Tennessee, November 13, 2001.

«  Vanderbilt School of Nursing, "Long Term Medical/Surgical Therapy After M1," Nashville,
Tennessee, May 24, 2002.

»  Facilitating the Advancement of Rural Medicine, "Risk Stratification," Madison, Tennessee, June
24, 2002,

*  "Patient Selection for CV Imaging," Pensacola, Florida, June 27, 2002.

»  Facilitating the Advancement of Rural Medicine, "Risk Stratification," Lenoir City, Tennessee,
September 10, 2002.
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*  Cardiolite Tmaging Meeting, "Risk Stratification," Jackson, Tennessee, December 4, 2002,

»  Society of Nuclear Medicine, Southeastern Conference, "Myocardial Imaging Techniques,”
Nashville, Tennessee, October 2004

+  Cardiology Grand Rounds, Vanderbilt University Medical Center, March 21, 2007, “Myocardial
PET Tmaging”.

«  Medical Grand Rounds, Vanderbilt University Medical Center, “Myocardial Viability" August
20, 2009 "Myocardial Viability".

»  Vanderbilt Valve Symposium, "Mitral Valve Case Studies", October 30, 20009,

»  Vanderbilt Symposium 2010 "Athletes and Heart Disease", February 26, 2010.
«  Vanderbilt Critical Skills Summit, “Utility of TEE in the 1ICU”, May 23, 2010.

= Vanderbilt Heart and Vascular Institute, Middle Tennessee Cardiovascular Disease Update
Conference, “What is the Appropriate Screening for Athletes?” August 27, 201 1.

American College of Cardiology Anmal Meeting 2012, “ The Development of the Academic
Cardiovascular Institute”.

«  Vanderbilt Valve Symposium, October 2012, “Financial Implication of TAVR™.

»  ACC Cardiovascular Summit, January 2013, “Academic Cardiovascular Service Lines”.

Publications and Presentations
Original Investigations

Patterson RE, Pilcher WC, Churchwell KB, Goodman MM, Garcia EV, Eisner RL. Positron Emission
Tomographic Imaging of the Cardiovascular System: an emerging clinical tool. Heart Disease and Stroke
1994 Nov-Dec; 3(6): 330-7

Patterson RE, Churchwell KB, Eisner RL.. Diagnosis of coronary artery disease in women: roles of three-
dimensional imaging with magnetic resonance or positron emission tomography. American Journal of
Cardiac Imaging 1996 January 10 (1): 78-88

Darbar D, Yang T, Churchwell K, Wilde AAM, Roden DM. Unmasking of Brugada syndrome by
lithium. Circulation. 2005 Sept 13; 112(11): 15271531
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Stankewicz MA, Mansour CS, Eisner RL, Churchwell KB, Williams BR, Sigman SR, Strecter J,
Patterson RE, Myocardial viability assessment by PET: (82)Rb defect washout does not predict the results
of metabolic-perfusion mismatch. J Nucl Med. 2005 Oct; 46(10): 1602-9.

Fong PP, Jackson EB, Churchwell KB, Steaban R, Starmer JM, Johnson DC, McNeil JD, Klint 7, Secalf
SL, Parsons CM, Cortez S, Christensen D, French T, McPherson JA. Acute coronary syndrome pathways:
alignment with a bundled care reimbursement model. Critical Pathways in Cardiology: A Jowrnal of
Evidence-Based Medicine. March 2011; 10(1): 1-8.

Brittain, EL, Goyal SK, Sample M, Leacche M, Absi T, Papa F, Churchwell K, Ball S, Byrne, J, Maltais,
S, Petracek M, Mendes L. Minimally invasive fibrillating mitral valve replacement for patients with

advanced cardiomyopathy: A safe and effective approach. Journal of Thoracic and Cardiovascular
Surgery (IN PRESS)

Book Chapters

Patterson RE, Cloninger K, Churchwell KB, Shonkoff DW, Sullivan KW, Williams BR, Eisner RL.
Special problems with cardiovascular imaging to assess coronary artery disease in women. Women &
Heart Disease. 91-117, 1993.

Reviews, Case Reports, Letters, Editorials:

Hansen CL, Goldstein RA, Berman DS, Churchwell KB, Cooke CD, Corbett JR, Cullom SJ, Dahlberg
ST, Galt JR, Garg RK, Heller GV, Hyun MC, Johnson LL, Mann A, McCallister BD Jr, Taillefer R, Ward
RP, Mahmarian JJ; Quality Assurance Committee of the American Society of Nuclear Cardiclogy.
Myocardial perfusion and function single photon emission computed tomography. J Nuct Cardiol. 2006
Nov; 13(6):e97-120.

Hansen CL, Goldstein RA, Akinboboye 00, Berman DS, Botvinick EH, Churchwell KB, Cooke CD,
Corbett TR, Cullom SJ, Dahlberg ST, Druz RS, Ficaro EP, Galt JR, Garg RK, Germano G, Heller GV,
Henzlova MJ, Hyun MC, Johnson LL, Mann A, McCallister BD JTr, Quaife RA, Ruddy TD, Sundaram
SN, Taillefer R, Ward RP, Mahmarian JJ; American Society of Nuclear Cardiology. Myocardial
perfusion and function: single photon emission computed tomography.J Nucl Cardiol. 2007 Nov-Dec;
14(6):¢39-60.

Churchwell K, State smoking ban "Issues related to second hand smoke" (published in the Tenmessean
Newspaper, Monday, October 26, 2009).

Churchwell K. “Black Lives Do Matter — Association of Hospital Physician Characteristics and Care

Processes with Racial Disparities in Procedural Outcomes Among contemporary patients Undergoing
Coronary Artery Bypass Grafting Surgery”, American Heart Association Circulation. 2015; 020085.
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Abstracts

Churchwell KB, Eisner RL, Patterson , RE, et al. Accuracy of PET Rubidium-82 Myocardial Perfusion
Tmaging (MPI) to Diagnose Coronary Artery Disease: New Software for Objective Quantitative Analysis.
Jowrnal of Nuclear Medicine Vohune 35. Tssue 3. 23P (abstract presented at the Society of Nuclear
Medicine annual meeting, Orlando, Florida, June, 1994).

Streeter T, Churchwell KB, Patterson RE, et al. A Comparison of High Dose vs. Low Dose
Dipyridamole Infusion for Pharmacological Stress Testing. (abstract presented at the Institute for Clinical
PET Sixth Annuval International Conference, October 1994).

Churchwell KB, Pilcher WC, Eisner RL, Barclay AB, Patterson RE. Quantatitative Analysis of Positron
Emission Tomography: The "Women's test for Coronary Artery Disease. Journal of Nuclear Medicine

1995. Volume 36. Issue 3 41P (presented at the 42°d Society of Nuclear Medicine annual meeting,
Minneapolis, Minnesota, June 1995).

Huntsinger DR, Martin W, Churchwell K, Delbeke D. Value of Prone Myocardial Perfusion Spect
Imaging (MPT) for Patients with Chest Pain in the Emergency Department. Journal of Nuclear Cardiology
2002. Volume 9. Tssue 4. S 12 (abstract presented at ASNC Annual Meeting, September 2002).

Oddis CV, Bytne D, Myers IS, Churchwell AL, Churchwell KB.Vanderbilt University Medical Center
and The Page-Campbell Cardiology Group, Nashville, Tennessce. Effect of Patient Positioning on Left
Ventricular Functional and Volumetric Measurements by Quantitative Gated Myocardial SPECT.
(presented af the American Society of Nuclear Cardiology Annual Meeting, September 16, 2005).

Delbeke D, Kronenberg MW, Churchwell K, Mazer M, Martin WH, Brenner R, Forrester I, Patton JA;
Sandler MP. Integrated rest/stress myocardial perfusion SPECT (MPS) and 64-slice coronary CT
Angiography (CCTA): Impact on management in patients post-revascularization. Vanderbilt University
(presented at the Society of Nuclear Medicine Annual Meeting June, 2008).

Mohamed T, Sathappan K, Theilade C, Churchwell K. The outcome of minimally invasive mitral valve
surgery in patients with severe mitral stenosis without aortic cross clamping. (Accepted for poster
presentation SCA Annual Meeting June, 2008).

Delbeke D, Kronenberg M, Churchwell K, Mazer M, Martin W, Brenner R, Forrester J, Patton JA,
Sandler M; Vanderbilt Hospital, Nashville, TN. Integrated rest/stress myocardial perfusion SPECT
(MPS) and 64-slice coronaty CT Angiography (CCTA): Impact on management of patients post-
revascularization. (Accepted for presentation, American Society of Nuclear Cardiology Annual Meeting,
September 2008).

Brittain EL, Goyal S, Leacche M, Absi T, Balaguer JM, Churchwell KB, Mendes LA, Byrne JG, Ball
SK, Petracek MR, Vanderbilt University Medical Center, Nashville, TN, USA, Veterans Affairs Medical
Center, Nashville, TN. Mitral Regurgitation: Novel Surgical and Percutaneous Observations. (Accepted
for presentation, American College of Cardiology Annual Meeting March 2012).

Revised December 20, 16 Page Sofg

61



Keith B. Churchwell, MD, FACC, FAHA, FACP

Brittain EL, Goyal S, Marzia Leacche M, Absi T, Byrne JG, Petracek MR, Ball SK, Churchwell KB,
Mendes LA. Pre-operative Left Ventricular Size and Function Predict Outcome After Minimally-Invasive
Mitral Valve Replacement in Patients with Advanced Heart Failure. Division of Cardiovascular
Medicine! and Department of Cardiac Surgery?, Vanderbilt University Medical Center, and Department
of Cardiac Surgery, Veterans Affairs Medical Center®, Nashville, TN (Accepted for presentation, Heart
Valve Society of America April 2012 Scientific Sessions).

Brittain EL, Goyal 8, Leacche M, Absi T, Churchwell KB, Mendes LA, Byrne JG, Ball SK, Petracek
MR, Vanderbilt University Medical Center, Nashville, TN, USA. Minimally-Invasive Mitral Valve
Replacement without Aortic Cross-Clamp is Safe in Patients with Severe Cardiomyopathy (submitted for
presentation, American Heart Association 2012 Scientific Sessions November 2012).
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Education:
1994

1999
2008

Edward J. Miller, MD PhD §3

CURRICULUM VITAE

September 30, 2016

Edward J. Miller, MD, PhD

B.S.  University of Notre Dame, Notre Dame, IN; Cum Laude, Preprofessional
Studies

M.D. Loyola Stritch School of Medicine, Maywood, IL

Ph.D. Yale Graduate School of Arts and Sciences, New Haven, CT;

Investigative Medicine with Distinction

Career/Academic Appointments:

1999-2000
2002-2003
2003-2006

2006-2008
2008-2010

2008-2010
2010-2015

2010-2015
2011-2015

2013-2015
2015-present

2015-present

Intern, Yale-New Haven Hospital, New Haven, CT

Resident, Internal Medicine, Yale-New Haven Hospital, New Haven, CT
Research Fellow in Cardiology, Mentor Lawrence Young, MD; Yale School of
Medicine, New Haven, CT

Clinical Fellow in Cardiology, Yale-New Haven Hospital, New Haven, CT
Assistant Professor of Medicine (adjunct), Uniformed Services University of the
Health Sciences, Bethesda, MD

Staff Cardiologist, National Naval Medical Center, Bethesda, MD

Assistant Professor of Medicine and Radiology, Boston University School of
Medicine, Boston, MA

Attending Cardiologist; Nuclear Cardiologist, Boston Medical Center, Boston,
MA

Attending Cardiologist; Cardiac Sarcoidosis Clinic (founding member), Boston
Medical Center Sarcoidosis Center, Boston, MA

Attending Cardiologist; Boston University Amyloidosis Center, Boston, MA
Attending Cardiologist; Cardiac Sarcoidosis and Amyloidosis Clinic, Yale School
of Medicine, New Haven, CT

Assistant Professor of Medicine and Radiology, Yale University School of
Medicine, New Haven, CT

Administrative Positions:

2010-2015
2011-2015

2013-2015
2013-2015

2015-present

2015-present

Director, Boston Medical Center Cardiology Fellowship Nuclear Cardiology
Training program, Boston Medical Center, Boston, MA

Site Preceptor (Boston Medical Center), Certification Board of Nuclear
Cardiology, Boston Medical Center, Boston, MA

Director of Nuclear Imaging (Cardiology), Boston Medical Center, Boston, MA
Assistant Cardiology Fellowship Program Director, Boston Medical Center,
Boston, MA

Director, Nuclear Cardiology, Yale-New Haven Hospital, Yale School of
Medicine, New Haven, CT

Director, Cardiology Fellowship Program, Yale-New Haven Hospital, Yale
School of Medicine, New Haven, CT




Hdward T, Miller, MD PhD §4

2015-present Site Preceptor (Yale School of Medicine), Certification Board of Nuclear
Cardiology, Yale School of Medicine, New Haven, CT

Board Certification:

2000 North Carolina Medical License (#881234) — inactive

2002 Connecticut Medical License (#041697) — pending reactivation

2004 American Board of Internal Medicine (#228306)

2008 American Board of Internal Medicine — Cardiology

2008 Certification Board in Nuclear Cardiology (#6424)

2010 Commonwealth of Massachusetts Medical License (#244989) - inactive

2011-2015 Boston Medical Center — Clinical Radioisotope Use Permit/Authorized User (M-
122)

2013 Cardiac CT — Level I Certification

2015 State of Connecticut Medical License (#04167) - active

Professional Honors and Recognition:
2014 Fellow, American Society of Nuclear Cardiology (FASNC)
2010 Navy Humanitarian Service Medal
Navy and Marine Corps Commendation Medal
Armed Forces Service Medal

2009 American Society of Nuclear Cardiology Ieadership Development Program

2008 PhD with Distinction, Yale University

2006 International Society for Heart Research Young Investigator Competition-Finalist,
15" Runner-Up

2005 Yale Graduate Student Assembly Conference Travel Award

Northwestern University Feinberg School of Medicine Cardiovascular Young
Investigators’ Forum-3™ Prize, Fellows Basic Science
2001 Navy and Marine Corps Commendation Medal
Navy and Marine Corps Achievement Medal
Navy Combat Action Ribbon
1999 Alpha Omega Alpha
President's Medallion - Loyola University Chicago
Alpha Sigma Nu National Jesuit Honor Society

1994-1999 Navy Health Professions Scholarship Program
1994 Cum laude graduate, University of Notre Dame
Grant History:

Current Grants:
Agency: NIH/NHLBI
ID# KO8 HLL109158
Title:  “The Role and Regulation of the LKB1-AMPK axis in diabetic cardiomyopathy”
P.L. Edward J. Miller, MD PhD
Percent Effort: 75%
Direct costs per year: $143040
Total costs for the project period: $643,680
Project period: 4/2011-4/2017 (transferred to Yale)
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Agency: Bracco, Inc

ID# HIC #1512016912

Title:  “Optimizing acquisition parameters and interpretive methods of FDG-PET/CT with Rb-
82 myocardial perfusion imaging for evaluation of cardiac sarcoidosis™

BX Edward J. Miller, MD PhD

Percent Effort: 5%

Direct costs per year: $10000

Total costs for the project period: $20000

Project period: 10/2016-10/2018

Past Grants:
Agency: BU CTSI/DOM Pilot Grant
ID# N/A
Title:  “Measurement of cardiac mitochondrial membrane potential in vivo using Tc-99m
sestamibi microSPECT”
Pl Edward J. Miller, MD PhD
Percent Effort: 2%
Direct costs per year: $15000
Total costs for the project petiod: $15000
Project period: 2/2012-2/2013

Agency: NNMC Intramural Award

1D N/A
Title:  “Activation and Regulation of AMP-Activated Protein Kinase in Congestive Heart
Failure”

P.1 Edward J. Miller, MD PhD
Percent Effort: 2%

Direct costs per year: $8570

Total costs for the project period: $17140
Project period: 10/2008-6/2010

Past Clinical Trials
Agency: Lantheus Medical Imaging
ID# Protocol BMS747158-301
Title:  “A Phase 3, Open-Label, Multicenter Study for the Assessment of Myocardial
Perfusion using Positron Emission Tomography (PET) Imaging of Flurpiridaz F 18 Injection in
Patients with Suspected or Known Coronary Artery Disease (CAD)”
P.L Edward J. Miller, MD PhD (site)
Percent Effort: 2%
Direct costs per year: $23998
Total costs for the project period: $23998
Project period: 3/2012-6/2013

Invited Speaking Engagements, Presentations, Symposia & Workshops Not Affiliated With Yale:

National/International
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09/2016 American Society of Nuclear Cardiology Scientific Sessions, “Optimal Imaging
of Newer Less Common Nuclear Modalities (mIBG, Amyloid, PET for infection):
Reporting, Clinical Use”, Boca Raton, FL

09/2016 American Society of Nuclear Cardiology Scientific Sessions, “Getting out of the
Silo:  Intersocietal Collaboration in Cardiac Tmaging” (Moderator/session
organizer), Boca Raton, FL.

06/2016 Society for Nuclear Medicine and Molecular Imaging Scientific Sessions,
“Imaging of Reactive Oxygen Species”, San Diego, CA
09/2015 American Society of Nuclear Cardiology Scientific Sessions, “Effective Use of

Multimodality Imaging in Evaluation of Cardiac Sarcoidosis: Use of Imaging to
Follow Treatment Response”, Washington, DC

9/2014 Heart Failure Society of America, 18th Annual Scientific Meeting, “The Role of
Positron Emission Tomography in Unexplained Cardiomyopathy”, Las Vegas,
NV

9/2014 American Society of Nuclear Cardiology Scientific Sessions 2014, “Integration of
PET Imaging in Clinical Practice: Assessment of Myocardial Sarcoidosis”,
Boston, MA

9/2012 American Society of Nuclear Cardiology Scientific Sessions 2012, “Patient-
Centered Imaging™; Baltimore, MD

Regional

12/2016 Brown University Cardiology Grand Rounds, “Emerging Concepts in Nuclear
Imaging of Cardiac Amyloidosis”, Providence, RI

11/2016 Society for Nuclear Medicine and Molecular Imaging Northeast Regional
Meeeting, “PET and Cardiac Sarcoidosis”, Stamford, CT

7/2015 Boston Medical Center, Department of Family Medicine Grand Rounds, Boston,
MA:; “An Update on Cardiac Stress Testing”

8/2014 Fast Boston Neighborhood Health Center, Boston, MA; “Stress Tests: What to
order, when to order, WHY to order (and, why NOT to order)”

12/2013 Beth Israel Deaconess Cardiovascular Institute seminar, Boston, MA “AMPK,
LKB1 and Metabolic Heart Disease:  Hypertrophy and Mitochondrial
Remodeling”

11/2013 Yale School of Medicine Cardiovascular Medicine Grand Rounds, New Haven,
CT “Quantitative Imaging of FDG PET/CT in Cardiac Sarcoidosis” (NOTE: 1
was not affiliated with Yale at the time of this presentation)

10/2013 Brigham and Women’s Hospital Cardiovascular Imaging Conference, Boston,
MA: “Quantitative Imaging of FDG PET/CT in Cardiac Sarcoidosis™

9/2011 East Boston Neighborhood Health Center, Boston, MA: “Cardiac Imaging and
Risk Stratification in 20117

2/2009 NNMC Nuclear Medicine Authorized User Course, Bethesda, MD; “SPECT
Physics and Instrumentation™

10/2008 Uniformed Services University of Health Sciences, Department of Medicine

Research Grand Rounds, Bethesda, MD; “AMPK and the Heart”

Professional Service:
Journal Service:
Reviewer:
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Reviewer for eMedicine/WebMD, Cardiology CME case editor, Diabetologica,
American Journal of Physiology, Heart and Circulatory Physiology, Journal of
Thoracic Imaging, Journal of Molecular and Cellular Cardiology, PLos One,
Expert Reviews of Cardiovascular Therapy, Circulation, Journal of Clinical
Endocrinology and Metabolism, Circulation: Cardiovascular Imaging, European
Journal of Nuclear Medicine and Molecular Imaging, JACC: Cardiovascular
Imaging, Amyloid

Professional Service for Professional Organizations
Society of Nuclear Medicine and Molecular Imaging

2017
2015-2018

Scientific Program Comimittee, Sub-Chair, Cardiovascular Track
Society of Nuclear Medicine and Molecular Imaging (Cardiovascular Council) —
Board of Directors

American Society of Nuclear Cardiology

2017

2016

2015
2015-2017
2012

2011

2010

2010
2010-present

2010
2009-2010

American Society of Nuclear Cardiology Scientific Sessions Program Committee
—PET Program Committee
American Society of Nuclear Cardiology Scientific Sessions Program Committee
— Core Program Committee
American Society of Nuclear Cardiology Scientific Sessions Program Committee
ASNC2015 Research/Abstract Track Working Group (Chair)
American Society of Nuclear Cardiology Quality Steering Committee
American Society of Nuclear Cardiology Scientific Sessions 2012 Faculty
Session preceptor (Poster Session 1V: PET, CT and Hybrid Imaging)
Presenter; Patient-Centered Imaging Session
American Society of Nuclear Cardiology and American Heart Association
Scientific Programming Committee
American Society of Nuclear Cardiology Half-Dose Imaging Task Force
American Society of Nuclear Cardiology Patient Centered Imaging Task Force
American Society of Nuclear Cardiology Travel Awards Review Committee
(2010,2011,2012)
Nuclear Cardiology Knowledge Self-Assessment Program Review Faculty
ASNC Leadership Development Program

American Heart Associate:

2013-2016

American Heart Association Scientific Sessions Abstract Reviewer

Certification Board of Nuclear Cardiology

2016

2013

2013-2015

2013

Certification Board of Nuclear Cardiology — Lead for Imaging and Media
Working Group '

Exam Development Committee

CCCV] Statistics Dissemination Cross Division Task Force (CBNC
representative) -

Certification Board of Nuclear Cardiology — Board of Directors, At Large
Member

CBNC Exam Review Committee

American College of Cardiology
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2015 Connecticut Chapter of the American College of Cardiology — Education
Committee Member

University Service:
Medical School Committees

2014-2015 Boston University School of Medicine Committee on Admissions (MD/PhD)
2008-2010 Scientific Review Panel/Institutional Review Board

National Naval Medical Center Bethesda
2004-2007 Graduate Medical Education Advisory Committee

YNHH/Yale School of Medicine
Departmental Committees

2013 Department of Internal Medicine Laboratory Space and Use Committee, Boston
University School of Medicine

2011 Department of Medicine Review Committee, Graduate Program in Molecular
Medicine, Boston University School of Medicine

2010-2015 Boston Medical Center Cardiology Fellowship Applicant Review Committee

2010-2011 Boston Medical Center Internal Medicine Residency Applicant Review
Committee

2008-2010 Internal Medicine Residency Research Council
National Naval Medical Center Bethesda

2008-2010 Interdepartmental Collaborative Bethesda Research Group (ICEBERG)
NNMC Bethesda

Hospital Commiftees

2015-present YNHH Radiation Safety Committee
2016-present YNHH GME Committee

Bibliography:
Peer-Reviewed Original Research

1. Baron S, LiJ, Russell RR, Neumann D, Miller EJ, Tuerk R, Walliman T, Hurley R, Witters LA,
Young LH. Dual mechanisms regulating AMPK kinase action in the ischemic heart. Circulation
Research, 2005. 96(3): p. 337-45. PMID: 15653571

2. Li J, Miller EJ, Ninomiya-Tsuji J, Russell RR, Young LH. AMP-activated protein kinase
activates p38 mitogen-activated protein kinase by increasing recruitment of p38 MAPK to TABI
in the ischemic heart. Circulation Research. 2005, 97(9):872-9. Epub 2005 Sep 22. PMID:
16179588

3. LilJ, Coven DL, Miller EJ, Hu X, Young ME, Carling D, Sinusas AJ, Y(;ung LH. Activation of
AMPK o and y- Isoform Complexes in the Intact Ischemic Rat Heart. Am J Physiol Heart Circ
Physiol. Qct;291(4):H1927-34. Epub April 28, 2006, PMID: 16648173

4, Miller EJ, Li J. Sinusas K, Holman GD, Young LI Infusion of a biotinylated bis-glucose
photolabel: A new method to quantify cell-surface GLUT4 in the intact mouse heart. Am J
Physiol Endo. 2007. June;292(6):E1922-8. Epub 2007 Mar 6. PMID: 17341550
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. Miller EJ, Li J, Leng L, McDonald C, Atsumi, T, Bucala R, Young LH. Macrophage migration

inhibitory factor stimulates AMP-activated protein kinase in the ischemic heart. Nature. 2008.
Jan 31;451(7178): 578-82. PMID: 18235500

Amundson D, Dadekian G, Etienne M, Gleeson T, Hicks T, Killian D, Kratovil K, Lewis C,
Monsour M, Pasiuk B, Rhodes D, Miller EJ. Practicing Internal Medicine Onboard the USNS
COMFORT in the Aftermath of the Haitian Farthquake. Ann Intern Med. 2010 Jun
1;152(11):733-7. Epub 2010 Mar 2. PMID: 20197507

Kim AS, Miller EJ, Wright TM, Li I, Qi D, Atsina K, Zaha V, Sakamoto K, Young LH. A small
molecule AMPK activator protects the heart against ischemia-reperfusion injury. J Mol Cell
Cardiol. 2011 Jul;51(1):24-32. PMID: 21402077

Qin F, Siwik DA, Luptak I, Hou X, Wang L, Higuchi A, Weisbrod RM, Ouchi N, Tu VH,
Calamaras TD, Miller EJ, Verbeuren TJ, Walsh K, Cohen RA, Colucci WS. The Polyphenols
Resveratrol and S17834 prevent the Structural and Functional Sequelae of Diet-Induced
Metabolic Heart Disease in Mice. Circulation. 2012 Apr 10; 125(14):1757-64. PMID: 22388319

Urocortin 2 autocrine/paracrine and pharmacologic effects to activate AMP-activated protein
kinase in the heart. Li J1, Qi D, Cheng H, Hu X, Miller EJ, Wu X, Russell KS, Mikush N,
Zhang J, Xiao L, Sherwin RS, Young LH. PNAS. 2013 Oct 1;110(40):16133-8. PMID:
24043794

Tamminga C, Sedegah M, Maiolatesi S, Fedders C, Reyes S, Reyes A, Vasquez C, Alcorta Y,
Chuang I, Spring M, Kavanaugh M, Ganeshan H, Huang J, Belmonte M, Abot E, Belmonte A,
Banania J, Farcoq F, Murphy J, Komisar T, Richie NO, Bennett J, Limbach K, Patterson NB,
Bruder JT, Shi M, Miller E, Dutta S, Diggs C, Soisson LA, Hollingdale MR, Epstein JE, Richie
TL. Human adenovirus 5-vectored Plasmodium falciparum NMRC-M3V-Ad-PfCA vaccine
encoding CSP and AMAL is safe, well-tolerated and immunogenic but does not protect against
controlled human malaria infection. Hum Vacein Immunother. 2013 Oct;9(10):2165-77. doi:
10.4161/hv.24941. Epub 2013 Jun 4. PMID: 23899517

Berman JS, Govender P, Ruberb FL, Mazzini M, Miller EJ. Scadding Revisited: A Proposed
Staging System for Sarcoidosis Based on Advanced Imaging. Sarcoidosis Vasc Diffuse Lung
Dis. 2014, Apr 18,31(1):2-5. PMID 24751447

Ahmadian A, Brogan A, Berman JS, Sverdlov AL, Mercier G, Mazzini M, Govender P, Ruberg
RL, Miller EJ. Quantitative Interpretation of FDG PET/CT with Myocardial Perfusion Imaging
Increases the Diagnostic Information in the Evaluation of Cardiac Sarcoidosis. J Nue Card.
2014. May 31. PMID: 24879453 "

Dahmani R, Just PA, Delay A, Canal F, Finzi L, Prip-Buus C, Lambert M, Sujobert P, Buchet-
Poyau K, Miller E, Cavard C, Marmier S, Terris B, Billaud M, Perret C. A novel LKB1 isoform

enhances AMPK metabolic activity and displays oncogenic properties. Oncogene. 2014, Jul 7.
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Summary of Qualifications

Strategic leader with progressive Healthcare experience supporting major
acquisitions and high impact initiatives. Excellent reputation for building effective
relationships and producing results through a blend of strategic, operational and
customer focus.

Over 34 years as a critical care nurse with 9 years as direct caregiver ICU nurse,
15 years spent as a Patient Services Manager, 7 years as Director of Patient
Services and approximately 3 years as Service Line Executive Director.
Experienced executive leader responsible for two distinct service lines: Heart and
Vascular Center (HVC) and Transplantation Center.

Accomplished leader responsible for over 900 FTEs with annual budgets over
$148 million.

Professional Experience

Executive Director, Heart and Vascular Center and Transplantation Center
Yale New Haven Hospital, New Haven Conn.
December 2013 — Present

Responsible for executive leadership, as well as clinical and financial oversight
for one of the largest and most comprehensive heart and vascular programs in
New England. The Heart and Vascular service line encompasses two distinct
campuses; YSC and SRC. It includes 2 ICUs ( 38 beds) and 151 inpatient beds (
including 17 step down beds); 21 interventional laboratories ( Cardiac,
Interventional Radiology, Electrophysiology, Neuro intervention ); Imaging
services, inclusive of ECHO services and Cardiac Nuclear Medicine; Cardiac
Rehab services, Clinical Research department ( with 100+ active studies) and 12
ambulatory satellites. Budget responsibility encompasses over $149 million.

Responsible for the executive leadership, as well as clinical and financial
oversight of solid organ transplantation center. Center encompasses 4
transplantation programs of liver, kidney, pancreas, and heart. Budget oversight
includes $5.5 million for inpatient programs and 14.5 million for broad transplant
services with a total annual budget of over $20 million. Includes a 36 bed
Transplant inpatient unit; 3 outpatient transplant and infusion clinics.
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Director Patient Services, Heart and Vascular Center
Yale New Haven Hospital, New Haven Conn.
June 2008- 2013

o Responsible for executive leadership and clinical and financial oversight of 15
diverse HVC cost centers within the 1000 bed York street hospital campus. Arcas
include two ICUs, cardiac and cardiothoracic; two stepdown units, cardiac
medicine and cardio-vascular surgical; one cardiac telemetry unit; one 26 bed
observation unit; five cardiac cath labs and three electrophysiology labs; six
vascular and neuro interventional labs; nuclear cardiology areas; cardiac exercise
lab; ECHO labs; HVC recovery area ,PICC service; HVC procedural nursing ;
HVC Clinical Research department; and Yale Cardiology practice at Shoreline
and Branford, as well as Yale cardiac rehab in Branford .

¢ Responsible for full oversight and clinical integration of Heart and Vascular
services at St. Raphael’s campus with the 511 bed hospital acquisition on
September 12, 2012. HVC areas include two cardiac cath labs and two
electrophysiology labs; two interventional radiology labs; cardiac diagnostic
imaging unit; radiology procedural nursing; Take Heart cardiac rehab in New
Haven and Cardiac outpatient practices in West Haven and Hamden.

e Accountable for attaining high performance in all elements of four business
pillars: Quality/ safety, Provider of Choice; Employer of Choice; Financial

Director Patient Services, Medicine
Yale New Haven Hospital, New Haven Conn.
September 2006- June 2008

¢ Responsible for executive leadership and clinical and financial oversight of 13
cost centers. Areas include one cardiac ICU, two medical ICUs, one cardiac
telemetry floor, one cardiac stepdown floor, one pulmonary stepdown floor, 5
general medicine floors, PICC Service, ICU resource unit and diagnostic
radiology / cardiac nursing,.

e Accountable for attaining high performance in all elements of four business
pillars: Quality/ safety, Provider of Choice; Employer of Choice; Financial

Patient Services Manager of PICC Service
Yale New Haven Hospital, New Haven Conn.
June 1999- September 2006

e (Created bedside PICC insertion service. Service developed to meet both adult and
pediatric patient population needs. Coverage provided 7 days; operating 12 hour
days Monday-Friday, and 4 hours on-call weekends and holidays.




Responsible for consulting on approximately 2400 cases a year.

Patient Services Manager of DI Recovery Area
Yale New Haven Hospital, New Haven, Conn.
December 1998-September 2006

Oversaw site location and creation of 13 bed outpatient recovery area for
Diagnostic Imaging and Heart Center procedural patients.

Patient population includes cardiac cath, EPS, and cardiac biopsy patients.
Interventional radiology population includes oncology, renal, and vascular.
Neuro interventional patients are also cared for in this setting.

Patient Services Manager of Diagnostic Imaging
Yale New Haven Hospital, New Haven, Conn.
May 1995-September 2006

24 hour accountability for nursing practice and nursing staff in Diagnostic
Imaging

Patient populations include inpatients and outpatients of varying acuity levels and
with multiple diagnoses.

General nursing oversight of 10 principal interventional labs, including 4 cardiac
cath labs, 5 peripheral vascular/ neuro interventional labs, 1 electrophysiology
lab.

Primary nursing coverage for 5 MRI scanners with flexible staffing provided for
CT biopsies, bronchoscopies, ultrasound, and x-ray.

Accountable for personnel management, staffing, scheduling, clinical practice,
fiscal planning, quality improvement, environmental management, education,
orientation, and patient satisfaction.

Patient Services Manager Cardiac ICU
Yale New Haven Hospital, New Haven, Conn.
July 1991-September 2006

24 hour responsibility for the clinical, fiscal, and environmental management of a
14 bed cardiac intensive care unit.

Patient population includes patients with medical diagnosis of cardiogenic shock;
end stage cardiomyopathy; acute coronary syndrome; as well as patients with
unstable cardiac arrthythmias.

Accountable for interviewing, selecting, and professional development of
approximately 90 staff.
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Staff Nurse Cardiac ICU
Yale New Haven Hospital, New Haven, Conn.
July 1982-1991

e Primary nurse responsible for coordinating and implementing care of critically ill
patients.

e Preceptor Coordinator

e One of first Clinical Nurse IV recognitions and advancements.

Recent Committee Memberships

e HVC Executive Operations Committee
Senior Clinical Leadership Group
HVC Ambulatory Strategy Team
YNHHS system HVC Non-labor reduction Chair
Executive Cost & Value Non-Labor steering committee
Y-NH Transplantation Center QA/PI Executive Committee
Senior Operations Group
Advanced Heart Failure Multidisciplinary Committee
Transplant Operations Council
CT Operations Council
IR Operations Council
CV Operations Council
Off-shift team of Nurse Leaders and Executives ~ Nursing liaison
Recognition and Clinical Advancement Program  Administrative liaison
Chest Pain Center Steering committee
HVC and Transplant Patient Experience Forum Co-chair
HVC Quality/Safety Committee
Transplant Quality & Performance Improvement Committee
Joint I eadership Committee
Nurse Collaborative Governance: HVC cluster Administrative liaison
e Nursing Executive Committee
Nursing Cabinet
e Innovation Operating Steering Committee

Recent Special Projects
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Selected to participate in first Strategic Agility and Innovation Course, IFE and
YSM -2016

Restructuring of outpatient site locations (opening/closings) for optimum
coverage and best patient access 2016

Planning and oversight for an HVC integrated Cardiovascular Imaging system (
CVIS) initiated July 2014

Yale-New Haven Transplantation Center strategic plan development 2014
Development of Old Saybrook vascular procedure suite planned for January 2015
Acquisition of Norwich Cardiology Associates September 2014

Integration of 4 site Cardiology Associates of New Haven ( CANH) physician
practice sites 2013

Acquisition of HVC operations on St.Rapheal’s campus September 12, 2012
Oversight of Transitional Care Center on YPB2

Opened HVC joint venture Clinical Research department 2012

Opened 26 bed Observation Unit May 2011

Successful Oversight of Chest Pain Center accreditation process

Successful Oversight of TIC VAD Destination Therapy Accreditation

One of several authors on ST-Map ECG software research poster/ article

CON process, design and opening of a multitude of HVC procedural labs
Replacement and implementation of new EKG Tracemaster View System
Cardiac Nuclear design, construction and relocation to 2EP .

Provided operations support for shared services model of Guilford / Branford
programs

Professional Organizations/ Certifications

2014-present Certified Nurse Executive (CENP)

1987-present Certified Critical Care Nurse ( CCRN )

1985- present American Association of Critical Care Nurses ( AACN )
1992- present American Association of Critical Care Nurses/ South Central
Connecticut Chapter ( AACN / SCCC)

American Heart Association — Council of Cardiovascular Nursing

2006 —present Ametican Organization Nurse Executives ( AONE )
2006-present Organization of Nurse Executives, Conn. Chapter ( ONE-CT )

F.ducation

2002 Quinnipiac University, Hamden, Conn.
Masters in Health Administration with Distinction
1997 Quinnipiac University, Hamden, Conn.
Bachelors of Science in Nursing, Magna cum Laude
1982 Quinnipiac University, Hamden, Conn.
Associate Degree in Nurtsing, Cum Laude



Publications

Creating a 24/7 Model for Patient-Family-Centered Care. Nurse Leader Volume 13,
Issue 4, August 2015, Pages 5660, 73 Copyright 2015 by Elsevier Inc.
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AMERICAN SOCIETY OF NUCLEAR CARDIOLOGY
AND SOCIETY OF NUCLEAR MEDICINE JOINT
POSITION STATEMENT

Despite advancements in technologies, non-uniform soft tissue attenuation still affects the diagnostic accuracy of
single photon emission computed tomography (SPECT) myocardial perfusion imaging. A variety of indirect mea-
sures have been used to reduce the impact of attenuation, most notably electrocardiography-gated SPECT imaging.
However, all available techniques have limitations, making interpretation in the presence of attenuation difficult. The
ultimate solution, similar to positron emission tomography imaging, is to use hardware/software algorithms to elim-
inate attenuation and provide images that are more uniform and easier to interpret. Several attenuation correction solu-
lions are currently available and more will be available soon. The value of these solutions has been varied, particu-
larly with clinical applications. Guidelines and standards clearly are necessary.

In recognition of the importance of this issue, the American Society of Nuclear Cardiclogy and the Society of
Nuclear Medicine convened a joint task force to develop a position statement on attenuation correction, It is being
published concurrently in the Jourmnal of Nuclear Cardiology and The Journal of Nuclear Medicine, a first for these
societies.

The purpose of this position statement is to clarify the role of attenuation correction in SPECT procedures, to
provide guidelines for its clinical use, and to provide a basis for the evaluation of published validation. It is hoped
that this position statement will provide an important and useful road map to the widespread adoption of attenua-

tion correction into clinical practice.

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

The value and practice of attenuation correction for
myocardial perfusion SPECT imaging: A joint position
statement from the American Society of Nuclear
Cardiology and the Society of Nuclear Medicine

Robert C. Hendel, MD, James R. Corbett, MD, S. James Cullom, PhD,
E. Gordon DePuey, MD, Ernest V. Garcia, PhD, and Timothy M. Bateman, MD

PREAMBLE

The diagnostic accuracy of single photon emission
computed tomography (SPECT) myocardial perfusion
imaging is profoundly influenced by the presence of tis-
sue attenuation. Although interpretative education, expe-
rence, and the application of gated SPECT imaging have
had a favorable impact on the clinical value of radionu-
clide perfusion imaging, the nuclear cardiology commu-
nity has long-awaited correction techniques for photon
attenuation, The purposes of this statement are to review

Reprint requests: American Society of Nuclear Cardiology, 5111 Old
Georgetown Rd, Bethesda, MD 20814-1690,

J Nuel Cardiol 2002;9:135-43.

Copyright © 2002 by the American Society of Nuclear Cardinlogy.

1071-3581/2002/$35.00 + 0 43/1/120680

doi: 10,1067/ mnc.2002,1 20680

the recent developments in the ficld of attenuation cor-
rection, to define its clinical utility, and to delineate con-
temporary recommendations regarding attenuation cor-
rection techniques.

BACKGROUND

Soft tissue attenuation, Compton scatter, and depth-
dependent reduction of spatial resolution degrade
myocardial perfusion SPECT image quality, thereby
decreasing test sensitivity in the detection of coronary
artery disease. In addition, localized soft tissue attenua-
tion by the breasts, lateral chest wall, abdomen, and left
hemidiaphragm may create artifacts that mimic true per-
fusion abnormalities and thereby decrease test specificity.

Conventional SPECT imaging has used a variery of
techniques to minimize the impact of attenuation, includ-
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Figure 1. Commercial configurations for SPECT-based transmission imaging for cardiac attenuation-corrected
myocardial perfusion imaging: fan-beam (A), off-axis (B), scanning line source (C), and source array (D).

ing breast binding, prone imaging, and electrocardiogra-
phy-gated SPECT imaging. However, each technique is
an indirect solution and possesses specific limitations. For
example, normal regional wall motion on a gated SPECT
study after stress is not helpful in distinguishing artifact
from ischemia in the presence of a reversible perfusion
defect. Therefore gated SPECT and other methods fail to
provide a universal solution for attenuation artifacts.

The diagnostic accuracy of conventional SPECT is
also compromised by artifacts associated with localized
subdiaphragmatic tracer concentration in the abdominal
viscera, including the liver, stomach, and bowel. Such vis-
ceral activity that approximates the heart may scatter into
the adjacent left ventricular walls, resulting in artifactu-
ally increased associated count densities, Alternatively,
intense visceral tracer concentration may result in a ramp
filter (negative lobe) artifact, which results in decreased
count densities adjacent to “hot” objects,

TECHNIQUES

Several types of systems with transmission hardware
modifications and external sources have emerged fer

clinical implementation. They predominantly use gadolin-
jum 153 (100 keV) as the external source but may use
cobalt 57 (122 keV), barium 133 (360 keV), americium
241 (60 keV), and technetium 99m (140 keV). The main
configurations (Figure 1) are (1) fixed line source with
convergent collimation on a triple-detector system, (2)
scanning line sources with parallel-hole collimation on
dual 90° systems, (3) the multiple line source array
approach with parallel-hole collimation on 90° dual-detector
systems, (4) scanning point sources on dual- and triple-
detector systems, and (5) rotating X-ray (ube—based tech-
nology on dual-detector systems. Each system has unique
attribntes and limitations. The fixed line source with con-
vergent geometry provides highly efficient transmission
image acquisition that allows the use of comparatively low
source strength, The limited field of view of convergent
collimation can cause regions of the body to be outside of
the ficld of view for some projection images, leading to
truncation artifacts that may limit the accuracy of attenua-
tion correction, unless highly sophisticated iterative recon-
struction algorithms are used to minimize these effects,
The most widely implemented configuration for
commercial transmission acquisition ig the scanning line
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Figure 2. A, Exercise-rest Te-99m sestamibi SPECT study, suggestive of ischemia in the inferior, inferolateral, and
inferoseptal regions but cenfounded by the presence of possible subdiaphragmatie attenuation. B, After attenuation
carrection, the SPECT study demonstrates definite ischemia in the distribution of the right coronary artery.
Attenuation map samples and daily reference scans are shown for quality control.
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Figure 3. A, Exercise-rest Te-99m sestamibi SPECT study in a large man depicting a persistent reduction of activity in
the inferior and inferolateral regions of the left ventricle, suggestive of a prior infarction. B, Altenuation-corrected images
reveal normal perfusion in all regions. Attenuation map samples and daily reference scans are shown for quality control.
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Table 1. Diagnostic value of attenuation correction systems

Sensitivity (%) Specificity (%) Normalcy (%)
Author System n NC AC NC AC NC AC
Ficaro U Mich 119 78 84 48 82 88 o8
Hendel ADAC 200 76 78 44 50 aa o6
Links* SMV 112 84 88 69 a2 a9 92
Gersont Picker 113 85 20 NA NA 72 70
Gallowitsch Elscint 49 89 94 69 84 NA NA
Lenzot Siemens 171 93 93 84 88 78 85
Composite 764 81 85 64 81 80 B9

NC, Non-attenuation-corrected SPECT; AC, attenuation-corrected SPECT; NA, not available.

‘Includes motion correction and depth-dependent blur correction.
Hincludes scatter correction.

source geometry on 90° dual-detector SPECT systems.
This approach has collimated line sources that scan
mechanically across the field of view at each angle and
project onto the opposing detector, where an electronie
window moves opposite the source 10 accept transmis-
sion photons, These systems have a maximum field of
view, thereby minimizing the likelihood of patient trun-
cation. The electronic window provides maximal separa-
tion of the emission and transmission images. Scanning
hardware reguires careful monitoring because some sys-
tems are prone to mechanical instability.

The multiple line source array approach uses groups
of collimated line sources mounted on the ganiry oppo-
site the detectors for transmission image acquisition. This
method provides highly efficient measurement geometry
without the need for additional mechanical motion. The
phaton flux frem the collimated source arrays spans the
field of view of each opposing detector. The continuous
incidence of the transmission source photons over the
fields of view for both detectors with this geometry can
cause significant crosstalk from downscatter with thal-
lium 201 imaging requiring interleaved or sequential
emission-transmission imaging.

A system that uses a conventional x-ray tube and
detector mounted on a large—field-of-view SPECT gantry
has recently been introduced. The photon flux is very
high with this approach, yielding high-quality attenuation
maps. This system was developed largely for anatomic
registration with emission images for oncology studies
but ghould have application in attenuation correction of
cardiac images., A system that useés scanning point
sources of Ba-133 (360 keV) has recently become avail-
able. The point sources are collimated, but the holes of
the detectors are not aligned with the focal point of each
souree, The high-energy emissions from these sources

penetrate the low-energy collimators’ septa, forming the
transmission projections from which the attenuation map
is reconstructed.

CLINICAL TRIALS

One of the most encouraging methods was used by
Ficaro and colleagues, who reported the results of atten-
uation correction in phantoms and patient cohorts using a
3-detector system equipped with 2 parallel-hole collima-
tors for collection of emission data and a third detector
with a fan-beam collimator to acquire the transmission
data from an Am-241 line source. They demonstrated sig-
nificant improvement in diagnostic accuracy in 60
patients with T¢c-99m sestamibi SPECT imaging, with a
marked improvement in specificity (from 48% to 82%)
(Table 1). Similarly, in a group of 59 patients with a low
likelihood of coronary artery disease, an increase in the
normaley rate from 88% to 98% was demonstrated.
Although the increase in test sensitivity was not statisti-
cally significant, there were significant increases in sen-
sitivity for individual vessels overall (63% vs 78%) and
in 2 of 3 vascular territories.

The method used in the above trial was subsequently
compared in 171 patients with the commercially available
technique that uses the multiple line source array method
for acquiring the transmission maps (Profile, Siemens).
Profile attenuation correction demonstrated improved
diagnostic specificity by patient, as well as sensitivity and
accuracy for individual coronary arteries. Altenuation cor-
rection also demonstrated statistically significant increases
in normalcy rates. The overall sensitivity by patient was
gimilar with hoth the corrected and uncorrected images.

The first prospective multicenter trial was performed
by Hendel et al using a commercially available 90° dual-
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Table 2. Clinical value of attenuation correction

Confirmed Potential

Improved artifact recognition  Increased sensitivity

Higher spedificity Improved recognition of
MVD and LM

Higher normalcy rates Enhanced prognostic
value

Increased reader confidence
Acute-use applications

Stress-only imaging
Absolute flow quantitation

MVD, Nultivessel coronary disease; LV, left main coronary disease.

detector system with a scanming Gd-153 line source
{Vantage, ADAC Lahoratories). The diagnostic sensitiv-
ity (n = 96) for the detection of 50% or greater stenoses
was similar with the use of uncorrected perfusion data or
attenuation- and scatter-correcled data, The normaley
rate (n = 88), however, was significantly improved (86%
vs 96%, respectively), and false-positive perfusion
images were reduced by more than 4-fold (from 14% to
4%). Furthermore, observer confidence for the presence
or absence of image normalcy was increased, as reflected
in the visual diagnostic scores. Regional differences were
noted with reduced sensitivity but improved specificity
for right coronary lesions through use of attenuation-
scatter correction methods. However, the ability to detect
multivessel disease was reduced with attenuation-scatter
correction, which may have important prognostic impli-
cations.

Gallowitsch et al studied 107 patients with known or
suspected coronary artery disease with T1-201 imaging
using another dual-detector system equipped with a scan-
ning Gd-153 line source and an iterative Chang recon-
struction algorithm (Transact, Elscint). There were no
significant improvements in diagnostic accuracy noted in
this trial, although specificity was somewhat improved
with attenuation correction, from 69% for non—attenua-
tion-cortected SPECT to 84% for attenuation-correcied
SPECT (P = not significant).

Another mulficenter trial was recently completed by
Links et al using a similar syster:(TAC/Restore, SMV),
in which the transmission data were acquired with a scan-
ning Gd-153 source for Te-99m cmissions and & Tc-99m
transmission source for TI-201 emission imaging. The
imaging algorithm incorporated a motion correction
algorithm along with attenuation correction and depth-
dependent resolution compensation. These investigators
demonstrated significant gains in overall specificity
(from 69% to 92%; P = .002) and in all 3 cotonary terri-
tories. In addition, narmaley increased from 74% to 91%
(P = .04) with combined attenuation, motion, and blur
correction, and test sensitivity demonstrated a slight but
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Table 3. Quality contrel methods for attenuation
correction

Ensure adequate count density
Recognition of truncation
Appropriate gating

Correct photopeal windowing
Recognition of patient motion
Transmission scan uniformity

insignificant increase from 84% to 88% (P = not signifi-
cant).

Additional clinical trials are under way that are using
second-generation systems (Vantage Pro, ADAC Labo-
ratories), as well as new approaches for transmission map
generation including the translucent collimator with
high-energy photons (Ba-133) (Beacon, Marconi)
deseribed earlier. Hybrid systems, such as those that use
x-ray computed tomography—generated transmission
maps, may provide high-quality (rangmission maps as a
result of the high count density and spatial resolution that
these systems provide (Hawkeye, GE Medical Systems).

The impact of attenuation correction on the detection
of coranary artery disease within a specific vascular ter-
ritory is variable (Figures 2 and 3). Several studies have
shown a substantial improvement in specificity for right
caronary artery disease, but occasionally with a loss of
sensitivity in either right coronary artery or left anterior
descending coronary artery distribution. The promise of
cnhanced sensitivity is yet to be realized clinically,
although a recent phantom study demonstrated that
defect detection is improved with attenuation correction.
In addition, some trials have demonstrated that attenua-
tion correction enables improved recognition of multi-
vessel and Jeft main disease. Complete and accurate cor-
rection for attenuation and scatter would be a major step
toward the long-held promise of absolute perfusion quan-
tification and the enhanced diagnostic accuracy it would
afford, especially in the setting of “balanced™ 3-vessel
disease.

Quantitative analysis programs specific for each cam-
era system and radiopharmaceutical are limited but are
under active development. [t is anticipated that quantitative
reference (normal) databases will be available for each
manufacturer’s system. Ideally, these databases obrained
from healthy subjects should be gender-independent,
assuming total correction for atteruation.

Attennation correction may have substantial value for
specific applications beyond the detection of coronary
artery disease (Table 2). Preliminary data teveal superior
diagnostic performance in the triage of emergency depart-
ment patients with chest pain. Attenuation-corrected
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SPECT images have demonstrated the ability to better
detect areas of viable myocardium, correlate better with
positron emission tomography imaging, and provide
improved prediction of functional recovery after revascu-
larization. Attenuation correction also possesses the
potential to further improve the prognostic value of
myocardial perfusion imaging, as patients with soft tissue
attenuation artifacts may be more accurately categorized
as being at low risk for cardiac events. The use of atten-
uation and scatter correction techniques may be espe-
cially valuable for less-experienced interpreters of
myocardial perfusion studies, with improvements in both
sensitivity and overall diagnostic accuracy demonstrated
in some studies for this group of interpreters.

QUALITY CONTROL

Expetience with SPECT myocardial perfusion data
processed with filtered backprojection has led to wide-
spread appreciation of the importance of quality control
measures. Attenuation correction introduces a number of
additional quality issues that, if not addressed systemati-
cally and satisfactorily, will translate into suboptimal and
in some cases clinically misleading image data (Table 3),
Over the past several years, it has become increasingly
apparent that accurafe attenuation correction is depen-
dent upon high-quality transmission images, and to
ensure aceuracy, appropriate quality control measures
have been developed. In particular, count densities must
be sufficient to overcome the intrinsic inconsistencies of
scans with poor signal-fo-noise ratios. Other important
quality control issues related to the creation of transmis-
sion maps include body truncation, patient motion, scal-
ing of attenuation coefficients to the correct tissue densi-
ties, accurate registration of attenuation maps and
emission data, and gating artifacts unique to aftenuation
correction processing, especially with scanning transmis-
sion source systems. Objective measurements of these
technical factors are crucial to the accuracy of attenuation
correction. Automated quality control procedures should
be provided by each vendor and routinely used.

Correctzwindowing of relevant photopeals for atten-
nation-corrected SPECT imaging is also essential.
Besides the encrgy window of the main emission photon,
additional windows are required for transmission data
and for scatter and crosstalk measurements; scatter and
crossialk between transmission and emission photepeaks
significanily degrade the quality of the attenuation map.

Reference transmission scans should be performed
daily to ensure optimal equipment performance and
should include quantitative analysis. In addition, each
manufacturer should provide automatic safeguards to
ensure that the transmission and emission data are recon-
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structed properly. Finally, education of technologists,
physicists, and interpreting physicians is an essential
component of the quality assurance process.

Therefore quality control should include each of the
following for the performance of attenuation correction:
criteria for uniformity, variability, and temporal diift of
the reference transmission scan; consistency of hardware
performance; pre-scanning methods to ensure sufficient
transmission scan counts; and algorithms that assist the
operator and interpreting physician in assessing the suffi-
ciency of the data. Although these tools are essential to
all commercial methods of attenuation cotrection, imple-
mentation of many of the aforementioned quality control
technigques has not been incorporated in the current
releases of all available attenuation correction protocols.
Furthermore, quality control of transmission data and
attenuation-corrected reconstructed images should be
performed for each patient,

SCATTER CORRECTION AND
DEPTH-DEPENDENT RESOLUTION

Attenuation-corrected images, although usually of
higher diagnostic quality than uncorrected images, need
to be corrected for scattered photons coming from activ-
ity in structures mear the heait, such as the liver and
intestines. These scatter photons may result in regional
overcorrection following attenuation correction tech-
niques. The planar transmission images also must be
corrected for scatter into the energy window of (he
trausmission source because [ailure to perform scatter
correction may result in undercorrection for attenuation.

Simultaneous cmission-transmission acquisition
mefhods must address crosstalk from downscattering of
photons from the emission or transmission photopeaks
(whichever is higher). Crosstalk minimization is accom-
plished through the geometric design of the transmission
sources and detectors and consideration of the position of
the patient and possible scattering angles. Software meth-
ods applied after image acquisition may be used to cor-
rect for crosstalk with data collected in additional energy
windows. In order to perform attenvation, scatter, and
crosstalk correction, 3 or 4 independent energy windows
for data must be collected: one window for the emission
information (perfusion photopeak energy); a second win-
dow for transmission data (photopeak of transmission
source); a third window for scatter, positioned between
the other windows; and in some systems, a fourth win-
dow, slightly above the emission window, used in con-
junction with the third window to estimate scatter.

In addition to correcling for attenuation, some meth-
ods correct for photopeak scatter and the variable dis-
tance-dependent spatial resolution from the collimator,
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These are primarily software implementations that use
additional “seatter” information acquired simultaneously
with the emission data, models of the distance-dependent
collimator effects, and knowledge of the orbital position
of the delectors. Seatter compensation may be performed
by mapping photons back to their point of origin;
although promoting less noise propagation, this approach
may require substantial computation time.

Image degradation is related to increasing cross-
sectional area detected by each collimator hole with dis-
tance (depth) from a radioactive source, thereby creating
a loss of resolution with increasing object distance away
from. the collimator. The use of iterative correction algo-
vithms may be applied for Compton scatter, photon
attenuation, and depth-dependent resolution (o achieve
higher caontrast between perfusion defects and more uni-
formly distributed counts within normal myocardium.
One commonly employed method fer such compensa-
tion is the use of collimator- and energy-dependent pre-
processing filters.

CONCLUSION

Attenuation correction SPECT techniques represent
a significant advance in myocardial perfusion imaging
and hold great promise for improved assessment of car-
diac patients. Substantial technical advances have been
made in the past several years, including the recognition
of the importance of effective guality control and the con-
tinued development of scatter correction and resolution
compensation, Advanced SPECT perfusion imaging sys-
tems, including features such as attenuation correction,
must undergo complete system characterization, devel-
opment of normal activity distribution profiles, and defi-
nition of diffsrences among varions manufacturers’ solu-
tions. Finally, quantitative analysis programs adapted for
each camera system and radiopharmaceutical are limited
but are under active development. Ideally, reference data-
bases from healthy subjects should be gender-independent
after total correction for attenuation.

Clinical validation has been performed for several
but not all commercially available systems, although
“complete” correction still does not eccur in all patients.
The true value of these methods to improve diagnostic
accuracy compared with other techniques has yet to be
fully defined. Attenuation correction methods offer the
potential for improved diagnostic accuracy but require a
modified approach to image interpretation accounting for
the effects of these methods on the resultant images.
Technologist and physician education in the details of
these advanced imaging techniques, along with effective
quantitative tools and improved processing algorithms,
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will continue to advance the value and acceptance of
attenuation-corrected SPECT imaging.

RECOMMENDATIONS

On the basis of the available clinical evidence and
the rapid development of altenuation correction technol-
ogy, it is recommended that providers (institutions and
practitioners) consider the addition of hardware and soft-
ware that have undergone clinical validation and include
appropriate quality control tools to perform non-uniform
attenuation correction. Currently, it is suggested that both
noncorrected and corrected image sets be reviewed and
integrated into the final report. However, as the reader
gains the appropriate experience and confidence in cor-
rection methodology, enly the corrected images may be
necessary, as is the standard in positron emission tomog-
raphy. On the basis of current information and the rate of
technology impravement, the Society of Nuclear Medicine
and the American Sociely of Nuclear Cardiclogy helieve
that attenuation correction should be regarded as a rapidly
evolving standard for SPECT myocardial perfusion
imaging. Therefore it is our recommendation that the
adjunctive technique of attenuation correction has
become a method for which the weight of evidence and
opinion is in favor of its usefulness.
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APPENDIX
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Nuclear Cardiology and the Society of Nuclear Medicine
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the belief that it provides balanced and objective informa-
tion on the value of attenuation correction for myocardial
perfusion SPECT imaging. However, to ensure that the
most reeent information and diverse perspectives on atten-
uation correction were included in this statement, individ-
uals with potential conflicts of interest participated in the
development of this document. The following contribut-
ing authors have provided declarations of potential con-
flicts of interest as listed and have excluded themselves
from the final position statement review and approval
process: Timothy M. Bateman, MD, stock ownership
(Cardiovascular Consultants Imaging Technologies, Inc)
and research grants (ADAC Laboratories, Inc, and Dupont
Pharmaceuticals), and 8. JTames Cullom, PhD, and Ernest
V. Garcia, PhD, royalties from the sale of ExSPECT TT
software (ADAC Laboratories, Inc).
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FOREWORD

Interest in multimodality imaging shows no sign of subsiding. New tracers are spreading out
the spectrum of clinical applications and innovative technological solutions are preparing the
way for yet more modality marriages: hybrid imaging,

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

SPECT/CT has proven to be valuable in oncology. For example, in the case of a patient with
metastatic thyroid cancer, neither SPECT nor CT alone could identify the site of malignancy.
SPECT/CT, a hybrid image, precisely identified where the surgeon should operate.

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

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

This report presents an overview of clinical applications of SPECT/CT and a relevant source
of information for nuclear medicine physicians, radiologists and clinical practitioners. This
information may also be useful for decision making when allocating resources dedicated to
the health care system, a critical issue that is especially important for the development of
nuclear medicine in developing countries. In this regard, the JAEA may be heavily involved
in the promotion of programmes aimed at the IAEA’s coordinated research projects and
Technical Cooperation projects.

The IAEA wishes to express its thanks to all experts who have contributed to this publication.
The IAEA officer responsible for this publication was N. Watanabe of the Division of Human
Health.
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The use of particular designations of couniries or territories does not imply any judgement by the
publisher, the IAEA, as to the legal status of such countries or ferritories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered) does
not imply any intention to infiinge proprietary rights, nor should it be construed as an endorsement
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1. INTRODUCTION

During the past several years there has been growing utilization of PET/CT, based on the fact
that functional and morphologic correlative images produced by this methodology improve
diagnostic accuracy. Similar progress is now being reported for SPECT/CT, a modality which
is rapidly evolving from a somewhat under-utilized technical option to gain an acknowledged
status for optimizing the diagnostic capabilities of single photon imaging, with potential
impact on patient management.

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

By precisely localizing areas of abnormal and/or physiological tracer uptake, SPECT/CT
improves sensitivity and specificity, but can also aid in achieving accurate dosimetric
estimates as well as in guiding interventional procedures or in better defining the target
volume for external beam radiation therapy.

Gamma camera imaging with single photon emitting radiotracers represents the majority of
procedures in a routine nuclear medicine practice. Many of these examinations are tumour or
cardiac imaging studies. The development of better instruments, newer computer based
procedures for image analysis and display, new Pmpe labelled agents for visualizing
biologically significant events (such as cellular growth, hypoxia, angiogenesis, apoptosis)
may enhance the futwre value of SPECT/CT in terms of both clinical impact on patient care
and cost effectiveness, as compared to PET/CT.

Diagnosis and characterization of disease by CT imaging is based on morphologic criteria
such as size, texture and tissue attenuation. C'T provides information regarding changes in
organ size and tissue density, as well as their precise spatial localization and topographic
landmarks. However, structural data do not necessarily correlate with the metabolic status of
disease. On the other hand, nuclear medicine imaging is based on the bio-distribution of a
radioactive agent over time and space, thus visualizing dynamic physiological and
pathophysiological processes that define the functional characteristics of disease.
Furthermore, whole body assessment is possible with a single radiation exposure, as the
ionizing agent is administered to patients rather than being delivered from an extemal source
to each region of the body to be evaluated, as performed with radiologic imaging (e.g.
conventional X tay or C'T). However, scintigraphic images lack accurate anatomic landmarks
for precise localization and characterization of findings, in spite of the fact that specific
radiopharmaceuticals are used for assessment and diagnosis of specific disease processes. The
above mentioned considerations explain why morphologic and functional imaging modalities
are complementary and not competing techniques, especially if precise image registration is
made possible by using a single imaging unit combining the emission based data (SPECT)
with the transmission based data (CT, which also serve to correct the emission data for tissue
attenuation). Image registration is the process of determining the geometric relationship
between multimodality imaging studies, in order to use information provided by one test in
the context of the other modality.
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2. OVERVIEW OF SPECT/CT TECHNOLOGY
2.1. Update on SPECT/CT installations worldwide

While image fusion techniques have been in clinical use for many years, the first commercial
SPECT/CT system was only introduced in 1999. This system combined a low-power X ray
tube with separate gamma and X ray detectors mounted on the same slip ring gantry. The X
ray system operated at 140kV with a tube current of only 2.5 mA. This resulted in a
significantly lower patient dose than that received during a conventional CT imaging
procedure (by a factor of 4-5), but the quality of the CT images was inferior to state of the art
CT. Nevertheless, the fan beam formed by the X ray tube on the detectors allowed the
measurement of patient attenuation along discrete paths providing significantly higher quality
attenuation maps than those available with conventional G4 scanning lines sources [1, 2].

This system has recently been equipped with a 4 slice low-dose CT scanner yielding an axial
slice thickness of 5 mm with each rotation instead of one 10 mm slice. This tool retains the
very compact design of the previous system, delivers a low radiation dose to the patient and
requires minimal room shielding [2, 3]. Over the last 2-3 years there has been a large
expansion of SPECT/CT technology worldwide and, as at June 2007, there are approximately
600 of these installations around the world and over 200 across the United States. The
relatively large distribution of these SPECT/CT systems equipped with a low definition CT
tube versus those equipped with high definition, standard diagnostic CT tubes (see below) can
be explained by two main factors: 1) this is the first SPECT/CT system made commercially
available, and 2) the overall cost of these tomographs (equipped with a low definition CT
component) is considerably lower than that of tomographs equipped with a CT component
having full diagnostic capabilities.

In this regard, following the commercial success of PET/CT systems that employ multi-slice
CI" scanners, there has been growing interest in the development of comparable SPECT/CT
systems. Thus, in an effort to further improve imaging quality and reduce acquisition time,
new hybrid systems employing state of the art spiral CT scanners have been developed. These
systems combine dual-head gamma cameras with full diagnostic, up to 16 slice CT scanners
that allow variation of CT slice thickness from 0.6 mm up to 10 mm, yielding diagnostic
quality CT images with a scan speed shorter than 30 s for a 40 cm axial field of view [2, 3].
However, because of the addition of a separate CT gantry, these systems are considerably
larger than conventional SPECT systems and have very different setting and shielding
requirements compared with the system equipped with the low definition CT tube. Since their
introduction in the market, over 210 such units have been installed worldwide.

Access to hybrid systems is limited in several countries due to their high cost, SPECT/CT
systems based on combining a ‘gantry-free’ commercial SPECT system with a single- or
multiple-slice CT scanner have recently been developed [4. 5]. In the future, further cost
teduction and technological improvement are desirable in order to encourage a larger
diffusion of such devices worldwide.

2.2. General architecture of SPECT/CT devices

SPECT/CT systems have the same SPECT component as conventional nuclear medicine
systems, the dual-head gamma cameras are generally used for planar and tomographic
inaging of single photon emitting radiotracers. As mentioned above, the CT component of
the first-generation hybrid devices used a low resolution CT detector while recently
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developed, second-generation SPECT/CT systems incorporate a variety of multi-slice CT
scanners. SPECT/CT systems include separate CT and gamma camera devices using common
or adjacent mechanical gantiies, and sharing the same scanning table. Integration of SPECT
and X ray imaging data is performed by a process that is similar to that of PET/CT.

X ray scatter can reach and possibly damage the SPECT detectors designed for radionuclide
fow count rate imaging. Therefore, in a hybrid system the SPECT detectors are off-set in the
axial direction from the plane of the X ray source and detector. In a hybrid system both
detectors have to be able to rotate and position accurately for tomographic imaging. In this
regard, accuracy of translation and angular motion differs from one imaging system 1o
another. While CT requires the highest accuracy, SPECT (with a lower spatial tesolution) can
perform clinical images with a motion accuracy of slightly less than one millimetre.

SPECT/CT systems using a low-dose single- or multi-slice CT have both the SPECT and the
CT detectors mounted on the same rotating platform. Imaging is performed while the
detectors are rotating sequentially around the patient. While this concept has the advantage of
using the gantry of a conventional gamma camera for both imaging modalities, it limits the
totational speed of the SPECT/CT option to approximately 20 seconds per rotation. In
SPECT/CT systems incorporating diagnostic CT scanners, the gamma camera detectors are
mounted on a different platform, separated from the high speed rotating CT device (0.25 to
0.5 s per revolution). This design increases the performance of the CT subsystem, but it also
increases the complexity of the gantry and the cost of the technology.

Dual modality imaging requires longer stretchers than single modality imaging devices. While
built to support patients weighing up to 500 pounds, these scanning tables, extended to
accommodate the needs of both components (SPECT and CT), deflect to some degtee while
loaded with normal adult patients. The extension and degree of deflection of the table can
introduce a patient-dependent mis-registration between CT and SPECT data. One solution to
this problem is the design of a table supported on its base at the front of the scammer as well as
at the far end of the X ray system, thus minimizing the table deflection. Another solution is to
use atable fixed on a base, moving on the floor to intreduce the patient into the scanner.

The workstation of the SPECT/CT device is responsible for system control, data acquisition,
image reconstruction and display, as well as data processing and analysis. CT data are
calibrated in order to obtain attenuation cotrection maps for the SPECT images. SPECT and
(T images are displayed on the same screen in addition to the fused images, which represent
the overlay of a coloured SPECT over a grey-scale CT image. A 3-D display with
triangulation options allows to locate lesions and sites of interest on the CT image and to
redisplay them on the registered SPECT and fused SPECT/CT images.

2.3. SPECT/CT acquisition protocols

Acquisition on SPECT/CT systems is performed in a sequential mode. With devices that have
a low-dose CT component, data are typically acquired by rotating the X ray detector 220°
around the patient, with the X ray tube operated at 140kV and 2.5 mA. The CT images
obtained have an in-plane spatial resolution of 2.5 mm, and of 10 mm in the axial direction.
Scan ime is approximately 16 s per slice, for a total study duration of 10 min for the CT.
SPECT/CT systems using a diagnostic CT component are characterized by higher spatial
resolution and faster scanning time (approximately 30 s for the whole field of view),
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associated however with higher radiation doses. An attenuation map is created at the end of
the CT acquisition time.

The SPECT component is represented by a rotating, dual-head, variable angle sodium-iodide
scintillation camera. The detectors can be placed either in a 180° or a 90° position. Regardless
of the type of SPECT/CT that is used, SPECT acquisition currently requires a routine
scanning time of approximately 2030 min, depending on the radiotracer, as for stand-alone
SPECT acquisition protocols. SPECT is reconstructed using iterative methods incorporating
photon attenuation correction based on the X ray transmission map and scatter correction.

Since X ray and radionuclide data ave not acquired simultancously, SPECT images are not
contaminated by scatter radiation generated during the X ray image acquisition. Also, since
the patient is not removed from the table, both imaging components are acquired with a
consistent and identical patient position, allowing accurate image registration if we assume
that the patient has not moved during the entire duration of the SPECT/CT study. CT is
usnally acquired in matrices of 512 x 512 with the newest CT scamers, or 256 x 256 in older
scanners, and has to be resized into slices with the same pixel format and slice width as
SPECT. Spatial registration of the CT and SPECT acquisitions is important since
misalignment of the attenuation map relative to corresponding radionuelide images can cause
‘edge artefacts’, bright and dark ‘rims’ acioss edges of these regions.

SPECT/CT image mis-registration or blurring may oceur, mainly due to patient movement as
well as respiration, cardiac motion, and petistalsis. Differences in urinary bladder filling can
lead to erroneous co-registration between SPECT and CT acquisitions. With SPECT/CT
devices equipped with low-dose X ray tubes, CT is performed during shallow breathing to
facilitate image registration. However, the longer acquisition time increases the chances for
patient otion, With hybrid devices equipped with multi-slice CT, anatomic imaging is
acquired following breath-hold, during tidal breathing, or during a short part of the respiratory
cyele, whereas SPECT data are acquired over several minutes. This again can lead to mis-
registration. In addition to faulty localization, non-registered attenuation maps can lead to
under- or overestimation of radionuclide uptake.

The presence of contrast media in the CT images acquired as part of the SPECT/CT study
complicates the attenuation correction process. Also, high concentrations of mtra-venous
contrast material captured during the CT acquisition may have redistributed by the time the
SPECT acquisition is performed. Image segmentation techniques separating different areas
inside the inages may solve this problem, or alternatively, a very low powered non-contrast
CT can be performed prior to the SPECT for attenuation correction, followed by the confrast
CT study as the last step.

2.4. Technical staffing for SPECT/CT

A major asset for proper implementation of novel SPECT/CT procedures is the technologist.
It is important to take the time to train and educate the technologists so that they can deliver
an end product of the highest quality. While it is preferable for technologists to have their
work product direetly checked by the interpreting physician before the patient leaves the
department, in some outpatient settings technologists must make their own decision, and
therefore they need to be well trained and using robust and reproducible protocols. The new
seneration technologists therefore have to be trained in nuclear medicine and CT, 1o have
experience in reviewing seans and to be able to identify artefacts oceurring during acquisition
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of studies. Instructing the technologists about pertinent history questions and designing a
template to be filled out for each patient will ensure that all of the clinical information to
further assist in the reading of the images is available. Training requirements for CT and
SPECT technologists differ in various countries. Under ideal circumstances a technologist
should be fully trained, experienced and certified in both nuclear and X ray/CT technologies.

3. GENERAL NUCLEAR MEDICINE SPECT/CT PROCEDURES

The SPECT component of the SPECT/CT procedure is performed using the acquisition
protocols routinely employed for the dual-head gamma camera. This device is equipped with
collimators adequate for the specific radioisotope in use, such as low energy, high resolution
parallel hole collimators for 9. or medium energy collimators for *’Ga, 'M'In or e
Imaging is typically performed with the detectors facing each other at 180°, typically
acquiting 120 projections over a 360° orbit and using a time per projection 0f40-50 s. A 64 x
64 matrix is commonly employed for the low count isotopes, while the higher resolution 128
% 128 matrix can be applied for the higher count rates typically generated by e,

CT images are obtained immediately following the SPECT acquisition. For the low-dose CT
devices the acquisition parameters include settings at 140 kV, 1-2.5 mA, 13 s/slice, 256 x 256
image matrix, 5 mm slice thickness and slice spacing. For diagnostic CT acquisitions the
settings are 140kV, 80mA, 1s/slice, 512 x 512 image matrix, 48 cm reconstruction
diameter, 5 mm slice thickness and slice spacing. Skeletal CTs of diagnostic quality can be
performed at lower mAs products to reduce the radiation exposure of the patient. A variety of
other settings are possible depending on the specific diagnostic question asked of the CT
scanner. These include, in particular, protocols to perform low powered CT with the multi-
detector scanners, €.g. when a CT of diagnostic quality is already available or high powered
CT is not deemed necessary for the particular question under study. Some strategies restrict
the CT field of view to the regions exhibiting SPECT abnormalities, thus reducing the
radiation dose delivered to the patient even further [6]. Data are reconstructed using filtered
back-projection sofiware and filters provided by the manufacturer.

Co-registered CT and SPECT are acquired by translating the patient from one detector to the
other while the patient remains lying on the same table. This allows the CT and radionuclide
images to be acquired with a consistent scanner geometry and body habitus, and with a
minimal delay between the two acquisitions.

3.1. B'-Yodide SPECT/CT in thyroid cancer

Well differentiated thyroid cancer has an incidence of approximately 1:10 000 [7]. Its
standard treatment includes total thyroidectomy and therapy with Bl jodide [8, 9]. With this
combined approach, overall 5 year survival rates exceed 95%. However, the long term
prognosis is worse for patients who present with locally advanced tumours or distant
metastages at diagnosis, as well as in case of dedifferentiated neoplasms (because of their
reduced iodine-trapping propetty) [10]. This subgroup accounts for approximately 20% of
patients with well differentiated thyroid carcinomas and deserves special attention on follow-
up.

The therapeutic effect of 'l is provided by its beta-emission. In addition, this iscuto]ge of
iodine emits 364 keV gamma rays that can be detected by gamma cameras, Therefore, 1is
also used as a diagnostic agent since most, but not all metastases of thyroid carcinoma have
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retained the normal thyroid parenchyma’s ability to accumulate iodine. The bio-distribution of
BI {5 usually sufficiently defined by planar scintigraphy. SPECT is only rarely used for this
purpose, as the image quality of BILSPECT is hampered by the high energy of the gamma
radiation emitted by this radionuclide.

511 is only poorly concentrated by most extrathyroidal tissues. The salivary glands, stomach,
intestines, and urinary bladder are the most notable exception to this rule. Thus, gamma
camera images of "*'1 distribution in the human body lack anatomical detail, because no clear
reference landmarks can be recognized. This renders localization of radioiodine foci difficult,
if not impossible at times, and may constitute a problem in those patients in whom surgical
removal of metastases is indicated.

lodine-avid metastases can be small. Furthermore, they may occur in regions exhibiting
distorted anatomy due to previous surgery. Their localization using CT or MRI may therefore
also not be possible. SPECT/CT co-registration certainly is an elegant method of localization
(Fig. 1), although the evidence to this effect is still scarce. Papillary and, albeit to a lesser
extent, follicular thyroid carcinomas metastasize frequently to the cervical and mediastinal
Iymph nodes. Therefore, dissection of the central cervical lymph nodes is, in many cases, part
of the initial surgical procedure [11]. Despite a theoretically total thyroidectomy, a variable
amount of normal thyroid parenchyma persists within the patient. This provides the rationale
for postoperative radioiodine therapy for ablation of thyroid remnants. On the post-therapeutic
radioiodine scans, the high activity contained in this parenchymal residue may hamper
cervical N staging in many cases. With SPECT/CT, this problem may be overcome (Fig. 2).
Preliminary data using SPECT/CT indicate that approximately one fourth of patients may
actually harbour cervical lymph node metastases at the time of radioiodine ablation, the
majority of which elude detection by planar imaging [12]. Clearly, further longitudinal studies
are needed to define the possible clinical impact of this previously unavailable early
inforination on cervical lymph node involvement.

(A) (B)

FIG. 1. (4} The planar B L iodide scan in a 16 year old patient with thyroid cancer discloses an
iodine-avid focus (arrow). The patient had had three surgical procedures (including total
thyroidectomy) and 37 GBg of 'L, so that this focus indicates the presence of a firther lymph node
metqstasis. Considering scarving from prior suigeries, exact localization of this lesion is an essential
requisite for its surgical vesection. This anatomic information can only be achieved by SPECT/CT (B).
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(A) (B)

FIG. 2. (4) The planai scan post-radioiodine ablation of thyroid remnants shows radiviodine-avid
tissue in the neck of a patient afier total thyroidectomy, without the possibility of discriminating |
uptake in remnant normal thyroid parenchyma from possible lymph node metastasis. (B) SPECT/CT
demonstrates two cervical lymph nodes in this patient (arrows) that cannot be differentiated from
benign remmant tissue in the planar scan.

Although s uptake is quite specific for tissue originating from the thyroid gland, the list of
false—positive findings on planar whole body scans is quite long [13]. Only in rare mstances,
false—positive findings are accounted for by 'l uptake in cancers of non-thyroid origin, such
as small-cell bronchial carcinomas. Persisting thymic tissue has been deseribed to concentrate
radioiodine and may be the benign correlate of mediastinal **'I accumulation frequently seen
in children and young adults. In addition, many false—positive scaus are caused by structural
abnormalities of organs physiologically excreting radiciodine, or by contaminations of the
skin. All such false—positive findings reduce specificity of the scan.

Clearly, "'I uptake in metastases may be mistaken for physiological uptake if it is seen in
regions where this usually oceurs, thus lowering the sensitivity of ™'l scintigraphy. However,
probably due to the lack of a reliable gold standard, evidence on sensitivity and specificity of
radioiodine scanning is scarce. Furthermore, the recent introduction of ulira-sensitive assays
for serum thyroglobulin (a marker of persistent/recurent disease after surgery and radioiodine
ablation of thyroid remnants) is somewhat changing the approach to the follow-up of these
patients, especially in the low-risk group [14-18]. Nevertheless, by offering the possibility to
precisely localize B[ uptake, SPECT/CT is expected to improve the diagnostic accuracy of
radioiodine scanning and therefore to have a significant effect on patient management. As yet
two publications have dealt with this issue [12, 19]. Tharp and colleagues refrospectively
studied the diagnostic impact of "-SPECT/CT imaging in a heterogeneous group of 71
patients with thyroid cancer [12]. In 61 of these, SPECT/CT was used to evaluate the neck,
allowing a precise characterization of equivocal lesions on planar imaging in 14/17 patients
and changing the assessment of the lesion localization in five patients as compared with
planér studies. Thirty-six patients of that group had SPECT/CT for foci of uptake distant from
the neck. In this subgroup, SPECT/CT identified equivocal lesions as definitely benign in
nine patients, Furthermore, it helped to precisely localize malignant lesions in seventeen
patients. The incremental diagnostic value of SPECT/CT was reported to be 57% in the whole
group. Ruf et al. investigated the benefit of SPECT/CT hybrid imaging in 25 patients with
thyroid carcinoma exhibiting 41 foci of 131} uptake considered inconclusive on planar imaging

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

These pilot studies suggest that diagnostic improvements brought about by SPECT/CT in
patients with thyroid carcinoma ate considerable. However, considering the variable clinical
presentations of differentiated thyroid cancer, validity of the above conclusion should be
based on large-scale multi-centre prospective studies enabling stratification of patients into
statistically meaningfil homogeneous subgroups.

3.2. Neoral erest and adrenal tumours

Pheochromocytomas and paragangliomas are chromaffin cell tumours originating from the
adrenal medulla and from the paraganglia, respectively. Sympathetic-derived paragangliomas
are most frequently located in the tetroperitoneum and thorax, while parasympathetic
paragangliomas are located near the aortic arch, neck and skull base. These tumours are said
to follow in general the 10% rule: approximately 10% are malignant, 10% familial, 10%
extra-adrenal, 10% bilateral, and 10% occur in children [20, 21].

Early diaguosis, accurate pre-treatment staging and adequate follow-up are crucial as fo the
possibility of curing such tumours, Although multi-detector row CT and high-field MRI are
reliable for accurate evaluation of these tumours and are usually employed for initial imaging,
they are inadequate for whole body assessment (especially MRI).

Radioiodinated metaiodobenzylguanidine (MIBG), an analogue of norepinephrine and
guanethidine, was the first radiopharmaceutical capable of specifically depicting and
localizing  catecholamine-secreting  tumours, including  pheochromocytomas  and
paragangliomas. Nowadays, MIBG scintigraphy (generally performed with the 1231 labelled
radiopharmaceutical) is still regarded as one of the first-choice imaging techniques for
diagnosis and follow-up, as it depiets primary and residual or recurrent tumours, as well as
metastatic lesions, with an overall aceuracy of about 90% [22]. Moreover, in patients with
malignant disease, MIBG scintigraphy is an essential step to select patients for Bl-MIBG
therapy.

However, the clinical utility of MIBG scintigraphy is often impaired by a lack of accurate
anatomical information, in particular with tegard to lesion localisation. Nevertheless, the
combination of anatomical maps and scintigraphic imaging, as provided by the SPECT/CT
hybrid systems, has allowed a significant improvement in localizing MIBG-avid foci (Fig. 3),
mainly by more precisely defining the tumoural extension and by increasing specificity (as it
permits to exclude disease in foci of wacer uptake identified as sites of physiological
accumulation). In this respect, major benefits have been observed in case of tumours located
near organs with high physiological tracer uptake, such as liver and myocardium, and when
chavacterizing areas of normal MIBG bio-distribution or excretion, thus avoiding the need for
delayed imaging |23, 24].
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FIG. 3. "BLMIBG scintigraphy in a 26 year old woman who had wndergone laparoscopic left
adrenalectonty 5 years earlier because of pheochromocytoma. Despite histological appearance of
benign pheochromocytoma, symptoms and biochemical markers of disease recured, leading to the
diagnostic scan. The whole body planar scan (Teft panel) shows multiple foci of tracer uptake in the
abdominal avea, most notably in the liver and in other arcas suggesting possible lymph node
metastases. However, SPECT/CT images (upper and lower vight panels) show that such foci represent
peritoneal implants rather than visceral or lymph node metastases, possibly secondary fo intra-
surgical dissemination of benigi pheochromacytoma cells,

Ozer et al. have explored the role of fused SPECT/CT imaging for MIBG scintigraphy in a
series of 31 patients with suspected pheochromocytoma [25]. In 81% of the cases, fused
images correctly characterized the focal tracer uptake detected on planar 1231 MIBG scan as
physiological intestinal, renal or hepatic accumulation. Furthermore, SPECT/CT correctly
localized focal accumulation in the adrenal glands of four patients and differentiated bone
metastases from a local recurrence of pheochromocytoma in two patients. SPECT/CT also
discriminated MIBG uptake in a retroperitoneal recurrence from adrenal hyperplasia
consequent to contralateral adrenalectomy [26].

Neuroblastomas and ganglioneuroblastomas are poorly differentiated tumours arising from
precutsors of the sympathetic nervous system that typically occur in infants and young
children. Neuroblastoma is the most common extracranial solid tumour of childhood. It may
arise anywhere along the sympathetic chain, but most commonly oceurs in the adrenal gland,
with metastases present in 50-60% of patients at the time of diagnosis. Prognosis is affected
by age, site of the primary tumour, and surgical resectability. Ganglioneuroblastomas are
transitional tumours of sympathetic cell origin that contain elements of both malignant
neuroblastoma and benign ganglioneuroma [21]. The most common tumour sites are the
adrenal medulla (35%), retroperitoneum (30-35%), posterior mediastinum (20%), neck (1—
5%), and pelvis (2-3%).

MIBG scintigraphy is useful not only for identifying the primary tumours, but also to monitor
the pattern of metastatic spread (with an overall 92% sensitivity and 96% specificity) and
response to treatment [22]. However, fused SPECT/CT images are expected to further
improve its diagnostic accuracy, especially if performed in selected cases, ie. in patients with
inconclusive planar or SPECT imaging with respect to the exact anatomic localization of the
lesions detected on the scintigraphy. In particular, given the relatively high frequency of
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skeletal metastases in neuroblastomas, SPECT/CT can differentiate between bone and bone
marrow involvement. Moreover, hybrid imaging helps to characterize tumour recurrence in
close vicinity to the heart or liver, organs with high physiological MIBG uptake. On the other
hand, in paediatric patients SPECT/CT may help to claiify the diffuse physiologic tracer
uptake in the right heart sometimes misinterpreted as malignant mediastinal, sternal or
vertebral sites of tumour involvement [23, 26].

SPECT/CT provides therefore a clinically useful option for localizing sites of abnormal

MIBG uptake and for characterizing their benign or malignant nature. In addition to

increasing specificity of staging and providing useful anatomic information on surgical

}';z;sectability, the procedure also has an impact on the selection of patients to be treated with
I-MIBG.

3.3. ""n-octreotide SPECT/CT for assessing neurocndocrine tumours

Wy octreotide scintigraphy is widely employed to image somatostatin-receptor-positive
neuroendocrine tumours. Over the last decades, lesion detection and overall clinical accuracy
have improved due to optimized imaging techniques. The curently injected dose of 6 mCi of
"n octreotide (“'}n—U [PA-pentetreotide) has doubled as compared to the 3 mCi dose
administered in the initial studies. SPECT imaging is now routinely performed.

Neuroendocrine (NE) tumowrs of the gastrointestinal tract include careinoid and islet-cell
tumours, and sutgery is the treatment of choice. Detection of all tumour sites is critical for
referring patients to surgery and for its optimal planning. Localization of lesions may be
difficult, due to their small diameter and lack of anatomical delineation [27]. The sensitivity
of conventional imaging modalities, mainly CT and ultrasound, ranges between 13% and
85%, depending on the type, site and size of the tumour and on the imaging protocol [28].

Many neuroendocrine twnours show an increased expression of somatostatin receptors. A
variety of analogues with high binding affinity to somatostatin receptors have been
synthesized. One of these is octreotide, an eight amino acid cyclic peptide, with a biologic
half-Jife measured in hours, which is used as an injectable therapeutic agent fo inhibit excess
secretions from neuroendocrine tumours. Somatostatin receptor scintigraphy is based on the
use of octreotide as a carrier of tadionuclides for diagnostic imaging or targeting therapy. A
tyrosyl moiety in position 3 of the ¢yclic amino acid ring, the tyrosyP-octreotide has been
substituted initially with 123 [29]. Since 1231 is an expensive and short lived radioisotope, the
use of "'In bound o the octreotide molecule, 1 In-DTPA-pentetreotide, has been further
developed, with the original octreotide eight amino acid molecule covalently bound to DTPA
that, in turn, serves to link the radiometal [30].

Diagnosis, staging and follow-up of neuroendocrine tumours have advanced congiderably
with the advent of '"In labelled pentetreotide scintigraphy. This modality has a reported
sensitivity of 82-95%, and can successfully detect previously unknown sites of disease,
undetected by conventional imaging techniques, in 30-50% of various NE tumours 31, 32],
Octreotide scintigraphy improves the localization and staging of primary tumours and enables
early detection of recurtence [33]. In addition, ectreotide scintigraphy facilitates the detection
of receptor-dense microscopic foci during radio-guided surgery and is being unsed to
determine if the whole tumour has been resected. Scintigraphy is also being used to define the
teceptor-status of metastases for octreotide treatment [34-36] or for targeted receptor-
mediated radiotherapy [37-39]. It has been previously demonstrated that octreotide
scintigraphy induced a change in classification in 24% and in surgical strategy in 25% of

10

105



patients with gastro-entero-pancreatic tumours [40], and changed the patient management mn
47% of patients with gastrinomas [41].

Despite the valuable contribution of planar and/or SPECT "' In-octreotide scintigraphy to the
diagnosis and management of patients with known or suspected neuroendocrine tumours or
other processes characterized by the mcreased expression of somatostatin receptors, the
pattemns of distribution of My octreotide have raised the need for correlating seintigraphic
findings with anatomic imaging results. The overall specificity of scintigraphy may be
affected by tracer uptake in physiological sites or in benign conditions. False—positive
interpretations may be caused by the high receptor status of normal organs, such as the
pituitary gland, thyroid, liver and spleen, or by physiological exeretion of the tracer via the
kidneys or the bowel. Hepatobiliary excretion, accounting for clearance of 2% of the
administered dose, may lead to occasional visualization of the gallbladder which may
potentially be misinterpreted as hepatic metastasis [42]. Guidelines for octreotide scintigraphy
therefore recommend performing delayed studies that demonstrate changes in tracer kinetics
and thus provide the differential diagnosis between benign, physiologic and malignant sites of
radiotracer nptake. Neuroendocrine tumours are often localized in the abdomen and it can be
difficult to precisely localize a suspicious lesion, or to differentiate whether a focus of
abnormal uptake is in the pancreas, small bowel, liver or bone without anatomic correlation.
In the region of the liver, it is difficult to distinguish between physiologic gallbladder
accumulation versus a lesion in the head of the pancreas, in the right adrenal or in the small
bowel.

Octreotide scintigraphy. although highly sensitive, is limited by the lack of precise anatomic
localization, and requires correlation with high resolution anatomic imaging modalities in a
large number of cases [40, 43]. Side by side interpretation of the two image sets (SPECT and
CT) acquired separately, as well as co-registration of separately acquired anatomic (usually
CT) and SPECT My octreotide imaging data have been developed. These techniques work
quite well for fusion of studies of the brain, as there is no shift of the intra-cranial content
from one study to another. In the thorax, there are differences in organ and lesion position
depending on tespiratory dynamics. Central mediastinal structures have limited excursion so
that satisfactory co-registration, although very cumbersome and time-consuming, can be
achieved. In the abdomen and the pelvis, there is the potential for significant shift of lesions
depending upon patient positioning and variations in stomach, bowel or bladder distension,
This represents a challenge for co-registration of separately performed SPECT and CT
examinations, even when they are obtained within a close temporal interval, leading tfo
possible mis-alignment of suspicious foci. A software package has been used to fuse helical
CT and SPECT images of 28 lesions identified in 10 patients, using either external fiducial
markers or internal anatomic landmarks (spleen and kidney contour) [44], and a shift of a few
mm in organ location between SPECT and CT has been demonstrated. The use of image co-
registration in the preoperative staging of patients with gastro-entero-pancreatic
neuroendocrine tumours followiig ' In-oetreotide administration has also been evaluated in
38 patients with 87 lesions [45]. The accuracy of successfully assigning the anatomical
location by two independent readers increased from 57% and 61% to 91% and 93%,
respectively, using co-registration. Diagnosis and localization of liver metastases to a specific
segment improved from 45% and 58% to 98% and 100%, respectively, with relevant
information for further therapeutic decisions in 19% of the patients [45]. Nevertheless, the
approach of co-registering separately performed octreotide-SPECT and CT studies cannot be
considered as the optimal approach for assessment of function and anmatomy of
neuroendocring tumours.
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SPECT/CT may localize foci of increased tracer activity to normal organs with known
physiological activity, without the need for performing delayed scans on additional days.
SPECT/CT may also improve image intetpretation when the foci of increased tracer uptake
can be precisely localized to octreotide-avid benign processes, such as recent surgery or
colostomy, increased thyroid uptake in Graves® disease, accessory spleen, parapelvic cyst,
benign breast lesions and granulomatous lung disease (e.g. sarcoidosis) [34, 46]. When active
malignant disease is diagnosed, SPECT/CT can precisely define the organ involved and
determine the presence or absence of invasion into swrounding tissues. Following the
diagnosis and localization of neuroendocrine tumours, SPECT/CT may also help in
determining the extent of disease, defining it as localized or disseminated, and thus influence
the choice of the most appropriate treatment modality [47-49]. When disease is confined to a
single organ, a localized mode of organ-specific therapy is suggested, such as surgery or
chemoembolization (Figs 4, 5). When a soft-tissue tumour has invaded the adjacent bone,
surgery is inadvisable. In extensive, unresectable disease, systemic therapy is required.

Initial studies have shown that SPECT/CT had an impact on patient management in 5 out of
10 patients with neuroendocrine tumours [50]. Further studies have indicated that octreotide
SPECT/CT has a specificity of 86% and a positive predictive value of 85% for diagnosis of
neuroendocrine tumours, and resulted in a change in management in 3-14% of patients [46,
49]. Pfannenberg et al., in an analysis of 43 patients with neuroendocrine tumours, compared
SPECT/CT results to those of SPECT and to high-end CT stand-alone images, histopathology
or clinical and imaging follow-up representing the diagnostic standard. Separate SPECT and
CT interpretations were in agreement for 56 of 114 lesions overall (49% concordance). For
the remaining 58 lesions (51%), consensus readings of the fused SPECT/CT images resulted
in a change from the original interpretation of 39 CT and 19 SPECT examinations. Overall,
SPECT/CT outperformed significantly both SPECT and high-end CT. The greatest accuracy
involved the use of SPECT/CT with side by side availability of high-end CT. In fact, in this
report SPECT and side b{/ side high-end CT performed slightly better than SPECT/CT [51]. A
preliminary report of Wi octreotide SPECT/CT in 27 patients with suspected or known
neuroendocrine fumours, primarily of the gastro-entero-pancreatic type, indicated that fused
images improved the overall diagnostic confidence in 15 of 27 cases [52].

In a large series including 72 patients with neuroendocrine tumours, Krausz et al. evaluated
the impact of SPECT/CT on the diagnostic accuracy of octreotide scintigraphy and on further
clinical patient management [47]. SPECT/CT improved the study interpretation in 32% of the
total study population (52% of the positive studies). SPECT/CT allowed for the precise
localization of foei of increased ''In-octreotide activity thereby defining the whole extent of
disease in 17 patients, it diagnosed previously unsuspected bone metastases in 3 patients and
defined suspicious lesions as sites of physiologic activity, unrelated to cancer, in 3 additional
patients. SPECT/CT altered the subsequent management of 10 patients (14%). Results of
fused images modified the previously planned surgical approach in 6 patients, gpared
unnecessary surgery in 2 patients with newly diagnosed involvement of the skeleton, and led
to referral of one patient each to liver transplant and to chemoembolization, rather than to
systemic therapy.
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FIG. 4 ""In-octreotide SPECT/CT in duodenal carcinoid, A 56 year old woman with duodenal
carcinoid diagnosed following biopsy of a duodenal ulcer was referred for defining extent of disease
prior to treatment planning. Whole body planar scans performed at 24 and 48 h after tracer injection
are normal. SPECT demonstrates a small focus of abnormal tracer activity in the right mid-abdomen,
localized by SPECT/CT fused images to the duodenum, consistent with the known primary tumour. No
additional sites of abnormal fracer activity are seen. The patient was referred for surgery.

*
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FIG. 5. "' In-octreotide SPECT/CT in pancreatic insulinoma. A 68 year old woman was hospitalized
because of severe hypoghcemia. CT indicated a suspicious lesion in the tail of the pancreas. Whole
body planar scans performed at 24 and 48 h afier tracer injection are normal. SPECT demonstrates a
small focus of abnormal tracer activity in the left upper abdomen, in close proximity to the high Mgy
octreotide uptake in the spleen. This suspicious lesion is localized by SPECT/CT fused images to the
small lesion seen on CT in the tail of the pancreas, consistent with a pancreatic insulinoma. No
additional sites of abnormal tracer activity are seen, The patient was referred for surgery,
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Octreotide-SPECT/CT provides information regarding the functicnal status of the tumonr, its
precise localization and the whole extent of disease. Fused images are therefore useful tools to
choose the optimal treatment strategy, mainly in patients with advanced disease. When
scintigraphy is negative, SPECT/CT is of no additional value except for verification of
receptor density in a tumour visualized on CT. SPECT/CT provides greater accuracy in
localization of findings than functional SPECT imaging alone and greater specificity than
anatomic CT as a stand-alone procedure.

In summary, despite the favourable impact that Wn-getreotide scintigraphy, particularly
SPECT, has had on the diagnosis and management of patients with neuroendocrine tumours,
these features improve even further when correlated with anatomic imaging data acquired
sequentially during a single imaging session. Criteria for improvement include higher
diagnostic sensitivity and specificity, as well as impact on patient management. Thus, it can
be concluded that near simultaneous acquisition of both CT and SPECT image sets (hybrid
SPECT/CT) represents the state of the art for diagnostic Min-octreotide imaging of
neuroendocrine tumours.

3.4. “Ga-citrate SPECT/CT in lymphoma

¥Ga-citrate scintigraphy has long been shown to be useful for evaluating patients with
lymphoma, and SPECT/CT has finther improved its diagnostic sensitivity as well as
localization of areas with abnormal tracer uptake [53]. In particular, SPECT/CT proved to be
very helpful for distinguishing spinal lesions from adjacent nodal involvement. It was also
able to clarify the tracer uptake at the edges of the lower chest, projecting over the hepatic
dome, ribs or stemum. Furthexmore, SPECT/CT imaging has been shown to provide
additional information or diagnosis from CT-detected abnomalities leading to significant
change in patient’s management [54].

3.5. Lymphoscintigraphy

Accurate lymph node staging is essential for the treatment and prognosis in patients with
cancer. The sentinel lymph node is the first node to which lymphatic drainage and metastasis
from the ptimary tumour occur. Procedures for sentinel lymph node detection and biopsy
have already been implemented into clinical practice [55, 56]. Precise anatomic localization
of the sentinel lymph node is eritical for minimally invasive surgery and to avoid incomplete
removal of the sentinel node, especially in the regions of the head and neck, the chest and the
pelvis.

In the head and neck the lymphatic drainage is in the levels I through VIL A node in level I-A
is in the subdigastric musecle area, and a node in level [-B is in the submandibular area. A
node in level II-A is anterior to the stemocleidormastoid (SCM) musele, and a node in level 11-
B is adjacent to the SCM muscle. Nodes in level 1T are above the hyoid bone. A node in level
[I1 is adjacent to the SCM muscle, between the hyoid bone and the cticoid cartilage. A node in
level IV is adjacent to the SCM muscle below the cricoid cartilage. A node in level V-A is
behind the SCM muscle above the cricoid cartilage, and a node in level V-B is behind the
SCM musele below the ericoid cartilage. A node in level VI is in the anterior middle neck
between bilateral SCM muscles, and a node in level VI is in the superior mediastinum.

Axillary lymph node levels are level I (low) lateral to the pectoralis minor (PM) muscle, level
11 (mid) behind the PM muscle, and level Il (high) medial to the PM muscle.
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The resection ef external iliac versus mguinal lymph nodes requires significantly different
surgical approaches, and thus precise preoperative localization is crucial for optimal surgical
approach. A node above the level of the inferior epigastric artery which is anterior and lateral
to the bladder base is an external iliac node, and the nodes below the inferior epigastric artery
are inguinal nodes, further subdivided into superficial and deep ones by the sapheno-femoral
venous junction.

Only SPECT/CT imaging can precisely locate the sentinel Iymph node since CT images
provide critical anatomical landmarks such as the hyoid bone, cricoid cartilage, SCM and PM
muscles, inferior epigastric artery and sapheno-femoral venous junction.

SPECT/CT increases the sensitivity and specificity of lymphoscintigraphy, and also provides
the additional diagnostic information from the CT images [57-62]. A standard dose of
0.5 mCi P™Te labelled colloid (5-80 nm) is injected intradermally around the melanoma
lesion, interstitially around the breast cancer lesion and subcutaneously around other tumours.
SPECT/CT is usually obtained immediately after identifying drainage of the activity on serial
planar images (Fig. 6).

A) (B)

FIG. 6. Additional information over planar seintigraphy provided by SPECT/CT in two patients with
malignant cutaneous melanoma submitted to lymphoseintigraphy with ** Te-albumin nanocolloid
before radioguided sentinel lymph node biopsy. (4) Left panels show the planar posterior (top) and
lefi lateral (bottom) views in a patient with melanoma located on her back: multiple bilateral lymph
nodes can be detected, without however clear reference to precise anatomic structures. Right pauels
show SPECT/CT tomographic sections at different Tevels, demonstrating bilateral lymphatic draining
to both axillary (top) and subscapular (bottom) lymph nodes. (B) Left panels show the planar right
obiigue (top) and anterior (bottom) views in a patient with melanoma located on his anterior right
chest: multiple lymph nodes can be detected, without however clear reference to precise anatomic
structures. Right panels show SPECT/CT tomographic sections at different levels, demonstrating
hymphatic draining to both axillary and internal mammary chatn lymph nodes

3.6. Skeletal scintigraphy for staging malignant disease

Scintigraphic imaging of bone metabolism is a cost efficient way to prove ot exclude skeletal
metastases in patients with tumours prone to metastasize to the skeleton, such as breast,
prostate, or lung carcinomas [63]. Therefore, bone scintigraphy is included in the majority of
guidelines addressing management of these neoplastic conditions in many countries and is
one of the most frequently performed radionuclide imaging procedures performed worldwide.
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In a recent study comparing the diagnostic accuracy of Pmre-phosphonate skeletal
scintigraphy to that of ["*FJFDG-PET in patients with thyroid carcinoma [64], sensitivity of
the conventional procedure was not significantly different from that of [®FFDG-PET.
However, its specificity was significantly worse. This result can be considered representative
also of other tumours and is not at all unexpected, since there are several highly prevalent
benign conditions leading to focally increased uptake of the radiolabelled phosphonates in the
skeleton. Most of these conditions reflect degenerative processes of the joints increasing in
frequency with age, such as spondylarthrosis or coxarthrosis. Additional benign causes of
enhanced uptake are rheumatic disease or benign bone tumours.

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

In 2004, Horger et al. demonstrated significantly increased specificity when using
SPECT/low-dose non-spiral-CT for classifying 104 lesions in 47 subjects exhibiting
indeterminate findings on conventional planar imaging [65]. This study is particularly
valuable considering that the reference gold standard for final classification of lesions was
either histological confirmation or extended clinical follow-up, and thus independent from the
tesults obtained by SPECT/CT.

Romer et al. employed a SPECT/CT camera equipped with a two slice spiral-CT for
classifying 52 lesions in 44 patients, defined as indeterminate on SPECT imaging [6]. These
authors reported that SPECT/CT enabled comect classification of the scintigraphic
abnormalities in 92% of the subjects studied. :

Utsunomiya et al. used a hardware set-up comparable to that of a hybrid SPECT/CT camera,
by transferring the patient positioned on the same table in an identical position from a stand-
alone SPECT camera to a gantry of an 8 slice CT [66]. By studying 45 patients and based on
receiver-operation curve (ROC) analysis, they confirmed the significant increase in diagnostic
accuracy brought about by co-registtation of these two modalities. Furthermore, they also
showed that co-registration performs significantly better than side by side viewing of the two
sets of images (SPECT and CT, respectively) on the same workstation.

Considering the evidence summarized above, one cannot but conclude that skeletal
SPECT/CT is the new imaging gold standard when searching for osseous metastases and that
for this putpose conventional scintigraphy becomes obsolete (Fig. 7). Unsettled issues include
the quality of the CT infegrated into the hybrid system needed for this purpose, as well as the
telative diagnostic aceuracy of this approach compared to whole body MRI and PET using
["FIEDG or 1 fluoride. Although these options appear attractive, a cost effectiveness
analysis might strengthen the role of SPECT/CT in this context.
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Pt #1

Pt #2

FIG. 7. The upper row shows SPECT, CT, and fused ima%gs of a lumbar vertebra in a patient with
breast cancer (Pt #1). In this patient, increased uptake of ~"Te-MDP is due to arthrosis of the facet
Jjoint. The lower row depicts similar images in another breast cancer patient (Pt #2). Although the
SPECT appearance of the lesion is quite similar fo that in Pt #1, the CT overlay proves it to be a smafl
osteolysis.

3.7. Skeletal SPECT/CT in orthopaedics

Up umntil approximately 20 years ago, planar X ray and skeletal scintigraphy were the imaging
procedures of choice in patients with benign orthopaedic disease. Although MRI has brought
a dramatic change to the predominance of radionuclide imaging in this field, skeletal
scintigraphy still holds the promise of sensitively depicting functional alterations of bone.
However, difficulties in precisely localizing abnormalities of bone metabolism relative to the
complex anatomy of the skeleton have greatly weakened its clinical role, despite its much
lower costs than MRI.

In principle, SPECT/CT would be suited 1o overcome these problems as demonstrated in
several case reports (Fig. 8) [67]. However, so far only one study has systematically studied
the clinical benefit of SPECT/CT in orthopaedic disease [68]. Using a SPECT/mulfi-slice
non-spiral CT, Even-Sapir et al. analysed skeletal image data from 89 consecutively studied,
non-oncological patients. These patients had non-specific lesions on planar skeletal
seintigraphy for which correlation with morphological imaging was considered necessary.
“The indications for radionuclide bone imaging were pain in 61, prior trauma in 7, suspected
infection or inflammation in 6, and fever of unknown origin in the remaining 2 patients. Gold
standard for final classification was consensus opinion among the readers, and this represents
a possible limitation of the study since it was not independent from SPECT/CT itself. Hybrid
imaging enabled a definite diagnosis to be reached in 59% of the patients studied, obviating
the need to perform additional imaging. Tn another 30% of patients, SPECT/CT provided
information relevant for their further diagnostic workup. The authors therefore concluded that
SPECT/CT is a clinically relevant component of the diagnostic process in patients with non-
oncological disease referred for bone scintigraphy.
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FIG. 8. (4) Early (left panel) and late (vight panel) posterior planar skeletal scintigrams of a 74 year
old patient after recent frauma, showing enhanced uptake of #mre-MDP in a vertebral body of the
lower thoracic spine. 3-D-volume rendering of the SPECT/CT fusion (B) shows that the lesion is in the
twelfil vertebral body. The inspection of the fused tomograms (C) proves it to be a fracture; moreover,
the one-stop shop examination discloses it to be unstable since the posterior corticalis is fivolved, this
motivating immediate surgery,

3.8. "TlLehleride in cerebral masses

The diagnosis of a postoperative residual brain tumour is a challenging clinical problem, since
hoth contrast-enhanced CT and T1-weighted MR1 after surgery ave difficult to interpret while
precise diagnosis is needed for planning radiation therapy. Likewise, in HIV infected patients,
the differential diagnosis between primary lymphoma and cerebral toxoplasmosis is often
problematic. "

Thallium is a metallic monovalent cationic element in group II-A of the periodic table of
elements. 2”'T1 is cyclotron-generated and is administered in the form of thallous chloride.
The cellular uptake of *'T1 after iv. administration depends on both blood flow and the
cellular extraction fraction, which mainly occurs via the Na'/K'-ATPase active transport
membrane pump in viable cells. A minor fraction of 201 yptake is also related to co-transport
system, calcium ion channel system, vascular immaturity with ‘leakage’, and increased cell
membrane permeability. Tumour cells have shown greater gy uptake than normal
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connective tissue or inflammatory cells. In primary brain tumours alterations in the blood-
brain barrier play a key role in 271 accumulation [69].

fn normal subjects little 22'T1 activity is seen in the cerebral substance, since **'T1 cannot pass
the blood-brain barrier and diffuse into the brain tissue. Conversely, high radioactivity is seen
in the orbits, the base of the skull and nasopharyngeal region, and around the scalp. There are
no significant differences between early (10 minutes) and delayed (3 hours) images. In case of
brain haematoma, 2°"TT uptake seen in carly images significantly decreases on delayed scans
[70].

Postoperative "'T1 SPECT demonstrated a significantly better accuracy than contrast-
enhanced CT in detecting residual tumour in 33 patients [71]. Actually, disruption of the
blood-brain barrier during the postoperative OPeriod often leads to uncertainty in CT
interpretation. Co-registration and fusion of 2l SPECT with CT could thus optimize
postoperative radiation therapy planning through a truly anatomo-metabolic image.

200 SPECT has also been seen to be useful for differentiating brain tumour recurrence from
radiation necrosis or gliosis after radiotherapy, with more reliable information than CT and
MRI in identifying progression, improvement or no change in brain tumours in follow-up
studies [72, 73].

Because 2°'T1 does not accumulate in normal brain parenchyma, anatomical localization of
increased tracer uptake is difficult. Registration and fusion with anatomical images facilitates
this task during the clinical workup of patients with brain tomours [74]. Appropriate
attenuation correction based on the CT transmission data could also help in the reconstruction
of Tl SPECT images, which will further improve image contrast and detectability of areas
of increased uptake, leading to a higher sensitivity of *'Tl imaging, particularly for
infratentorial and small size tumouts. Until now, physicians have relied mainly on their
spatial sense to mentally reorient and overlap Tl images with the anatomic data. This
approach is inconsistent and highly subjective and can yield suboptimal results because it
does not take full advantage of all the available information [74]. Image fusion allows
accurate determination of the anatomic sites of normal and abnormal uptake (Fig. 9). The
precise localization of 2"'T1 accumulation is essential to guide the choice of biopsy site
(conventional or stereotactic), in an effort to decrease the potential for tissue sampling error in
the pathologic specimen, or for planning radiosurgery [75]. Moreover, the accurate
assessment of 21 uptake can be of significant value after surgical and/or radiotherapy
treatment in planning focther therapeutic strategies, such as additional surgery or radiotherapy,
because CT and MRI are often wnable to distinguish residual tumour from post-therapy
changes. Fused images can also help in optimizing the treatment specifically to the viable
malignant tissue and in the early diagnosis of recutence during follow-up.

3.9. “™T¢-depreotide in solitary pilmonary nodules

‘The characterization of solitary pulmonary nodules (SPNs) represents an important clinical
problem because, although they may be caused by many benign conditions, bronchogenic
carcinoma is being increasingly identified as one of the main etiologies, especially in the
elderly. Susvival rate at 5 years may be 280% in patients with resected malignant SPN, while
it is <5% for patients with advanced malignant disease. Ideally, diagnostic approaches to SPN
would permit definitive resection when possible and avoid resection in patients with benign
disease [76].
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FIG. 9. SPECT/CT performed after administration of *" Tl-chloride in an HIV infected pdtient
referred for differential diagnosis between primary lymphoma and cerebral toxoplasmosis. **'Tl
accunilation in the left hemi-cerebellum supports the diagnosis of primary lymphoma.

Depreotide is a synthetic cyclic peptide, an analog of somatostatin, that binds with high
affinity to somatostatin receptors 2, 3, and 5. Radiolabelled with #Pmpe, this agent has
successfully been used for SPN imaging [77]. In fact, 9T e-depreotide has been approved by
the US Food and Drug Adminisiration for the noninvasive differentiation of SPN, and it
represents a cost effective alternative to ['®F]EDG-PET in this application [78]. T
depreatide SPECT and ['*FIFDG-PET have demonstrated the same specificity (86%) for
small (HE to 1.5 em), and equal sensitivity (92%) for large (more than 1.5 cm) SPNs [79]. The
role of "™lc-depreotide in staging patients with non-small cell lung cancer is still under
investigation, although an elevated number of false—positive results have been reported in the
hilar/mediastinal regions duve to nonspecific tracer uptake [80, 81]. SPECT/CT may help
image interpretation by improving specificity at diagnosis and staging and by di fferentiating
physiologic activity (parahilar mediastinal region, bone matrow uptake in the spine, ribs and
sterntim) from malignant uptake in the primary tumour or into metastatic lymph nodes (Fig.
10). Additionally, the improvement in image quality by the use of X ray based attenuation-
correction could increase the detection rate of smaller nodules.

3.10. ProstaScintigraphy

Functional or molecular imaging of prostate cancer presents a challenging problem because of
the deep anatomical location of the prostate gland in the pelvis, which causes significant
attenuation and scattering problems. Patient’s movement, changes of the prostate volume, as
well as changes in the shapes and contents of the rectum or bladder during imaging can
further exacerbate the problem in image-fusion multimodality imaging visualization of the
prostate.
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FIG. 10. Transexial, coronal, and sagittal tomograms of SPECT/CT imaging obtained after injection
of “"Te-depreotide in a patient with a solitary pulmonary mass occasionally discovered on chest
Xray. Intense tracer uptake indicates malignancy, while the fused SPECT/CT images suggest that,
while there is no extension of the tumour to infiltrate the chest wall, there is possible involvement of
the pericardium,

The overall diagnostic accuracy of imaging using 5 mCi My ProstaScint (monoclonal
antibody against the prostate-specific membrane antigen) has been reported to be 76%, with
44% sensitivity and 86% specificity relative to histologic findings [82, 83]. Increased
accuracy of the ProstaScint sean for diagnosis of prostate cancer has been reported when
fusing SPECT images with either CT or MRI [84, 85]. In addition, ProstaScint imaging can
be applied to guide brachytherapy or intensity-modulated external-beam radiation therapy
[86], as well as radioimmunotherapy using 9"“Y-t.:ﬂprc:;ma]:; pendetide for recurrent prostate
cancer [87].

3.11. SPECT/CT in the preoperative localization of parathyroid adenomas

Parathyroid scintigraphy with 99Me sestamibi (employed either as a single-tracer, dual-phase
protocol or in combination with other fracers with exclusive uptake in the thyroid for
subtraction imaging) is eritical for preoperative localization of parathyroid adenomas,
especially in the perspective of applying mini-invasive parathyroid surgery [88-90]. Even
before the introduction of hybrid SPECT/CT instrumentation into ¢linical routine, stand-alone
SPECT procedures had already demonstrated clear superiority to planar Pm T sestamibi
scintigraphy for imaging and localizing parathyroid adenomas, especially when planning the
best surgical approach to ectopic adenomas, mainly located in the mediastinum [91-98].

However, because of the paucity of anatomic landmarks in pure SPECT images, some form of
multimodality co-registration often tumed out to be useful for better localization of adenomas
relative to critical anatomic structures, such as those available through side by side viewing
with, e.g. CT images or by post-acquisition image fusion, Useful complementary information
as to location of ectopic parathyroid adenomas can also be derived by sequential acquisition,
after **™Te-sestamibi scintigraphy, of scintigraphic images obtained by injecting a second
tracer, e.g. an infravascular indicator such as radiolabelled albumm or red blood cells, to
identify the topographic relationships of adenomas with the principal vascular structutes [88].

The recent growing-scale implementation of hybrid SPECT/CT equipments has dramatically
improved this scenario, by enabling simultaneous acquisition and accurate single hardware
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co-registration of functional images (derived from P resestamibi scintigraphy) and of the
corresponding morphologic images (derived from CT). Thus, it can be concluded that, at
present, SPECT/CT represents the state of the art in preoperative localization of parathyroid
adenomas, especially in cases of ectopic location and in the presence of concomitant
multinodular goiter (Fig. 11). In all these conditions the localizing performance of SPECT /CT
is clearly superior to both planar scintigraphy and stand-alone SPECT.

(A)

(B)

Pt#1 Pt#2

FIG. 11. Patients with parathyroid adenomas in whom hybrid SPECT/CT imaging turned oul fo be erucial for
aceyrate preoperative localization and for planning the most adequate surgical approach. (A) Early (top left)
and delayed (bottom lefl) planar Wre.sestamibi scans in a patient who had undergone unsuccessful parathyroid
surgery during which the left thyrold lobe was also resected because of concomitant nodular goiter {persistent
primary Typerparathyroldism despite removal of an enlarged parathyroid gland ectopically located in the
anterior mediastinum that hud been identified on a planar *Te-sestamibi scan). While both scans (left panels)
are negative for pevathyroid adenoma, SPECTICT imaging (right panel) enabled to identify abnornial tracer
uptake located posteriorly to the trachea. (B) Two patients in whom SPECT/CT imaging with Wy e-sestamibl
localized hyperfunctioning parathyroid adenomas and led to plan the optimal surgical approach for their
successful resection. In Pt #1 the adenomawas Jocated adjacent to the right wall of the frachea, while in Pt #2
the adenoma was located in the anterior nedlastinun,

An early report by Gayed et al. suggested that SPECT/CT had a significant impact on surgical
management of patients in only a limited fraction of patients (5 out of 48 cases in their
experience), and considered therefore that the added value of CT (with the related radiation
exposure) did not justify the routine application of the procedure, except perhaps patients
with ectopically located adenomas [99). However, more recent reports emphasize the impact
of SPECT/CT compared to planar and/or SPECT scintigraphy (either as a stand-alone
imaging or as side by side viewing with the corresponding CT images) on surpical
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management of patients. This conclusion has been reached by Krausz et al. who report a
change in the surgical approach in 10/33 ectopic and 4/23 orthotopic parathyroid adenomas
[100].

Similarly, Serra et al. have shown that SPECT/CT improves preoperative localization of
parathyroid adenomas, with significant surgical impact in 39% of the cases [101]. In their
patients, SPECT alone correctly localized 14/23 parathyroid adenomas (61%), while
SPECT/CT correctly localized all 23 lesions (100%, 14 of which were ectopically located).
Fuithermore, SPECT/CT was crucial in demonstrating the retrotracheal location of an
adenoma in three patients. Better performance of SPECT/CT versus planar ot stand-alone
SPECT has also been reported by Lavely et al. [102], while Ruf et al. have emphasized in
particular the role of SPECT/CT for attenuation correction of the SPECT data based on the
CT transmission data [103].

In conclusion, image fusion as obtained by hybrid SPECT/CT imaging with I fe-sestamibi
is of value for surgical planning in both primary and secondary hyperthyroidism [104].
Concerning in particular secondary hyperparathyroidism, it is crucial that all parathyroid
tissne showing * " Te-sestamibi uptake is removed, because these parathyroid glands are those
responsible for the increased production of parathyroid hormone. When relying only on visual
inspection of the surgical field, in the absence of fimctional information some simply
hyperplastic (but not hyperfunctioning) parathyroid glands might be removed unnecessarily.
Wider clinical expertise using the hybrid SPECT/CT technology will certainly have a relevant
impact in this field.

3.12. SPECT/CT for diagnosing infection and inflammation

nfection and inflammation can represent a major diagnostic challenge for physicians.
Diagnosis and precise delineation of infectious foci may be critical in cerfain clinical
scenarios and render decisions concerning further patient management problematic [1035,
106].

Both morphologic and functional imaging modalities have been extensively employed for
diagnosing and monitoring infections. CT and MR images provide high-quality anatomic
details. However, the structural abnormalities underlying the infectious process are, in some
cases, non-specific or appreciable only in a subacute or late phase of the disease. Nuclear
medicine has gained a crucial role in the evaluation of patients suspected of harbouring
infection, especially because of its capability of demonstrating physiologic processes and
metabolic changes that often precede anatomic changes by several days or even weeks [106-
123].

Although a variety of new radiopharmaceuticals have been explored as to their ability to
detect and localize infectious and inflammatory processes, “Ga-citrate scintigraphy and
scintigraphy with "In- or "™ Tc-HMPAO Tabelled autologous white blood cell (WBC)
remain the functional imaging techniques of choice for diagnostic work-up of infection [105].

However, both “'Ga-scintigraphy and WBC-scintigraphy suffer from poor spatial resolution
and somewhat low specificity because of the absence or paucity of anatomic landmarks. These
limitations make precige localization and characterization of areas with focal abnormal tracer
uptake problematic, even when employing SPECT imaging. At least part of these difficulties
can be overcome when contemporary CT images are available, by either side by side viewing
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and, even better, by sofiware based image fusion analysis [124, 125]. However, similar as
with other scintigraphic applications, the introduction into clinical routine of integrated
SPECT/CT scanners for combined anatomic and functional imaging has offered new
opportunities for infection imaging, especially for facilitating precise anatomic localization
and accurate characterization of infectious foci |2].

Recent reports have explored the contribution of SPECT/CT to a more accurate interpretation
of WBC-scintigraphy for an array of clinical indications in different regions of the body, by
distinguishing normal physiologic distribution of labelled WBCs from accumulation due to
underlying infection. Major advantages have been observed for infections processes with
thoracic or abdominal localization, because of the potential difficulty of characterizing foci of
WBC accumulation near the major vessels. In such cases, the hybrid technology helps in
discriminating blood-pool activity from infectious sites, with substantial benefits for the
evaluation of suspected vascalar graft infection and fever of unknown origin [126].

Moreover, SPECT/CT with Bmpo HMPAO-WBC can be very useful to image bone and joint
infections, by allowing accurate localization of labelled WBC accumulation. In particular, in
some cases of bone infection with adjacent sofi-tissue involvernent, while planar images alone
are not able to distinguish soft tissue from bone, hybrid imaging is able to localize additional
sites of leukocyte uptake in neighbouring soft tissue and to precisely define the extent of
infection, thus modifying clinical patient management and therapeutic approaches in several
cases.

After traumatic injury, skeletal changes can often be observed in morpholegic imaging (i.e.
CT or tadiography). Although fusion imaging with a hybrid camera can improve the
diagnostic accuracy of SPECT, it cannot be a substitute for conventional high resolution CT,
which maintains its diagnostic role in most clinical situations. However, with regard to bone
imaging, reports show that even the low-dose CT of the hybrid device may provide sufficient
diagnostic anatomic information.

In this regard, Filippi and Schillaci have recently evaluated the usefulness of SPECT/CT for
interpreting gé’"’F ¢-HMPAO-WBC scintigraphy in 15 patients with suspected osteomyelitis
and 13 patients with suspected infection of orthopaedic prosthesis [127]. SPECT/CT fusion
correctly characterized and localized the site of labelled WBC uptake in all patients with
osteomyelitis, discriminating soft tissue from bone and having a substantial impact on the
clinical management. Moreover, among patients with suspected infection of orthopaedic
implants, SPECT/CT offered a more accurate anatomic localization of the site of infection
than SPECT alone allowing differentiation between prosthesis and sofi-tissue uptake. The
authors concluded that hybrid imaging provided additional anatomic information on all
patients with positive scan results (64.2%) leading to a more accurate definition of the extent
of infection with significant impact in decisions therapeutics. In particular, major benefits
were achieved for the diagnosis of relapsing osteomyelitis in patients with structural bone
abnormalities after trauma.

Although “Ga-citrate has been used for scintigraphic imaging of infection and inflammation
for many decades, its bio-distribution (with high accumulation in the gastrointestinal tract)
and its sub-optimal physical emission characteristics result in a relatively poor imaging
quality, making interpretation of abdominal imaging quite problematic. In an attempt to
improve the goality of “Ga-citrate imaging, Bar-Shalom et al. have explored the added value
provided by hybrid SPECT/CT imaging as an adjunct to “TGa-scintigraphy (in 47 patients)

24

119



and to P™Tc-HMPAO-WBC scintigraphy (in 31 patients) [126]. The contribution of
SPECT/CT was analysed on a patient- and site-basis and was compared for the two tracers
and for various clinical indications. SPECT/CT provided an additional contribution for
diagnosis and localization of infection in 48% of the patients and in 47% of the sites.
Although SPECT/CT, because of its capability to localize abdominal uplake within the bowel,
enabled the correct exdusmn of infection in four patients undergoing % Ga-scintigraphy, the
investigators found that the clinical added value of SPECT/CT was significantly higher for
WBC-scintigraphy than for #'Ga scanning (63% versus 36% of patients). This data can be
explained by the high specificity of WBC, with low background activity and therefore limited
anatomic information.

New agents such as radiolabelled anti-granulocyte monoclonal antibodies, radiolabelled
ciprofloxacin, radiolabelled biotin, may benefit from hybrid imaging, as reported in some
preliminary studies. Biotin (or vitamin H) is utilized by growing bacteria at the site of
infection according to the rate of their metabolism. This feature is the basis for the successful
utilization of ""In-biotin for imaging infection, especially in difficult to interpret conditions
such as the spondylo-discitis. However, since Biotin does not appreciably accumulate in
normal bone and/or bone marrow, the exact identification of the vertebral body harbouring
infection can be problematic. Therefore, in order to improve diagnostic accuracy and to
differentiate between vertebral and soft tissue paravertebral infection, SPECT/CT acquxsmons
may be performed. [n a preliminary study, Lazzeri et al. have investigated the role of M-
biotin SPECT/CT in 70 patients with suspected slpma] infection [128] and have thus
confirmed the high diagnostic potential of one-step In-biotin hybrid imaging. Moreover,
these authors demonstrated that SPECT/CT imaging allows accurate evaluation of spinal
infection differentiating between vertebral and soft tissue paravertebral involvement.

Other 1adiopharmaceuticals, such as *™Tc labelled anti-granulocyte antibodies (AGA), are
kmown to be highly sensitive and specific for diagnosing infectious disease, but image
analysis and exact anatomical definition of the infectious foci is often difficult. In a series of
27 patients with suspected chronic post-traumatic osteumyelmb Horger et al. have evaluated
the value of fused SPECT/CT 11navu1g after injection of *™c-AGA [129]. All patients
underwent planar and SPECT/CT imaging studies 4 h and 24 h after injection. The authors
found high sensitivity (100%) for both planar and SPECT/CT imaging, associated however
with different results in terms of specificity (78% for planar versus 89% for SPECT/CT).
SPECT/CT correctly localized all abnormal foci of tracer uptake detected on planar and
SPECT images, and also enabled accurale discrimination between soft-tissue infection, septic
arthritis, and osteomyelitis.

Although the potential of fused SPECT/CT imaging in infectious and inflammatory disease
has not yet been fully elucidated and further validation is required, hybrid imaging provides
precise anatomic localization with significantly improved diagnostic accuracy over planar or
SPECT alone (Figs 12-14). These new techniques, in conjunction with the use of highly
specific radiotracers for detection of inflammatory disease, are creating a whole new and
powerful armamentarium for diagnosing infectious foci.
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Pt #1

Pt#2

FIG. 12. Patients with cardiovascular infection imaged with autologous P fo-HMPAO-leukocytes
and SPECT/CT. Although the most likely site of endocardial infection in Pt # 1 was expected to be a
mitral valve implant (visible on the CT component of the examination), SPECT/CT correctly identified
the wicuspidal vaive as the actual site of infection (top panel). In Pt #2 (previously submitied to
implant of aorto-bis-iliac vascular prosthesis), SPECT/CT defined the extent of infection as involving
only the left side of the vasciular graft (bottom panel).

Pt #1 Pt #2

FIG. 13. Patients with infectious foci in the dbdominal area. Pt # 1 (lefl panel) developed persistent
fever resistant to antibiotic treatment shortly afier combined pancreasectomy and splenectomy,
perforned because of a pancreatic adenocarcinoma of the tail infiltrating the splenic hilus.
SPECT/CT performed as part of autologous **"Te-HMPAO-leukocyte scintigraphy reveals a sub-
diaphragmatic abscess at the tip of the draining catheter that had been placed during surgery. Pt i#2
(right panel) had instead fever of unknown origin. During autologous P Te-HMPAO-leukocyte
scintigraphy, # is only SPECT/CT that reveals location of an abscess at the upper pole of the lefi
kidrey, which on planar scan could only be generically located below the lower pole of the spleen.
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Pt #1

FIG. 14. Patients with different forms of osteomyelitis, with accurate definition of the extent of
infection by SPECT/CT. Post-traumatic osteomyelits of the left ankle in Pt #1 (left panel), imaged after
injection of **"Tc-anti-granulocyte antibody. In Pt #2 (vight panel) SPECT/CT performed during
autologous *" Te-HMPAQ-leukocyte scintigraphy demonstrates that infection arising in a diabetic
foot involves not only the soft tissue but also bone siructures. Such accurate localization of the disease
process was problematic not only on planar scintigraphy but also on stand-alone SPECT,

3.13. Cardiac SPECT/CT procedures
3.13.1. Myocardial perfusion imaging — CT based attenuation correction

Myocardial perfusion imaging (MPI), using 20171 and *™T¢ labelled radiopharmaceuticals for
stress/rest SPECT studies is at present the main non-invasive modality for evaluation of
coronary arlery disease [130]. Its accuracy is, however, limited by image artefacts that can
cause false—positive perfusion defects and therefore reduce the test specificity. Although the
initial validation of MPI-SPECT performed in luminary sites reported a specificity of greater
than 90%, further latge-scale clinical use of the technique has been associated with specificity
in the tange of 60% or lower [131, 132]. One of the most common image artefacts is caused
by non-uniform reduction of photon activity from attenuation by soft tissue. This can be
recognized, or at least suspected by experienced readers, because of the typical location and
shape relative to the heait. Attenuation artefacts usually occur in the anterior wall in women
with large breasts and in the inferior wall in obese men [133-135]. Although the true
prevalence of soft tissue artefacts is unknown, estimates range between 20% and 50% of
patients [136, 137].

Several approaches have been used to address the issue of spurious false positive results in
MPI due to photon attenuation including, among other options, awareness of their potential
occurrence and location, routine assessment of raw imaging data, comparative assessment of
studies performed following a change in the patient’s position (prone versus supine) and gated
imaging which assesses wall motion. These approaches improve artefact recogmition but they
all have limitations. Although guidelines of the American Society of Nuclear Cardiology
recommend that attenuation correction should be performed in all patients, there ate clearly
some patient populations that benefit more from this procedure, generally the largest-size
patients. Depending on equipment availability and daily workload, the rest SPECT study is
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used in some centres as the criterion for triage decisions for performing attenuation correction
acquisition,

In order to determine the true radiotracer distribution in the myocardium, several techniques
have been developed with the goal of generating patient-specific attenuation maps.
Attenuation maps generated by transimission sources at the time of the scan have, until the last
decade, been the most commonly used method of correction. Varjous transmission geometries
have been adopted, including sheet, multiple lines, or scanning line sourees, a fixed source
positioned at the focal line of a fan-beam collimator, or a moving point source [138].
Commercial systems use mainly Gadolinium-153 ('**Gd, 100 keV) with a 100-day half-life,
supplied at a maximum of 400-500 mCi/source. With decay of the source, a degradation in
the attennation map leads to a central underestimation of the true attenuation coefficients.

An additional approach has attempted to use¢ anatomic images imported from CT, but has
been limited by difficulties in correct matehing of the morphologic and scintigraphic data sets
since images are acquired on different systems, at different time points, with the patients lying
on different stretchers. These limitations are, at least in part, overcome by near-simultaneous
acquisition of MPI and CT on a single imaging device. Historically, SPECT/CT systems have
been initially developed with the specific goal of achieving optimal CT based attenuation of
myocardial perfusion scintigraphy.

Cardiac SPECT is performed using a dual-head gamma camera equipped with low energy,
high resolution parallel hole collimators, and with the detectors at 90° to each other. T he
acquisition is performed over a 180° orbit during a @iﬁo‘j of 12-20 minutes. Dual isotopes
acquisition uses 2017 for rest and “™Te-sestamibi or * " Te-tetrofosmin for stress, while single
isotope acquisition uses the same isotope, *"™e-sestamibi or *™Te-tetrofosmin for both rest
and stress. For 22T, imaging energy windows of 30% and 20% for the 70 keV and 167 keV
peaks, respectively, are used, while the energy window width for PmTe is 20% for the
149 keV peak. Both the rest and stress SPECT studies are followed by a low-dose CT (20
30 mAs, 140 keV for the diagnostic CT, or 2.5 mA, 140 keV for a camera-mounted CT),
which is used for photon attenuation correction of the scintigraphic data. The CT-attenuation
correction study is performed only over the area of the heart, as defined by the operator. The
patient is asked not to move duting study progression, in order to obtain good co-registration
between the emission and the transmission scans [139].

CT based attenuation cormrection has been shown to provide the most reliable and accurate
high quality cardiac SPECT images through high resolution, high count-rate and low noise
attenuation maps resulting in predictable uniform tracer activity in patients with a low
likelihood of haemodynamically significant coronary artery disease. The CT based attenuation
correction method can be successfully implemented with all clinical cardiac SPECT
protocols, including same-day or 2-days rest-stress, single and dual isotope rest-stress
procedures.

3.13.2. Cardiac SPECT/CTA for ussessing the significance of coronary artery lesions

Stiess/rest MPI is the established imaging modality for non-invasive diagnosis of presence,
severity and extent of coronary artery disease (CAD), with high sensitivity and specificity.
MPI determines the physiologic significance of angiographically borderline stenosis, and
defines the presence of viable but dysfunctional, hypoperfused myocardium. MPI cannot,
however, diagnose early atherosclerosis and often underestimates the extent of coronary
artery disease. In addition, MPI does not provide accurate anatomical information, essential
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prior to coronary revascularization procedures. The recently developed multi-detector CT
(MDCT) technology characterized by high spatial, contrast and temporal resolution enables
non-invasive CT coronary angiography (CTCA) and provides also accurate information
regarding the structure and motion of the heart chambers. CT, however, does not predict the
benefit of revascularization [140-142].

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

While coregistration of separately performed CT and MPI may provide a very similar type of
data, this process is difficult to implement beyond research purposes in dedicated centtes, due
to its logistical limitations. Single devices combining SPECT/CTCA data are characterized by
ease of use and simple logistic set-ups, and have the potential of making cardiac hybrid
imaging user-fiiendly and easy to plan, major factors in their future routine clinical use.
SPECT/CT can provide accurate non-invasive diagnosis of the culprit coronary lesion,
including its location and morphology, in conjunction with assessment of the physiologic
significance of this lesion on myocardial function. SPECT/CT images precisely localize
regions of impaired perfusion to the corresponding vaseular territory. Cardiac SPECT/CTCA
may prove of significance in a series of potential indications, which will however need to be
proven by large, multi-centre studies. By allowing visualization of stenoses, the addition of
CTCA to MPI can potentially climinate one of the major reasons for false negative MPI
results in patients with advanced 3-vessel disease, showing a balanced reduction of blood
flow in all myocardial segments. On the other hand, by assessing the functional consequences
of stenosis through its stress/rest MPI component, it may improve the performance of CTCA
in patients with dense coronary plaques. CTCA results are often insufficient to guide patient
management. A need for functional information will arise in many patients demonstrating
anatomic coronary abnormalities on CT.

In summary, reliable attenuation correction of MPI-SPECT enhances significantly the elinical
decision making process; decreases morbidity related to invasive procedures and also saves
costs related to additional work-up induced by equivocal reports. High speed multislice
coronary CT has a growing impact on assessment of patients with known or suspected
coronary artery disease. Combined data regarding myocardial perfusion, calcium scoring and
the presence or absence of coronary stenosis may, in future, enable better stratification of
patients with or without ischemic heart disease. Referral algorithms will have to define patient
groups that will benefit from hybrid SPECT/CTCA imaging of both myocardial perfusion and
the anatomy of the coronary tree.

3.14. Added values of CT in patients with coronary artery discasc
3.14.1. Coronuary artery calcium

Caleium accumulates in the coronary arteries as a result of the body’s response to contain and
stabilize inflamed coronary plaques. Calcified plaque assessment correlates with pathologic
assessment of the total amount of calcified plus noncalcified plaques [143]. The burden of
coronary artery calcium (CAC) generally reflects an advanced stage of plaque development,
and CAC serves as an indirect but proportional marker for global atherosclerotic burden. The
CT based method of quantifying CAC was initially developed using electron-beam
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tomoggaphy (EBT), but multi-slice CT provides measurements of CAC comparable fo those
derived from EBRT [144].

The CAC score is derived using highly reproducible semiautomatic computer methods based
on the product of calcified plaque area by the coefficient of its density. The score is caleulated
ag the product of the CAC area by the peak Hounsfield mit (1 for 131-199 HU, 2 for 200
299 HU, 3 for 300-399 HU, and 4 for >400 HU). Visually, coronary calcification can be
categorized into mild (minimal), moderate, and marked (extensive) degrees of severity.

Accumulation of CAC is common in adults and increases with age. The presence of CAC is
often associated with only insignificant (<50% Iuminal narrowing) coronary stenosis.
However, there is a graded relationship between the extent of CAC and the annual risk of
coromary heart disease. Patients with extensive CAC are likely to have marked non-caleified
plagues that may be tupture-prone. Plaque erosions are infrequently calcified and associated
with acute coronary syndromes [145].

3.14.2. Coronary computed tomograply angiograply

Coronary computed tomography angiography (CTA) visualizes not only the coronary vessel
lumen but also the wall, allowing the non-invasive assessment of the presence and,
potentiaily, the size of non-calcified coronary plaque. Furthermore, the assessment of
ventricular function is possible from a single first-pass acquisition of the chest CT data, which
may be of value in the emergency department setting, along with the potential to provide
assessment of pulmonary embolism, acute coronary syndrome, and aortic dissection in a
single study.

The relative toles of myocardial perfusion SPECT and CTA have not yet been defined. In
patients with intermediate likelihood of CAD, coronary CTA may be the initial test to
perform, attending to the apparently superior sensitivity over SPECT imaging. When a
coronary CTA is entirely normal, no further testing would be required. In case of proximal
and critical coronary stenoses, invasive coronary angiography would be indicated for possible
revascularization therapy. When CTA detects coronary lesions of uncertain significance,
SPECT imaging would be appropriate for further diagnostic assessment.

In patients with known disease (or likely having extensive coronary calcium) in whom risk-

stratification is needed, SPECT imaging would remain the initial fest.

If SPECT imaging has been performed as the initial test, further testing by CTA would be
indicated whenever discordant results are obtained. This includes patients with a strong
clinical suggestion of CAD after a normal or equivocal SPECT; patients with marked
discordance between SPECT and clinical or stress ECG; or patients with SPECT and stress
ECG results suggestive of left main or wiple-vessel CAD (e.g. transient ischaemic dilation,
post-stress LV dysfimetion, exercise hypotension with normal SPECT), with balanced
teduction of coronary flow in the LV. Coronary CTA can also be of use in patients with
suspected nonischaemic cardiomyopathy, patients with coronary anomalies, and young
patients undergoing valvular surgery.

Since rest/stress SPECT studies can be performed as routine in conjunction with coronary
CTA, SPECT/CT systems provide data about coronary calcium, coronary stenosis and
functional significance in one clinical setting, thus allowing more appropriate selection of
patients who may benefit from revascularization procedures [146]. A recent study with an
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experimental SPECT/CT scanner (16-MSCT) showed that integrated functional and anatomic
results improved specificity and positive predictive value to detect haemodynamically
significant CAD in patients with angina pectoris [141]. The sensitivity, specificity, positive
predictive value, and negative predictive value of CTA were 96%, 63%, 31%, and 99%,
respectively, as compared with 96%, 95%, 77%, and 99%, respectively, for SPECT/CT.
Patients and arterial segments excluded from the amalysis raised to 21% and 23%,
respectively. Another investigation described the incremental diagnostic value of integrating
SPECT/CT (64-MSCT) data through three-dimensional (3-D) image fusion on the functional
relevance of coronary artery lesions [140]. 3-D volume-rendered fused SPECT/CT images
were generated from patients with at least one perfusion defect on SPECT imaging, and
compared with the findings from the side by side analysis with regard to coronary lesion
interpretation by assigning the perfusion defects to their corresponding coronary lesion. In
addition to being tuitively convincing, 3-D SPECT/CT fusion images added significant
information on pathophysiological lesion severity in 22% of coronary stenoses of 29% of
patients. Among equivocal lesions on side by side analysis, the fused interpretation confinmed
haemodynamic significance in 35% of lesions and excluded functional relevance i 25% of
lesions. In 7.5% of lesions, assignment of perfusion defect and coronary lesion appeared to be
reliable on side by side analysis but proved to be inaccurate on fused interpretation. Added
diagnostic information by SPECT/CT was more commonly found in patients with stenoses of
small vessels and involvement of diagonal branches.

3.15. Pulmonary artery imaging in pulmonary embolism

Pulmonary embolism (PE) is one of the greatest diagnostic challenges in emergency
medicine. It should be suspected in any patient with unexplained dyspnea, tachypnea, or chest
pain. A negative D-dimer assay reliably excludes PE in low-nisk patients. Otherwise,
pulmonary CT angiography is now considered by several authors to be the initial imaging
study of choice for stable patients. Nevertheless, ventilation/perfusion (V/Q) scans or even
perfusion scintigraphy alone (as in the PISA-PED approach [147-152]) still retain a
considerable diagnostic accuracy and are valid alternatives to pulmonary CT angiography, in
particular when CT is not available, or in patients with contraindications to CT scamming or
intravenous contrast.

The results of the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED)
study established the diagnostic criteria of V/Q scanning for the diagnosis of PE, as compared
with pulmonary angiography [153]. The interpretation ranges from normal to high
probability, each with its own diagnostic characteristics. However, more than 60% of patients
fell into the low and imtermediate probability (or non-diagnostic category), and there was a
4% incidence of PE when the scan was read as normal. Similadly troubling, high probability
scans were associated with a 12% false positive rate [153]. Therefore, it is recommended to
consider patients with low-to-moderate pretest probability and a nommal V/Q scan as not
having a significant PE. Nevertheless, if the same patients have a non-diagnostic V/Q scan,
the tecommendation is that, in order to exclude significant PE without going to pulmonary
angiogram, the patient must have a negative whole blood D-dimer, negative bilateral
ultrasound in low probability group, or negative serial bilateral ultrasound for the moderate
probability group. In patients with high pretest probability a normal V/Q scan can only rule
out PE if the patient has a normal chest X ray and no baseline cardiopulmonary disease.
Otherwise, the patient must go on to CT angiography.

Because of the high number of indeterminate studies using V/Q scanning [153], pulmonary
CT angiography (PCTA) is becoming the initial diagnostic test for PE for stable patients with

-
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no signs and symptoms of deep venous thrombosis. PCTA with 100 ml of iodinated contrast
medium and dedicated imaging procedures and protocols can directly visualize
thromboembolic filling defects as well as pleural effusions, vascular remodelling, and
oligoemia, any of which may be present with PE [154]. In addition, PCTA may reveal
alternative diagnoses, such as pneumonia, aortic dissection, tumour or pneumothorax that in
the absence of PE may yield a previously unsuspected reason for symptoms mimicking PE
[155]. Current multi-slice CT scanners can image the entire pulmonary vasculature in one
breath-hold, allowing 1 mm to sub-millimeter resolution, and the data can be fransformed into
2-D and 3-D reconstructed images. Such procedure can significantly incrense the detection of
‘clinically significant’ subsegmental thrombi and evaluate pulmenary vasculature down to 6"
order branches [156—158].

The PIOPED 11 study [159] recently reported the high accuracy of multi-slice CT scanners for
the diagnosis of PE, with 83% seusitivity, 96% specificity, 95%, 89% and 60% negative
predictive values, as well as 96%, 92% and 58% positive predictive values, respectively for
high, intermediate, and low clinical probability groups. These data support the use of PCTA
for suspected PE as a stand-alone imaging technique in most patients. However, the false
negative rate of 17% should be noted. The most likely explanation for this is that multi-slice
CT scanners (mainly 4 slice) still miss small, peripheral subsegmental clofs that are better
detected by V/P scanning or by classic pulmonary angiography. Therefore, clinicians should
be cautious with results that are discordant with their clinical judgment, particularly in front of
anormal PCTA in a patient with a high clinical probability of PE [160].

While the clinical significance and treatment requirements of small, peripheral subsegmental
thrombi ate controversial [161], image fusion of SPECT V/QQ and PCTA has demonstrated 1o
be feasible. A recent investigation in 30 consecutive patients who underwent both imaging
studies during their admission for investigation of potential PE reported good accuracy of co-
registered images as determined subjectively by correlation of the anatomical boundaries and
co-existent pleuro-parenchymal abnormalities [160]. Nine patients who had positive PCTA
performed as an inifial investigation had co-localized perfusion defects on the subsequent
fused PCTA/SPECT images. Three of the 11 V/Q scans initially reported as intermediate
probability could be reinterpreted as low probability owing to co-localization of defects with
parenchymal or pleural pathology [162]. Thetefore, the introduction of SPECT/CT hybrid
systems will probably provide a single diagnostic tool that will overcome limitations of each
imaging modality separately.

4. ADVANTAGES OF UTILIZING SPECT/CT
4.1. Anatomical accuracy of image registration in SPECT/CT hybrid imaging

Image registration is defined as the transfer of two image data sets info one common
coordinate system. [t may be mono or bimodal, i.e. between images acquired by one single
modality or by two different modalities. Depending on the nature of the transformations used,
rigid or non-rigid approaches can be used for this purpose, the former allowing for non-linear,
‘plastic’ deformation of the image data sets. A further distinction can be made between
software based registration of data sets acquired independently one from each other by two
different imaging devices and hardware based registration where the two data sefs are
obtained by hybrid equipment in a single imaging session.
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In the past decade, the clinical impact of interactive software based registration between
SPECT and CT data has received some attention in the literature [163, 164]. In particular, it
has been tepeatedly demonstrated that patient management may benefit significantly from the
integration of functional and morphological data.

One major drawback of software based image fusion is logistic in nature: in the daily clinical
routine of many institutions, image data sets from different modalities can be exchanged
between different departments only with some difficulty. Although the implementation of
hospital-embracing picture-archiving systems should overcome these difficulties, software
based registration suffers from anatomical inaccutacies stemming from different positioning
of the patient in the two separate imaging devices as well as by difficulties in identifying
landmarks common to both data sets to be registered. In addition, the more specific a
radiopharmaceutical is for a certain tissue, the poorer images of its distribution are with regard
to anatomical detail, and the more difficult software based registration becomes.

These limitations are greatly reduced in hardware based registration that should therefore
offer a higher anatomical accuracy of image fusion, as it obviously emerges when reviewing
articles investigating the quality of alignment between [IKF]FDG-PE'I' and CT. In these
studies, anatomical accuracy of fusion is usually quantified by determining the average
distance between landmarks or lesions identifiable on both images. This distance ranges
between 4 and 12 mm for software based fusion of PET and CT images [165-169], but is
teduced 3-5 mm for PET/CT hybrid scanning [168, 169], thus confirming the assumption of a
higher anatomical accuracy for hybrid imaging.

Nevertheless, similar data for registration between SPECT and CT images are scarce, Féster
et al. studied the accuracy of software based fusion between My octreotide SPECT and
multi-row CT in a small group of patients [44]. They reported anatomical inaccuracies in the
range of 7 mm, similar to those determined for fusion between PET and CT. Nomayr et al.
reported a much higher accuracy of image fusion for SPECT/CT hybrid imaging of the lower
lumbar spine [170]. In their study, misalignment ranged between 0.7-1.8 mm, smaller than
pixel width in the SPECT images. Notably, software based registration performed on the data
sets acquired by SPECT/CT could still significantly improve these results and bring
misalignment down to values averaging 1 mm. However, their results cannot be extrapolated
to regions of the human body involved in respiratory movements affecting SPECT and Cr
images to a different degree.

The development of hybrid imaging devices witnessed in the last decade marks a new trend in
medical imaging involving the registration and fusion of all image data sets of one individual
patient using the same computer platform. Current available data has already proven a major
clinical impact of this approach, which is also expected to increase cost effectiveness. The
field will be driven by the development of new hybrid imaging devices, but also by significant
improvements of software based image fusion. Future medical imaging departments will offer
a multimodal environment integrating both hybrid imaging and software based image fusion
into the daily elinieal routine.

4.2. The effeets of CT based attenuation correction of SPECT image data sets and
potential future applications

Attenuation artefacts considerably degrade the quality of SPECT images, and also hamper

accurate quantification of tracer accumulation in specific volumes of interest. Various
methods of attennation correction have been proposed [171, 172], to be further subdivided
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into those with and those without transmission measutements. The latter calculate tissue
attenuation coefficients on the basis of an assumption of their distribution in the body segment
examined, using various methods to determine the body outline. This approach is widely used
in studies of brain perfusion, since it is generally assumed that attenuation is homogeneous
within the skull.

This assumption does not hold valid for the abdomen or the chest, since these body segments
contain tissues with variable attenuation coefficients. Radionuclide transimission scanning has
been used to derive maps of abdominal and thoracic attenuation coefficients. However, it has
been repeatedly shown that this approach can introduce artefacts that may be difficult to
identify [173]. Another major problem inherent to this approach is the low activity of the
radioactive sources used for this purpose, leading either to long acquisition fimes ot to
attenuation maps with poor quality due to low counting statistics.

This problem is overcome by employing CT data to correct SPECT data for tissue
attenuation. A study investigating the visualization of radioactivity in a heart phantom has
indeed shown that this variable is homogenized by CT based attenuation correction [174].
Recently, Pricke et al. have demonstrated that the concordance between PET and SPECT
studies of myoeardial perfusion was improved after nsing CT based attenuation correction for
the SPECT data [175). Similar results have been reported for skeletal SPECT [176].

Nevertheless, the clinical impact of CT based attenuation correction for SPECT imaging is
currently unclear. In a multi-centre trial, Masood et al. demonstrated a moderate, but
statistically significant increase in the accuracy of diagnosis of coronary artery disease for
myocardial perfusion SPECT [174]. Shiraishi et al. reported a significantly higher accuracy
for attennation-corrected 22" TI-SPECT in staging lung cancer compared to the non-attenuation
studies [177). Likewise, improved identification of sentinel lymph nodes has been shown with
the use of attenuation correction [60].

When using CT based attenuation cotrection for SPECT data, one should be aware of possible
artefacts caused by misalignment between SPECT and CT data sets (see above). Figure 15
demonstiates such an artefact in a phantom simulation. In myocardial perfusion SPECT, a
7 mm misalignment between emission and transmission data, corresponding to the width of
one pixel in that study, was shown to produce a 15% change in relative regional activity
[178]. Similar data have been published for CT based attenuation coirection in myocardial
SPECT [179] and a method for automated control for misalignment between CT and SPECT
has been proposed [180]. In skeletal SPECT, misalignment of the CT by 1 cm was shown 1o
change even the visualization of symmetry of uptake [176]. Therefore, the anatomical
accuracy of fusion should be carefully checked before applying CT based attenuation
correction.

Aftenuation correction of SPECT data constitutes an important step in the development of
truly quantitative SPECT, which may improve dosimetric estimates of molecular
radiotherapy. More sophisticated phantom studies are needed to better understand variability
related to different photon energies. However, for accurate SPECT, quantitation issues related
to scatter and partial volume artefacts need to be overcome. In particular, the correction of the
latter could also capitalize on the use of CT images aligned to SPECT. Therefore, the new
hybrid systems will stirulate research work also along that avenve.

34

129



g

> ipem— gy i
e
| BT A 0 —‘i
e
__._5._"; i : _ii“ . i
s S
&
i o
i :"'r; ‘\»
e Aammee— ___.;.,I._.______{
7 =

FIG. 15. Transversal SPECT images of two rods in a phantom filled with "nTe () without (NAC) and
(b) with attenuation correction (AC): attenuation correction homogenizes the visualization of activity
in the homogeneously filled rods; (c) a C1 misalignment by 1 em in X-direction (ACX) produces a
significant artefact in the visualization of activity. The curves are profiles from lefi to right Jor the rod
Sfilled with the lower activity concentration in NAC, AC, and ACX (from TKL31; with permission).

4.3. Additional information or diagnosis from CT

With continuous higher-speed and thinner sliced CT, small lung lesions (less than 1 cm in
diameter) showing interval increase in size may often be detected. Small non-specific lymph
nodes, low-density hepatic or renal lesion, and osteolytic or osteoblastic lesion with interval
increase in size are also incidentally identified. These lesions are generally beyond the
resolution of our current SPECT or PET system and may require further short term follow-up
studies to confirm/exclude the diagnosis of new metastases.

4.4. Use of SPECT/CT data for estimating internal radiation dosimetry

As will be better detailed in the next section, the radiation dose is energy absorbed per unit of
mass. Accurate dosimetric estimates are extremely eritical in radiometabolic therapy, both for
calculating radiation dose to the target organ/tissue (generally tumour, but also non-tumour
lesions such as hyperfunctioning thyroid parenchyma) and for defining dose-limiting
toxicities to normal organs/tissues with high physiologic accumulation of radioactivity (e.g.
bone marrow, kidneys). It is well known that internal dosimetry estimates are burdened by a
significant degree of estimation regarding absolute concentration of radioactivity in a given
organ/tissue, and represent therefore only rough approximations with variabilities that can be
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as high as 50% or even 100%. Part of this variability is due to the fact that bio-distribution
data are usually derived from planar imaging (such as conjugated-view whole body scans),
and a-priori models and assumptions on the organ shapes/sizes are employed for the
radiodosimetric analysis. Also stand-alone SPECT entails some unwarranted assumptions,
since standard factors are usually applied for attenuation correction. In this regard, SPECT/CT
certainly holds the promise for developing more accurate approaches to internal radiation
dosimetry estimates, since the CT component of the study enables correct attenuation of the
emission map specifically in each single patient.

Few reports have been published on this important application of SPECT/CT. Boucek and
Tumer employed SPECT/CT data to estimate bone marrow dosimetry following the
administration of '1 labelled anti-CD20-monoclonal antibody (rituximab) in patients with
non-Hodgkin’s lymphoma. These patients are usually heavily pretreated with chemotherapy,
and myelosuppression is the dose-limiting toxicity. The authors demonstrated a statistically
significant correlation (p = 0.001) between whole body effective half-life of the radiolabelled
antibody and effective mamrow halflife. They also found that bone marrow activity
concentration was proportional to administered activity per unit weight, height or body
surface area (p < 0.001). In their experience, SPECT/CT enabled accurate quantification of
activity accumnulations and thus validated patient-specific prospective dosimetric estimates
methods [181].

SPECT/CT has also been advocated for the quantification of radiation doses delivered during
radiometabolic therapy with BILMIBG, using CT based tumour volume-of-interest [23].
Although based on a single patient, Song et al. have demonstrated that patient-specific 3-D
dosimetry based on SPECT/CT is feasible and important in the dosimetry of thyroid cancer
patients with radioiodine-avid lung metastases and prolenged retention in the lungs. In their
opinion, this procedure could constitute the breakthrough for rationally planning radionuclide
therapy in patients with thyroid cancer [182].

A prefiminary report from the Pisa group deseribed a novel SPECT/CT based approach to
caleulate attenuation- and scatter-corrected dosimetry to the bone marrow and to tumour
lesions following the administration of '**Sm-EDTMP for palliation of bone pain in patients
with hommone-refractory metastatic prostate cancer [183]. The system was phantom-calibrated
for tissue densities, and the CT images were utilized to identify bone structures, Dedicated
software was developed for automatic edge recognition of skeletal uptake, which was
corrected for attenuation and scatter. An S-value matrix was then derived from the attenuation
map voxel-by-voxel for each individual patient (rather than pixel-by-pixel as in conventional
evaluations) (Fig. 16). It was foimd that the conventional approach based on planar imaging
and standard-factor cotrections overestimated dose to bone marrow by an average 67% versus
the SPECT/CT method. The new SPECT/CT based method therefore opens the perspective of
calculating radiation dose to the bone marrow and to skeletal lesions (or other sites), and

therefore to correlate dosimetry to lesions with efficacy of therapy (bone palliation, or true

anti-tummour effect [184]).
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(A)

(=14

(B)

FIG. 16. Sequential steps in the elaboration of the SPECT/CT images obtained after administration of
133Sm-EDTMP given for bone pain palliation purposes in a patient with hormone-refractory prostate
cancer. (A) Outline of skeletal uptake of the bone-seeking radiopharmaceutical as derived from an
automatic edge-recognition sofiware applied on the planar 24 h whole body scan (left panel). The
right panel shows the CT density-reconstructed map acquired at the pelvis. (B) Reconstructed SPECT
map (left panel} and tonography of the 3-D dosimetry map in Gy (right panel).

4.5. Radiation dose of CT from SPECT/CT

The radiation absorbed dose delivered to the patient from the use of CT in SPECT/CT study 1s
difficult to measure because of many factots involved, but the CT Dose Index (CTDI) based
on scan parameters can be calculated, and represents an index of radiation dose to a standard
phantom. The CT scanners generally provide an X ray tube cuirent modulation function that
makes uniform image quality and dose for various patient sizes [185]. The system will
awtomatically increase or decrease the tube current (mA) when the user selects a reference
effective mA in response to changes in diameter or tissue density of the patient. The effective
mA includes the tube current, rotation speed, and piteh used for the scan. The user-selected
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scan parameters that affect patient dose in CT examinations are effective mA, kVp, detector
collimation setting (affecting the width of the radiation beam in table-travel direction), beam-
shaping filter associated with the scan type (body or head), and number of scans over the
same section of the body. If the dose distribution from the centre to the edge of the phantom
as well as the pitch used in the scan is taken into account, a term called CTDIvol can be used
to represent the dose index to the volume of the phantom. The radiation dose is energy
absorbed per unit mass. The CTDIvol associated with a single CT scan covering one SPECT
bed position is the same as the CTDIvol for a CT scan covering two non-overlapped SPECT
bed positions if the same CT scan parameters are used. However, there is a factor of two
variation in the radiation risk to the patient between these two cases. The CTDIvel in milli-
Gray (mGy) is multiplied by the length of the CT scan in em, to yield the dose-length product
(DLP). Once the DLP is determined, an effective dose can be estimated using conversion
factors for the relative radiosensitivity of the organs within the range of the scan. Some CT
scanners save the CDTlvol and DLP values for a specific patient scan at the end of the
examination, If there are multiple CT scans of the same region of the patient, each scan adds
to the radiation dose and risk.

The effective dose and CTDIvol values from typical CT scans to the chest and abdomen have
been caleulated [186], and they are 4 mSv and 8 mGy, respectively. The value to the head and
neck are 4 mSv and 10-20 mGy, respectively. These doses are for one SPECT bed position,
relating to a 39 em CT scan length, acquired using a fixed technique at the reference mA.
Doses can be scaled linearly with the actual scan effective mA for the patient study. In case of
a CT for a two-bed SPECT/CT, the appropriate effective dose values are added together. A
planning CT view is obtained prior to determining the scan extent and location with low
{about 20) mA for the postero-anterior projection and with the beam direction such that the
beam enters the table prior to passing through the patient. These measures ensure an adequate
planning view with the lowest dose to the patient, which is about the same as for a single view
of the chest X ray.

5. FURTHER DEVELOPMENT OF SPECT/CT WITH NEW
RADIOPHARMACEUTICALS

There is a continnous interest to label biologically important drugs or agents with easily
available and cheaper isotopes than PET tracers, such as 9mpe Jabelled tracers (Table 1) for
SPECT/CT to diagnose, differentiate, and stage cancers and also to evaluate as well as to
predict therapeutic responses. L,L-ethylenedicystein, the most successful example of NoS,
chelates, can be labelled with *™Tc with high radiochemical purity, and the preparation
remains stable for several hours [187]. Reliable molecular imaging that: assesses cellular
targets at low cost, treatment response more rapidly, provides a good differential diagnosis,
predicts correctly therapeutic response and allows for better radiation dosimetry for internal
radiotherapy, would be very valuable.

6. CT TRAINING IMAGING FOR NUCLEAR PHYSICIANS AND
TECHNOLOGISTS

The Societies of Nuclear Medicine, Computed Body Tomography and Magnetic Resonance,
and the American College of Radiology have recently agreed that only properly trained
qualified physicians should interpret PET/CT images [189]. The issue of training nuclear
physicians to interpret the CT images produced by SPECT/CT devices is similar to that for
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PET/CT. n this regard, earning 100 hours of CT continuing medical education credits and
interpreting 500 CT cases under the supervision of qualified diagnostic radiologists were
recommended. The CT cases should include reasonable numbers of head and neck, chest,
abdomen and pelvis examinations. According to these recommendations, both radiology and
nuelear medicine residents are required to interpret SPECT/CT Images.

TABLE 1. SPECIFIC RADIOTRACERS [187, 188]

Character of cancer cells Compounds
P

. Te-deoxyglucose
Cellular growth 9T e
Hypoxia ¥ Te-metronidazole

9mc-endostatin
Angiogenesis #mTe-bevacizomab (against VEGF
receplor)

Apoptosis M Tg-amexin-V
Hormones 9m e -pstradiol

SPECT/CT and PET/CT present therefore similar practical issues regarding education,
training and certification of nuclear medicine technologists to become properly qualified and
competent to perform the CT portion of the study. The American Registry of Radiologic
Technologists has adapted its CT certification examination and has allowed certified or
registered nuclear medicine technologists who have met the required prerequisites to take this
examination.

Nevertheless, the choice of the optimal way to achieve adequate training for interpreting
multimodality imaging examinations will differ between countries owing to differences in
infrastructure and legislation. The European Association of Nuclear Medicine (EANM) and
the European Society of Radiology (ESR) have agreed to work together to produce a common
position paper regarding multimodality imaging systems [190, 191]. Both organizations
recognize the importance of coordinating working practices for multimodality imaging and
that undettaking the nuclear medicine and radiology components of imaging with hybrid
systems requires different skills. Training should be properly structured and comprehensive
and should be conducted in accredited training centres. It should incorporate the principles
and all modalities of both specialties to allow the trainee to acquire a full understanding of the
possibilities and difficulties of each technique and its medical background, and provide the
basis for participating in the evolution of multimodality imaging. Refresher type courses can
prepare for specific training or refresh knowledge, but cannot replace appropriate on sile
training. It is not acceptable for training to be focused on a single technique.

Three different training models have been proposed [190]:

o  Comprehensive training in both specialties, clinical radiology and nuclear medicine, in
those countries where it is possible for the individual to practice both specialties and
whete such dual specialty training can be obtained. Such training gives the trainee the
possibility of ultimately practicing in one or both of the specialties and of billing
appropriately. The duration of the entire training programme in both specialties would
most likely be neither politically nor economically acceptable in many European
countries.
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s  An adequate period of training in the other specialty in addition to full training in the
primary specialty. This model would facilitate acquisition by nuclear medicine
specialists or radiologists of the necessary training in the other specialty after having
completed full training in their primarily chosen specialty. Such adjusted additional
training programme should be defined to provide a broad foundation of knowledge in
the second specialty and should not be confined to a single technique such as CT or
SPECT or a single clinical application. For nuclear medicine specialists, besides
relevant radioprotection issues, training will include the physical principles and practical
clinieal skifls of CT imaging. For radiologists, besides relevant radioprotection issues,
training will include knowledge of radiopharmacy and radiotracer biokinetics and the
physical principles and practical skills of SPECT. Training needs not to include
therapeutic interventional radiology or radionuclide therapy. The core of the additional
training would be dedicated to hybrid imaging. For radiologists, part of the nuclear
medicine component should be undertaken during the fourth and fifth year of traming.
Maintenance of radiology skills during this time would be mandatory. For nuclear
medicine specialists, part of the radiology component should be undertaken during the
fourth and fifth years of training, Maintenance of nuclear medicine skills during this
time would be mandatory. The remaining part of the training would then be obtained
with an additional year fully dedicated to the second specialty, giving a total of 6 years’
training for both specialties. The exact duration of the training is subject to local
regulations, which may vary from country to country. Nonetheless, the general time
scale as outlined in this option should be considered as the model. Such additional
training will lead to a special competency certification.

e  DPotential future futegration of training: an incorporated training in nuclear medicine and
radiology taking the form of a cross-over or integrated training programme, where both
specialties agree and recognize a training curriculum which encompasses the principles
of all imaging modalities of both specialties. The curricula of both specialties would be
adapted to include knowledge of anatomy, cell biology, genetics and physiology as well
as the normal requirements of the physical basis of all imaging modalities and patient
safety.

Each country should establish a training schedule that cnsures the accomplishment of
appropriate education in both specialties, bearing in mind that this cannot be achieved by
merely performing a certain number of studies with one or the other technigue. Only thotough
training will give the necessary insight into anatomical and functional aspects of the various
modalities, their interpretation with respect to patient-tailored treatment and risk assessment,
and finally the firther development and refinement of multimodality imaging.

During the interim period while these training models are set up, the nuclear medicine
specialist would manage and report the nuclear medicine component of the examination and
the radiologist would manage and report the anatomical and pathological component, with
consultation between the two specialists to combine the data into a final diagnosis. Each
specialist would provide a report with regard to the part of the study that he/she is directly
responsible for. The benefit of this strategy is that those fully trained in the specific modalities
would interpret the images jointly, thus providing a high-quality result. At a practical level
this concept requires careful organization, cooperation and discussion between nuclear
medicine and clinical radiology specialists.
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7. REFERRAL CRITERIA FOR SPECT/CT

Local logistics and availability of different medical specialties dictate how diagnostic
algorithms are applied in the clinical routine when patients are referred for diagnosis and/or
characterization of their disease, and in particular to SPECT/CT. These examinations should
be performed  with the pumpose of, whenever possible, avoiding the use of invasive
procedures, when surgery is contemplated as part of treatment, or prior to adopting mini-
invasive approaches. Clearly, a combined imaging technique such as SPECT/CT provides all
the morpho-functional information enabling the surgeon to plan the surgical approach most
suited to the individual patient. Refemring clinicians have learned to regard radionuclide
studies as useful tests that may confirm a suspected clinical diagnosis and characterize disease
processes with information that can be relevant to treatment of the disease. This review has
been designed to provide a summary of a methodological radionuclide based approach,
SPECT/CT, a still evolving procedure with the final goal of enhancing diagnostic information
and guiding thetapy. It includes the methodology, analysis and estimation of usefulness of
these examinations with an emphasis on more recently published data. Based on this review
and on the experience accumulated by each centre represented in this panel of experts, referral
criteria for a SPECT/CT examination can briefly be summarized in the indications that
follow.

Indication to perform a SPECT/CT examination can be raised on primarily clinical ground.
Such indications include:

e High suspicion for active disease, or known structural pathology, as SPECT/CT may
localize multiple sites and define extent of disease;

e Planning treatment (medical, surgical, or radiation therapy);
» Monitoring response to treatment.

In some other cases, indication can also originate on the basis of data from previous anatomic
imaging, including situations such as:

o Abnormal structural findings of equivocal functional significance, either at diagnosis
or post-treatment;

o Absence of overt structural pathology in the presence of high clinical suspicion.

It is sometimes necessary to clarify inconclusive results of prior functional imaging (usuvally
planar scintigraphy), showing foci of increased radiotracer uptake of unclear localization and
elinical significance. Inconelusive scintigraphic studies can be due to tracer-related factors
(because of poor physical characteristics, high target-specificity with paucity of non-target
anatomic landmarks, physiologic bio-distribution with the lesion close to excretion sites).
Alteratively, inconclusive radionuclide imaging can be due to patient/disease-related factors,
such as complex regional anatomy or anatomic distortion post-treatment (surgical and/or
radiation therapy).

Finally, emphasis should be placed on the use of the CT component of a SPECT/CT
examination for correcting, on a patient-specific basis, the single photon emission data for
attenuation and scatter. This is crucial for proper estimation of radioactivity concentration in
specific organs/tissues on a volumetric basis.
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8. CONCLUDING REMARKS

In summary, a high quality SPECT/CT study requires a reliable, well functioning hybrid
scanner which has met aceeptance testing criteria and which is regulardy monitored for quality
of performance. The study must be designed to answer the specific question asked by the
referring physician, and the patient must be appropriately educated and compliant with the
prepatations for the scan, including fasting if so indicated. The technical staff must be well
frained to perform and monitor both components of the study according to a well defined
protocol. The acquisition and processing protocols must be carefully followed. The images
must be reviewed for technical and diagnostic quality before the patient leaves the
department. Finally, the images must be interpreted by skilled readers who are well aware of
the clinical history of the patient, using workstations that allow integrated viewing of the
functional and anatomic data. In this way, a high quality study will provide useful diagnostic
information for further clinical management and patient care. As the quality of SPECT/CT
devices improves, it is expected that new applications will emerge.

The impact on reader confidence and increased credibility with referring clinicians is an
important add-on feature for SPECT/CT. The concept of incremental confidence is difficult to
quantify. It is clear that evaluating the impact of combined SPECT/CT remains a subjective
process, While nuclear medicine physicians interpret a study, referring clinicians often remain
i1 doubt because of the difficulties visualizing the location of the finding on scintigraphy
alone. Cortelation with CT data through precise image registration makes the interpretation of
high signal-to-background functional images, combined with better anatomic information,
less dependant upon individual expertise. Thus, SPECT/CT results in more meaningful
communication with referring physicians, as the hybrid imaging study interpretation is more
credible to the elinician who is able to see the location of the functional, tracer-avid focus.
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Edward J. Miller, MD PhD

Yale SCHOOL OF MEDICINE  reriorcutun

Director, Cardiology Fellowship Program

Depa?"tme?’lf Of]ﬂfernaz Mf?dfc .\!.He Yale University School of Medicine

Section of Cardiovascular Medicine
PO Box 208017
Mew Haven, CT 06520-8017
December 1 . 2016 1 T (fellowship) 203 785-6484
T {clinical) 203 785-7191
F203-785-2715

edward.miller@yale.edu

RE: Letter of Support for Yale Nuclear Cardiology SPECT/CT
Certificate of Need (CON) Application

To Whom It May Concern:

As the Medical Director of the Yale-New Haven Hospital (YNHI) Nuclear Cardiology Laboratory,
[ am writing to express my enthusiastic and unequivocal support for our laboratory’s CON application
for the installation of a GE NM 640 SPECT/CT system at the YNHH Saint Raphael’s Campus. As
background, YNHH Nuclear Cardiology is a world-leading clinical nuclear cardiology laboratory, where
the field of nuclear cardiology has literally been developed and advanced from its start in the 1970’s.
We are a state-of-the art nuclear cardiology laboratory, with current equipment that includes traditional
wide field-of-view SPECT/CT, dedicated cardiac solid-state detector SPECT/CT, and 3-D PET/CT
equipment (shared with Radiology) at the York Street Campus. Since 2012, the oversight of the YNHH
nuelear cardiology laboratories at the York Strest Campus, Saint Raphael’s Campus, and Guilford,
North Haven, and Norwich outpatient locations has been consolidated.

Over the past 40 years, the YNHH Nuclear Cardiology Laboratory has been on the forefront of many

advances in nuclear cardiology, including:

e One of the first laboratories in the world to be accredited for nuclear cardiology by the
Intersocietal Accreditation Commission (IAC) in 1999, with 6 successful re-accreditations

« Development of the first of its kind quantitative nuclear cardiology reading software (Wackers-
Liu)

o Instrumental development of many novel clinical nuclear cardiology radiotracers (Tc99m
Sestabmibi, Tc99m Tetrofosmin, among others)

» Continuous clinical and translational research funding in the development of novel technologies,
equipment and clinical applications, including gated SPECT, gated ERNA, and quantitative FDG
imaging

« Five current or former Presidents of the American Society of Nuclear Cardiology have either
trained in or lead our laboratory

Over the past decade, it has become increasingly evident that the use of CT-based attenuation
correction for SPECT nuclear myoacardial perfusion imaging is the state of the art imaging technique in
the field. The benefits of CT attenuation correction (CTAC) for SPECT include improved specificity,
higher accuracy, and the ability to better define the burden of coronary artery disease. Our laboratory
has demonstrated the utility of CTAC to specifically show in published data that the addition of CTAC
imaging increases reader certainty (particularly in obese patients), reduces unnecessary coronary
angiography, and reduces downstream costs to patients and the health system (Patchett et al. JNC




2016). Therefore, it is our goal across the YNHH Health System to systemically replace our existing
SPECT equipment used for myocardial perfusion imaging to systems that incorporate CTAC.

We will begin this move towards SPECT/CT imaging across the health system by first replacing an
existing SPECT system (Siemens Symbia S) at the Saint Raphael’s Campus with a GE NM 640
SPECT/CT system. The GE NM 640 has a number of benefits. First of all, the CT system does not
allow for diagnostic quality CT imaging. This is due to the fact that the tube current on this system 1s
limited to 30 mA. Therefore, this CT system cannot be re-purposed for diagnostic Radiology CT use.
Second, this low-cnergy CT system does not require lead wall shielding, which means limited/no
significant room renovation costs for installation. Third, despite this low-dose imaging, it does provide
additive information on the presence of coronary artery discase and increased intetpretive certainty
(Patchett et al. INC 2016).

Neither of our two current SPECT systems at the YNHH Saint Raphael’s Campus have CT
attenuation correction. This has lead to documented reduced specificity of nuclear cardiology
myocardial perfusion imaging test results, leading to unnecessary invasive coronary angiography which
puts patients at risk of rare, but potentially life-threatening complications. In addition, as the YNHH
Saint Raphael’s Campus is now the Bariatric Surgery Center for YNHH Health System, the need for
pre-operative evaluation on obese patients is growing, and SPECT/CT imaging greatly benefits this
population. Therefore, we feel the implementation of this SPECT/CT system solely for nuclear
cardiology use at the YNITH Saint Raphael’s Campus will improve the overall specificity of myocardial
perfusion imaging in the New Haven Community, improve patient safety, add no cost to the test, and yet
reduce unnecessary medical expenditures.

Thank you for your consideration and please contact me with any questions about this request.

Sincerely,

RP7Z&

Edward J. Miller, MD PhD, FASNC
Director, Nuclear Cardiology
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Yale
NewHaven
Health

Financial Assistance Programs
Policies and Procedures

Service Area: YALE NEW HAVEN HEALTH SYSTEM POLICIES & PROCEDURES
Corporate Business

Services

Title: Financial Assistance Programs Policy

Date Approved: 09/20/2013 Approved by: Boards of Trustees
Senior Vice President, Finance

Date Effective: 09/20/2013 Date Reviewed/Revised: 01/21//2015,
09/30/2016

Distribution: MCN Policy Manager Policy Type (l or Il}: Type |

Supersedes:

Yale New Haven Hospital Financial Assistance Programs for Hospital Services (NC:F-4)
Bridgeport Hospital Financial Assistance Programs for Hospital Services (9-13)
Greenwich Hospital Overview of Financial Assistance Programs for Hospital Services

Purpose

Yale New Haven Health System (“YNHHS”) recognizes that patients may not be able to pay for
medically necessary health care without financial assistance. Consistent with its mission, YNHHS is
committed to assuring that the ability to pay will be considered carefully when setting amounts due
for emergency and other medically necessary hospital services.

In recognition of its role to help those in need of financial assistance, YNHHS has established the

Financial Assistance Programs (“FAP”) to assist with emergency and other medically necessary

care. The objectives of the FAP are to:

—  Specify all financial assistance available under the FAP;

—  Provide clear information regarding eligibility criteria, application requirements and the method
for applying for financial assistance under the FAP;

—  The basis for calculating amounts charged to FAP-eligible patients for emergency or other
medically necessary care; and

—  The YNHHS measures to widely publicize this FAP within the communities served by YNHHS.

Applicability
This policy applies to each licensed hospital affiliated with YNHHS, including Bridgeport Hospital,
Greenwich Hospital, and Yale-New Haven Hospital (each a “Hospital”}.

155



156

Policy
I. Scope and Provider List
A. Emergency and Other Medically Necessary Care. The FAP apply to emergency and

other medically necessary care, including inpatient and outpatient services, billed by a
Hospital. The FAP exclude: (a) private room or private duty nurses; (b) services that are
not medically necessary, such as elective cosmetic surgery; (c) other elective convenience
fees, such as television or telephone charges, and (d) other discounts or reductions in
charges not expressly described in this Policy.

B. Provider List. A list of providers who provide emergency and other medically hecessary
care at a Hospital can be found here: https://www.ynhhs.org/patient-care/billing-
insurance/financial-assistance.aspx. The list indicates if the provider is covered under the
FAP. If the provider is not covered under this policy, patients should contact the provider's
office to determine if the provider offers financial assistance and if so what the provider’s
financial assistance paolicy covers.

Il. Financial Assistance Programs and Eligibility

Financial assistance is available to individuals who are residents of the United States of America,
or citizens of the Unites States residing abroad, who complete a financial assistance application
and meet the additional eligibility requirements described below.

A. Free Care. The Free Care program provides care at no cost to Hospital patients with gross
annual family income less than or equal to 250% of the Federal Poverty Guidelines (see
Attachment 1), and who have applied for, and been approved or receive a valid denial
within the last six months, for State medical assistance.

In addition, YNHHS employs a third party screening tool to assist in identifying individuals
with self-pay balances who have not applied for financial assistance, but who have incomes
less than or equal to 250% of the Federal Poverty Level (i.e., eligible for free care). If a
patient is identified through this process outstanding hospital balances may be adjusted to
charity (free) care.

B. Discounted Care. If a patient’s gross annual family income is over 250% of the Federal
Poverty Level, and the patient is uninsured, the Hospital will discount care to the Hospital's
AGB (as defined in Section 1l below and on Attachment 1 hereto).

C. Restricted Bed Funds. You may be eligible to receive restricted bed funds, which are
funds that have been donated to the Hospital to provide free or discounted care to
individuals who meet the individual fund criteria. There are no specific income limits for
receipt of restricted bed funds. Eligibility is determined on a case-by-case basis by the fund
nominators based on financial hardship. All patients who fill out the YNHHS financial
assistance application will automatically be considered for restricted bed funds.

D. Other Hospital-Specific Financial Assistance programs:

_ Yale New Haven Hospital Me & My Baby Program. This program is available to Yale
New Haven Hospital patients. It provides prenatal, labor and delivery services, and some
post-partum care free of charge. You may be eligible if you live in New Haven County, do
not have any type of health insurance and your family earns less than 2 % times the
Federal Poverty Level. For more information or to request an application, see our
representatives at the Yale New Haven Hospital Women's Center or call 203-688-5470.
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_ Greenwich Hospital Outpatient Clinic provides free or discounted care to individuals
who apply for and are approved for clinic membership. You may be eligible for clinic
membership if you do not have insurance, are not eligible for State Assistance
(Medicaid), are a Greenwich resident and have family income less than 4 times the
Federal Poverty Level. For more information or to obtain an application please call 203-
863-3334.

lll. Limitation on Charges - Amounts Billed to FAP-Eligible Patients

Where there is an award of financial assistance that does not cover 100% of YNHHS charges for
the service, the amounts charged to patients eligible for financial assistance under this Policy will
not be more than the amount a Hospital generally bills patients who have insurance coverage for
such care (‘“AGB"). YNHHS calculates AGB annually by Hospital using the “look back method” and
based on Medicare fee-for-service rates, including Medicare beneficiary cost-sharing amounts and
all private health insurers that pay claims to each Hospital facility for the prior Fiscal Year. YNHHS
may apply the percentage discount by Hospital, or may elect to use the percentage discount most
favorable to YNHHS patients. AGB is set forth on Attachment | hereto.

As used herein, the “amount generally billed” and “look back method” have the meanings set forth
in Internal Revenue Code §501(r)(5) and1.501(r)-5.

IV. Method of Applying for Assistance

To be eligible for financial assistance, the patient must complete an application for financial
assistance (“Application”). The Application sets forth (i) FAP available programs and eligibility
requirements, (i) the documentation requirements for determinations of eligibility, and (jii) the
contact information for FAP assistance. The Application also specifies (i) that the Hospital will
respond to each Application in writing, (i) that patients may re-apply for FAP at any time, and (iii)
that additional free bed funds become available every year.

Hospitals may not deny financial assistance under the FAP based on failure to provide information
or documents that the FAP or the Application do not require as part of the Application.

YNHHS Hospitals make reasonable efforts to determine eligibility and document any
determinations of financial assistance eligibility in the applicable patient accounts. Reasonable
efforts include suspending any extraordinary collection action to obtain payment for the care,
making a determination as to whether the individual is FAP-eligible for the care and notifying
him/her in writing of the eligibility determination, including, if applicable, the assistance for which the
individual is eligible, and the basis for this determination.

Once Hospital identifies a patient is FAP-eligible, Hospital shall:

(i) Provide a billing statement indicating amount the individual owes as a FAP-eligible patient,
including how the amount was determined and states, or describes how the individual can
get information regarding the AGB for the care;

(i) Refund to the individual any amount he or she has paid for the care that exceeds the
amount he or she is determined to be personally responsible for paying as a FAP-eligible
individual, unless such excess amount is less than $5, or such other amount set by the IRS;
and

(iii)  Take reasonable measures to reverse any extraordinary collection actions.
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V. Non-Payment — Legal Action

A Hospital (and any collection agency or other party to which it has referred debt) shall not engage
in any extraordinary collection action (‘ECA”) before making reasonable efforts to determine if a
patient or any other individual having financial responsibllity for a self-pay account (Responsible
Individual(s)) eligible for financial assistance under this FAP. Any ECA must be approved by the
Vice President of Corporate Business Services or his designee(s), prior to the initiation of any ECA.

The Hospital will follow its A/R billing cycle in accordance with internal operational processes and
practices. As part of such processes and practices, the Hospital will, at a minimum, notify patients
about its FAP from the date care is provided and throughout the A/R billing cycle (or during such
period as is required by law, whichever is longer) by:

1. All patients will be offered a plain language summary and an application form for financial
assistance under the FAP as part of the discharge or intake process from a Hospital.

2. At least three separate statements for collection of self-pay accounts shall be mailed or
emailed to the last known address of the patient and any other Responsible Individual(s);
provided, however, that no additional statements nead be sent after a Responsible
Individual(s) submits a complete application for financial assistance under the FAP or has
paid in-full. At least 60 days shall have elapsed between the first and last of the required
three mailings. It is the Responsible Individual(s) obligation to provide a correct mailing
address at the time of service or upon moving. If an account does not have a valid address,
the determination for "Reasonable Effort” will have been made. All single patient account
statements of self-pay accounts will include but not limited to:

a. An accurate summary of the hospital services covered by the statement;

b. The charges for such services;

¢. The amount required to be paid by the Responsible Individual(s) (or, if such amount
is not known, a good faith estimate of such amount as of the date of the initial
statement); and

d. A conspicuous written notice that notifies and informs the Responsible Individual(s)
about the availability of financial assistance under the FAP including the telephone
number of the department and direct website address where copies of documents
may be obtained.

3 At least one of the statements mailed or emailed will include written notice that informs the
Responsible Individual(s) about the ECAs that are intended to be taken if the Responsible
Individual(s) does not apply for financial assistance under-the FAP or pay the amount due
by the billing deadline. Such statement must be provided to the Responsible Individual(s) at
least 30 days before the deadline specified in the statement. A plain language summary will
accompany this statement. It is the Responsible Individual(s) obligation to provide a correct
mailing address at the time of service or upon moving. If an account does not have a valid

‘address, the determination for "Reasonable Effort” will have been made.

4. Prior to initiation of any ECA, an oral attempt will be made to contact Responsible
Individual(s) by telephone at the last known telephone number, if any, at least once during
the series of mailed or emailed statements if the account remains unpaid. During all
conversations, the patient or Responsible Individual(s) will be informed about the financial
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assistance that may be available under the FAP.

5. Subject to compliance with the provisions of this policy, a YNHHS Hospital may take
Extraordinary Collection Actions as set forth in Attachment | of this Policy, to obtain payment
for medical services provided.

VI. Policy Availability

Contact Corporate Business Services toll free at 855- 547-4584 for information regarding eligibility
or the programs that may be available to you, to request a copy of the FAP, FAP application form,
or Billing and Collection Policy to be mailed to you, or if you need a copy of the FAP, plain
language summary, or FAP application form translated to a language other than English. Further,
patients may ask Patient Registration, Patient Financial Services and Social Work/Case
Management about initiating the FAP application process.

Copies of the FAP, a plain language summary of the FAP and FAP application is available at
https://www.ynhhs.org/billing-insurance.aspx.

Each Hospital makes avallable copies of the FAP, a plain language summary of the FAP and FAP
application on request, free of charge, by mail or in the Hospital Emergency Department and at all
points of registration in paper form in English and the primary language of any population with
limited English proficiency that constitutes 5% or more of the population the Hospital serves. See
Attachment 3 for a list of languages.

Further efforts to widely publicize the FAP include publishing notices in newspapers of general
circulation; providing written notice of FAP in all billing statements; providing notice of FAP in all
oral communications with patients regarding the amount due; and holding open houses and other
informational sessions.

VIl. Management Oversight Committee

The FAP will be overseen by a management oversight committee chaired by a Senior Vice
President, YNHHS and comprised of representatives from Corporate Business Services, patient
financial services, patient relations, finance, and the medical staff, as necessary. This committee
will meet on a monthly basis.

References
— Internal Revenue Code 501(c)(3)
— Internal Revenue Code 501(r)
—  Conn. Gen. Stat. § 19a-673 et seq.

Related Policies
— YNHHS Billing and Collections Policy (xx)
—  Yale-New Haven Hospital Policy — Distribution of Free Care Funds NC:F-2
—  Bridgeport Hospital Policy for Free Care Funds (9-14)
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250% of the Federal Poverty Guidelines (FPG):

Family size:

[ap ) N — & I LW B

*Add $10,400 for each additional family member

Amounts Generally Billed (AGB):

Maximum Income:
$29,700
$40,0580
$50,400
$60,750
$71,100
$81,450

Patients eligible for financial assistance under this Policy will receive assistance according to

the following:

Annual Family Income

Amount of Discount
% of Charges

Patient Pays
% of Charges

< gr = 250% FPG

100%

0

> 250% FPG

69%

31%*

“For calendar year 2016, AGB (% of charges: BH 68%, GH 68%, YNHH 67%. Financial
assistance under the discounted care program across all Hospitals is 69%..
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Extraordinary Collection Actions:

Property Liens.

Liens on personal residences are permitted only if.

()

(i)

(iv)

V)

The patient has had an opportunity to apply for free bed funds and has either failed
to respond, refused, or been found ineligible for such funds;

The patient has not applied or qualified for other financial assistance under the
Hospital’s Financial Assistance Policy, to assist in the payment of his/her debt, or
has qualified, in part, but has not paid his/her responsible part;

The patient has not attempted to make or agreed fo a payment arrangement, or is
not complying with payment arrangements that have been agreed to by the Hospital
and patient;

The aggregate of account balances is over $10,000 and the property(ies) to be
made subject to the lien are at least $300,000 in assessed value; and

The lien will not result in a foreclosure on a personal residence.
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Limited English Proficiency
Languages

Albanian
Arabic
Simplified
Chinese
French
French Creole
(Haitian Creole)
German
Greek
Hindi
Jtalian
Japanese
Korean
Pashto
Persian Dari
Persian Farsi
Polish
Portuguese
Portuguese
Creole
(Cape Verdean)
Russian
Spanish
Swahili
Tagalog
Tigrinya
Turkish
Vietnamese
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AUDITED FINANCIALS



YALE-NEW HAVEN HOSPITAL AND SUBSIDIARIES

Consolidated Financial Statements
and Supplementary Information

September 30, 2015 and 2014

(With Independent Auditors’ Report Thereon)
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hconic

KPMG LLP
345 Park Avenue
New York, NY 10154-0102

Independent Auditors’ Report

The Board of Trustees
Yale-New Haven Hospital and Subsidiaries:

We have audited the accompanying consolidated financial statements of Yale-New Haven Hospital and
Subsidiaries, which comprise the consolidated balance sheets as of September 30, 2015, and the related
consolidated statements of operations and changes in net assets and cash flows for the year then ended, and
the related notes to the consolidated financial statements.

Muanagement’s Responsibility for the Financial Statements

Management is responsible for the preparation and fair presentation of these financial statements in
conformity with U.S. generally accepted accounting principles; this includes the design, implementation,
and maintenance of internal control relevant to the preparation and fair presentation of financial statements
that are free from material misstatement, whether due to fraud or error.

Auditors’ Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We conducted
our audit in accordance with auditing standards generally accepted in the United States of America. Those
standards require that we plan and perform the audit to obtain reasonable assurance about whether the
financial statements are free from material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the
financial statements, The procedures selected depend on the auditors’ judgment, including the assessment
of the risks of material misstatement of the financial statements, whether due to fraud or error. In making
those risk assessments, the auditor considers internal control relevant to the entity’s preparation and fair
presentation of the financial statements in order to design audit procedures that are appropriate in the
circumstances, but not Tor the purpose of expressing an opinion on the effectiveness of the entity’s internal
control. Accordingly, we express no such opinion. An audit also includes evaluating the appropriateness of
accounting policies used and the reasonableness of significant accounting estimates made by management,
as well as evaluating the overall presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for our
andit opinion.

Opinion

Tn our opinion, the 2015 consolidated financial statements referred to above present fairly, in all material
respects, the consolidated financial position of Yale-New Haven Hospital and Subsidiaries as of
September 30, 2015, and the consolidated results of their operations and their cash flows for the year then
ended in accordance with U.S. generally accepted accounting principles.

KPME LLP i: a Delaware limiled Habily parinership,
the U5 mamber im of KFMG Intemational Cooperative
("KPMG Intemational”], 2 Swiss entity,



Other Matfers

The accompanying consolidated financial statements of Yale-New Haven Hospital and Subsidiaries as of
and for the year ended September 30, 2014 were audited by other auditors whose report thereon dated
December 23, 2014, expressed an unmodified opinion on those consolidated financial statements.

Our audit was performed for the purpose of forming an opinion on the 2015 consolidated financial
statements as a whole. The accompanying consolidating balance sheet and consolidating statement of
operations and changes in net assets are presented for purposes of additional analysis and are not a required
part of the consolidated financial statements. Such information is the responsibility of management and
was derived from and relates directly to the underlying accounting and other records used to prepare the
consolidated financial statements. The information has been subjected to the auditing procedures applied in
the audit of the consolidated financial statements and certain additional procedures, including comparing
and reconciling such information directly to the underlying accounting and other records used to prepare
the consolidated financial statements or to the consolidated financial statements themselves and other
additional procedures in accordance with auditing standards generally accepted in the United States of
America. In our opinion, the information is fairly stated in all material respects in relation fo the
consolidated financial statement as a whole.

KPMme LEP

December 23, 2013
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YALE-NEW HAVEN HOSPITAL AND SUBSIDIARIES
Consolidated Balance Sheets
September 30, 2015 and 2014
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(Tn thousands)
Assets 2015 2014
Current assets:
Cash and cash equivalents 5 103,628 69,250
Short-term investments 980,087 926,024
Accounts receivable for services 1o patients, less allowance for
uncollectible accounts of approximately $196,203,000 in 2015
and $171,491,000 in 2014 293,352 264,671
Other receivables 35,074 33,771
Professional liabilities insurance recoveries
receivable — current portion 19,852 18,968
Other current assets 75,554 72,597
Amounts on deposit with trustee in debt service fund 4,786 4,394
Total current assets 1,5812:5333 1,389,675
Assets limited as to use 96,888 124,869
Long-term investments 289,434 263,938
Deferred financing costs, less accumulated amortization 8,909 9,285
Professional liabilities insurance recoveries
receivable — noncurrent 57,025 49,433
Goodwill 44,774 44,818
Other assets 169,842 172,823
Property, plant and equipment:
Land and land improvements 50,200 42,308
Buildings and fixtures 1,158,500 1,151,698
Equipment 473,507 458,802
1,682,607 1,652,808
Less accumulated depreciation 817,100 754,130
865,507 898,678
Consfruction in progress 80,774 27,576
946,281 926,254
Total assets $ 3,125,486 2,981,095

See accompanying notes to consolidated financial statements.
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Liabilities and Net Assets 2015 2014
Current liabilities:
Accounts payable 3 150,298 153,601
Accrued expenses 202,062 181,555
Professional liabilities — current portion 19,852 18.968
Other current liabilities 59,087 36,290
Current portion capital lease obligation 2,003 2,963
Current portion of debt 8,083 7,626
Total current liabilities 441,385 401,003
Long-term debt, net of current portion 800,348 802,124
Long-term capital lease obligation, net of current portion 46,850 50,838
Accrued pension and postretirement benefit obligations 228,810 231.477
Professional liabilities — noncurrent 96,778 115,868
Other long-term liabilities 246,389 215,877
Deferred revenue 42,720 44,378
Total liabilities 1,903,280 1,861,565
Net assets:

Unrestricted 1,102,351 1,017,424
Temporarily restricted 70,941 64,318
Permanently restricted 46,886 35,906

Total Yale-New Haven Hospital and Subsidiaries
net assets 1,220,178 1,117,648
Noncontrolling interest 2,028 1,882
Total net assets including noncontrolling interest 1,222,206 1,119,530

Commitments and contingencies

Total liabilities and net assets $ 3,125,486 2,981,005
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YALE-NEW HAVEN HOSPITAL AND SUBSIDIARIES
Consolidated Statements of Operations and Changes in Net Assets
Years ended September 30, 2015 and 2014

(In thousands)
2015 2014
Operating revenue:
Net patient service revenue 3 2,540,863 2,448,983
Less provision for bad debts, net {50,382) (72,829)
Net patient service revenue, less provision for bad debts, net 2,490,481 2,376,154
Other revenue 64,677 60,453
Total operating revenue 2,555,158 2,436,607
Operating expenses.
Salaries and benefits 1,070,626 1,050,746
Supplies and other 1,214,194 1,096,590
Depreciation 120,235 124,012
Tnsurance 17,162 8,275
Interest 20,826 24,002
Total operating expenses 2,443,043 2,303,625
Income from operations 112,115 132,982
Nonoperating gains (losses), net:
Tncome from investments, donations and other, net 23,623 79,111
Change in fair value of swap, including counterparty payments (28,248) (16,357)
Loss on refunding of long-term debt — (32,631)
Excess of revenue over expenses, before noncontrolling
interest 107,490 163,105
Less income atfributable to noncontrolling interest (1,674) (2,320)
Excess of revenue over expenses 105,816 160,785
Other changes in unrestricted net assets:
Other changes in net assets (516) 135
Transfer to Yale-New Haven Health Services
Corporation — Mission Support (12,516) (14,042)
Transfer to Yale-New Haven Health Services Corporation e (25,000)
Net assets released from restrictions for purchases of fixed assets 4,515 1,502
Pension related changes other than net periodic benefit cost (12,372) (44,799)
Increase in unrestricted net assets $ 84,927 78,581




YALE-NEW HAVEN HOSPITAL AND SUBSIDIARIES

Consolidated Statements of Operations and Changes in Net Assets, Continued
Years ended September 30, 2015 and 2014

(In thousands)

Temporarily restricted net assets:
Income from investments
Net realized gains on investments
Change in net unrealized gains and losses on investments
Bequests and contributions
Net assets released from restrictions for
purchases of fixed assets
Net assets released from restrictions for free care
Net assets released from restrictions for operations
Net assets released from restrictions for clinical programs
Other

Tncrease in tempotarily restricted net assets

Permanently restricted net assets:
Bequests and contributions
Change in beneficial interest in perpetual trusts
Net assets released from restrictions for purchases of fixed assets

Increase in permanently restricted net assets

Noncontrolling interest:
Income atfributable to noncontrolling interest
Distributions to noncontrolling interest

Increase in net assets
Net assets at beginning of year

Net assets at end of year

See accompanying notes to consolidated financial statements.
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2015 2014

298 298

297 583

2,354 6,481
17,989 7,457
(3,123) (1,502)
(596) (613)
(9,854) (3,099)
(881) (5.269)

139 -
6,623 4,336
13,654 3,492
(1,282) 5,259
(1,392) e
10,980 8.751
1,674 2,320
(1,528) (2,821)
146 (501)
102,676 91,167
1,119,530 1,028,363
1,222,206 1,119,530




YALE-NEW HAVEN HOSPITAL AND SUBSIDIARIES
Consolidated Statements of Cash Flows
Years ended September 30, 2015 and 2014

{In thousands)
2015 2014
Operating activities:
Increase in net assets b 102,676 91,167
Adjustments to reconeile increase in net assets to net cash provided by
operating activities:
Depreciation 120,235 124,012
Net realized and change in net unrealized gains and losses on investments (25,530) (B7.505)
Change in fair value of interest rate swap agreements 18,283 1,803
Amortization of long-term debt premium (2,002) (1,192)
Amortization of deferred financing costs 376 329
Provision for bad debis, net 50,382 72,829
Loss on refunding of long-term debt — 32,631
Change in perpetual trusts (255) (5,258)
Transfer to Yale-New Haven Health Services Corporation 12,516 39,042
Bequests, and contributions, net of pledges (30,557) (10,949)
Pension related changes other than net periodic benefit cost 12,372 44,799
Changes in operating assets and liabilities:
Accounis receivable, net (79,063) (98.599)
Other receivables (1,303) 14,023
Other assets 68 (381)
Accounts payable (3,303) (1,884)
Accrued expenses 20,507 9,724
Professional insurance recoveries and liabilities (26,682) (2,086)
Other current liahilities, accrued pension and postretirement benefit
oblgations, other long-term liabilities, and deferred revenue 18,329 50,792
Net cash provided by operating activities 187,049 273,297
Investing activities:
Net acquisitions of property, plant and equipment (140,262) (96,716)
Capitalized interest — 150
Net purchases of investiments (135,862) (178,622)
Net sales of investments 81.833 —
Debt service fund (392) 2,782
Assets limited as to use 28,236 (35,516)
Transfer to Yale-New Haven Health Services Corporation (12,516) (39,042)
Net cash used in investing activities (178,963) (346,924)
Financing activities:
Proceeds from issuance of long-term debt — 578,670
Proceeds from notes payable 8,345
Payments on capital lease obligations (4.948) (2,598)
Payments of long-term debt (7.626) (484,157)
Payments of notes payable (36) —
Cost of issuance of long-term debt — (6,299)
Bequests, and contributions, net of pledges 30,557 10,949
Net cash provided by financing activities 26,292 96,565
Net increase in cash and cash equivalents 34,378 22,938
Cash and cash equivalents at beginning of year 69,250 46,312
Cash and cash equivalents at end of year b 103,628 69,250

See accompanying notes to consolidated financial statements.
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Wotes to Consolidated Financial Statements
September 30, 2015 and 2014

(1) Organization and Significant Accounting Policies
(a) Organization

Yale-New Haven Hospital, Inc. (the Hospital or Y-NHI) is a voluntary association incorporated
under the General Statutes of the State of Connecticut.

Y-NHH is the parent of the following and together form Yale-New Haven Hospital & Subsidiaries:

Yale-New Haven Care Continuum Corporation (YNHCCC), a Connecticut nonstock
corporation, is a wholly owned subsidiary of the Hospital. YNHCCC provides long-term care
for those unable to live independently and short-term rehabilitation for patients who have
experienced elective surgery, an injury, or a traumatic major illness. Its services include respite
care for family members and caregivers, recovery for victims of strokes, orthopedic recovery
services, medications and diagnostic services (such as radiological services).

Yale-New Haven Ambulatory Services Corporation and Subsidiaries (ASC), a Connecticut
nonstock, taxable corporation, is a wholly owned subsidiary of Y-NHH, and is 51% owner of
Shoreline Surgery Center, LLC (S8C) and SSC 11, LLC.

York Enterprises Inc. and Subsidiaries (York), a Connecticut corporation formed for the
purpose of initiating or acquiring business entities. Currently, York has two subsidiaries:
Medical Center Pharmacy and Home Carte, Inc. (MCP) and Medical Center Realty, Inc.
(MCR). MCP is a Connecticut stock, for-profit company, which operated a retail pharmacy
with multiple locations until February 2011. MCR is a Connecticut stock, for-profit company,
which owns or holds leases on YNHHSC’s affiliated commercial space. York is the sole
shareholder of MCP and MCR.

Catitas Insurance Company, Lid. (Caritas) is a Vermont-domiciled, captive insurance
company licensed under Chapter 141 of Title 8 of the Vermont Statutes Annotated. Caritas is a
tax-exempt supporting organization having the Hospital as its sole shareholder. Caritas
provides excess professional liability coverage and general liability coverage. Prior to the 2012
acquisition of the stock of Caritas by Y-NHH from the Hospital of Saint Raphael (HSR),
Caritas was a wholly owned subsidiary of HSR. Caritas was dissolved on December 15, 2014
and the insurance liabilities were transferred to Medical Centre Insurance Company, Ltd (see
note 9).

Lukan Indemnity Company, Ltd. (Lukan) is a Bermuda-domiciled captive insurance company
that provides primary professional liability coverage. Prior to the 2012 acquisition of the stock
of Lukan by Y-NHH from HSR, Lukan was a wholly owned subsidiary of HSR. Lukan was
dissolved on Mareh 31, 2015 and the insurance liabilities were transferred to Medical Centre
Insurance Company, Ltd (see note 9).

Vale-New Haven Health Services Corporation (YNHHSC) is the sole member of Y-NHH. Y-NHH
and subsidiaries operate with a separate Board of Trustees, management staff and medical staff;
however, YNHHSC must approve the strategic plans, operating and capital budgets, and Board of
Trustees appointments of the Hospital.

8 (Continued)
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 20135 and 2014

YNHHSC is the sole member of two similar organizations, Bridgeport Hospital (BH) and Greenwich
Health Care Services, Inc. (GHCS). Each of these three tax-exempt organizations serves as the sole
member/parent for its respective delivery network of regional health care providers and related
entities. YNHHSC is also the sole member of Northeast Medical Group, Inc. (NEMG).

Concmrrent with the issuance of the Connecticut Health and Educational Faeilities Authority
(CHEFA) Revenue Bonds, Yale-New Haven Health Obligated Group Issue, Series A, B, C, D and E
dated May 20, 2014, six members of the Yale New Haven Health System and Subsidiaries were
combined to form an Obligated Group. The Obligated Group comprises YNHEHSC, YNHH,
Yale-New Haven Care Continvum Corporation, Bridgeport Hospital, the Bridgeport Hospital
Foundation and NEMG (the Obligated Group). YNHHSC serves as agent of the Obligated Group.
The members of the Obligated Group have adopted certain governance provisions in their certificates
of incorporation and by-laws pursuant to which YNHHSC retains the authority to directly take
certain actions on behalf of each Obligated Group member without the approval of the Board of
Trustees (the Board) of the applicable Obligated Group member, including the incurrence of
indebtedness on behalf of each Obligated Group member, the management and control of the liquid
assets of each, and the appointment of the president and chief executive officer of each Obligated
Group member.

Acquisitions

On June 1, 2014, NEMG and YNHHSC acquired certain assets of PriMed, LLC (PriMed), a
physician practice for approximately $54.2 million. YNHHSC coniributed the entire purchase price,
of which $25 million was transferred from the Hospital to YNHHSC. PriMed is a multi-specialty
group of approximately 120 providers in 36 locations across Fairfield County and New Haven
County, Connecticut. PriMed also is the sole member of a gastroenterology surgery center, the
Fairfield County Endoscopy Center, and offers a number of ancillary services, such as a sleep
laboratory, cardiac diagnostic testing, physical therapy and nutritional counseling. Under the terms of
the transaction, NEMG and YNHHSC acquired substantially all the assets of PriMed and a 40%
interest in the gastroenterology surgery center.

On October 11, 2013, the Hospital purchased 100% controlling interest of Saint Raphael Magnetic
Resonance Center (SRMP) for approximately $7.4 million. Prior to the purchase of this practice by
the Hospital, the controlling interest in SRMP was owned through a 50/50 joint venture between
ASC and Medical Imaging Associates, P.C. ASC transferred its 50% ownership to the Hospital. In
connection with this transaction, the Hospital recorded goodwill in the amount of $5.9 million.

Principles of Consolidation

The accompanying consolidated financial statements present the accounts and transactions of the
Hospital and its wholly owned subsidiaries. All significant intercompany revenue and expenses and
intercompany balance sheet accounts have been eliminated in consolidation.

9 (Continued)
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

Use of Estimates

The preparation of the consolidated financial statements in conformity with U.S. generally accepted
accounting principles (GAAP) requires management to make estimates and assumptions that affect
the reported amounts of assets, including estimated uncollectibles for accounts receivable for
services to patients, and liabilities, including estimated net settlements with third-party payors and
professional liabilities, and disclosure of contingent assets and liabilities at the date of the
consolidated financial statements. Estimates also affect the amounts of revenue and expenses
reported during the reporting period. Actual results could differ from those estimates.

During the year ended September30, 2015 the Hospital recorded a change in estimate of
approximately $17.6 million related to favorable third-party payor settlements and during the year
ended September 30, 2014 the Hospital recorded a change in estimate of approximately $8.9 million
related to unfavorable third-party payor settlements.

Temporarily and Permanently Restricted Net Assets

Temporarily restricted net assets are those whose use by the Hospital has been limited by donors to a
specific time period or purpose and appreciation on permanently restricted net assets. Permanently
restricted net assets have been restricted by donors to be maintained by the Hospital in perpetuity.
The Hospital is a partial beneficiary to various perpetual trust agreements. Assets recorded under
these agreements are recognized at fair value. The investment income generated from these trusts is
unrestricted and the assets are classified as permanently restricted by the donor.

Certain restricted funds investments are pooled with certain unrestricted investments to facilitate
their management. Investment income is allocated to both restricted and unrestricted funds
participating in the investment pool on pro rata basis based on the market value of the fund. The
Board of Trustees approves spending for certain pooled funds based on the spending policy. Realized
cains and losses from the sale of securities are computed using the average cost method and the
first-in, first-out method.

Contributions, including unconditional promises to give, are recognized as revenue in the period
received. Conditional promises to give are not recognized until the conditions on which they depend
are substantially met. Contributions receivable to be received after one year are discounted at a
discount rate commensurate with the risks involved. Amortization of the discount is recognized as
revenue and is classified as either unrestricted or temporarily restricted in accordance with
donor-imposed restrictions, if any, on the contributions.

10 (Continued)
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

Contributions receivable, included in other receivables and other assets in the accompanying
consolidated balance sheets at September 30, 2015 and 2014, are expected to be received as follows
(in thousands}):

September 30
2015 2014
Less than one year $ 3,182 3,979
One to five years 047 1,285
4,129 5,264
Less unamortized discount on contributions receivable

(0.1% to 4.2%) (38) (52)
4,091 5212
Allowance for uncollectible contributions (123) (156)
h 3,968 5,056

Daonor-Restricted Gifts

Unconditional promises to give cash and other assets are reported at fair value at the date the promise
is received. All gifts are reported as either temporarily or permanently restricted support if they are
received with donor stipulations that limit the use of the donated assets. When a donor resfriction
expires, that is, when a stipulated time restriction ends or purpose restriction is accomplished,
temporarily restricted net assets ate reclassified as unrestricted net assets.

Cash and Cash Equivalenis

Cash and cash equivalents include investments in highly liquid financial instruments with original
maturities of three months or less when purchased, which are not classified as assets limited as fo use
and which are not maintained in the short- or long-term investment portfolios.

Cash and cash equivalents are maintained with domestic financial institutions with deposits that
exceed federally insured limits. It is the Hospital’s policy to monitor the financial strength of these
institutions.

Accounts Receivable

Patient accounts receivable result from the health care services provided by the Hospital. Additions
to the allowance for doubtful accounts result from the provision for bad debts., Accounts written off
as uncollectible are deducted from the allowance for doubtful accounts.

11 (Continued)
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

The amount of the allowances for doubtful accounts is based upon management’s assessment of
historical and expected net collections, business and economic conditions, trends in Medicare and
Medicaid health care coverage, and other collection indicators. Management periodically assesses
the adequacy of this allowance based upon historical collection and write-off experience by payor
category. The results of these reviews are used to modify, as necessary, the provision for bad debts
and to establish appropriate allowances for uncollectible patient accounts receivable. After
satisfaction of amounts due from insurance, The System follows established guidelines for placing
certain patient balances with collection agencies, subject to certain restrictions on collection efforts
as determined by the System policy. See note 2 for additional information relative to third-party
payor programs.

Net patient accounts receivable has been adjusted to the estimated amounts expected to be collected.
These estimated amounts are subject to further adjustments upon review by third-party payors. Such
receivables do not bear interest.

Loan Receivable

In Sepiember 2014, the Hospital entered into a term loan agreement as part of a transaction with a
health care provider more fully described in note 10. The ferm-loan agreement has a term that
coincides with an agreement for the Hospital to lease an Inpatient Rehabilitation Unit (IRU). The
term of the TRU Lease Agreement is five vears and provides the Hospital with two five year renewal
options at the end of each term.

The term loan bears interest of 6.5% annually that is payable monthly. The loan is collateralized by
certain property owned by a subsidiary of the health care provider.

Investments

The Hospital has designated its investment portfolio as trading. Investment income or loss (including
realized gains and losses on investments, interest and dividends) and the change in net unrealized
gains and losses are included in the excess of revenue over expenses unless the income or loss is
restricted by donor or law.

Investments in equity securities with readily determinable fair values and investments in debt
securities are measured at fair value (quoted market prices) in the accompanying consolidated
balance sheets.

12 (Continued)

127



YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consalidated Financial Statements
September 30, 2015 and 2014

Cetfain alternative investments (nontraditional, not-readily marketable assets) are structured such
that the Hospital holds limited partnership interests or pooled units and are accounted for utilizing
net asset value per unit for measurement of the units’ fair value. Individual investment holdings
within the alternative investments may, in torn, include investments in both non-marketable and
market-traded securities. Values may be based on historical cost, appraisals, or other estimates that
require varying degrees of judgment. The equity method reflects net contributions to the investee and
an ownership share of realized and unrealized investment income and expenses. The investments
may indirectly expose the Hospital to securities lending, short sales of securities, and trading in
futures and forwards contracts, options, swap contracts and other derivative products. While these
financial instruments may contain varying degrees of risk, the Hospital’s risk with respect to such
transactions is limited to its capital balance in each investment. The financial statements of the
investees are audited annually by independent auditors. Future funding commitments for alternative
investments aggregated approximately $2.3 million at September 30, 2015.

The Hospital participates in the Yale New Haven Health System Tnvestment Trust (the Trust), a
unitized Delaware Investment Trust created to pool assets for investment by the Health System
nonprofit entities. The Trust comprises two pools: the Long-Term Investment Pool (L-TIP) and the
Intermediate-Term Investment Pool (I-TIP). Governance of the Trust is performed by the Yale New
Haven Health System Investment Committee.

Under the terms of the investment management agreement with the Trust, withdrawals of the
Hospital’s investment in the L-TIP can be made annually by the Hospital on July L. Amounts
withdrawn are subject to a schedule that allows larger withdrawals with longer notice periods. As of
September 30, 2015, the Hospital can withdraw 100% of its investment in the L-TIP on July 1, 2016,
Withdrawals of the Hospital’s investment in the I-TIP in any amount can be made quarterly with
30 days advance notice.

The Trust has an agreement with Yale University (the University) investment office (the Investment
Management Agreement) which allows the University o manage a portion of the Trust’s
investments as part of the University’s Endowment Pool (the Pool). The Trust transferred
approximately $50.0 million and $100.0 million to the University in exchange for units in the Pool
for vyears ended September 30, 2015 and 2014, respectively. The Trust’s interest in the Pool is
reported at fair value based on the net asset value per units held. The Pool invests in domestic equity,
foreign equity, absolute return, private equity, real assets, fixed income and cash.

Under the terms of the investment management agreement with the University, withdrawals of the
Trust’s investment in the Pool can be made annually by the Trust on July 1. For withdrawals of
amounts less than $150.0 million or 75% of the Trust’s investment in the Pool, $100.0 million or
50% of the Trust’s investment in the Pool, and $50.0 million or 25% of the Trust’s investment in the
Pool, the advance notice period is set to a maximum of 180 days, 90 days, and 30 days, respectively,
prior to the University’s fiscal year ending June 30. For withdrawals greater than $150.0 million or
more than 75% of the Trust’s investment in the Pool, the advance notice period is set to a maximum
of 270 days prior to the University’s fiscal year end of June 30.
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

In March 2006, the Hospital entered into an arrangement with the University whereby the University
will manage certain Board-designated assets of the Hospital. These Board-designated assets are
commingled in the University’s endowment pool. At September 30, 2015 and 2014, the carrying
value of assets managed by the University under this arrangement was approximately $10.6 million
and $10.4 million, respectively. Because of the limitations on their use, the assefs are separately
classified from assets invested under the Investment Management Agreement.

In 2011, the investment management agreement between the Trust and the University was modified
to allow the Trust to obtain a cash advance, up to a maximum of $75 million, on a monthly basis. For
these advances interest of U.S. Prime rate, plus 2% will be paid by the Trust. Repayments on the
advances are made by the Trust by way of redemptions of a sufficient number of Trust’s units in the
Endowment using the June 30 unit valuation. No advances have been requested or taken by the
Trust.

Short-term investments represent those securities that are available for the Hospital’s operations and
can be converted fo cash within one year.

Inventories

Inventories are stated at the lower of cost or market. The Hospital values its inventories using the
first-in, first-out method with the exception of pharmacy inventories, which are valued at average
cost.

Assets Limited as to Use

Assefs so classified represent assets held by trustees under indenture agreements, beneficial interest
in perpetual trusts and designated assets set aside by the Board for future capital improvements and
other Board approved uses. The Board retains control and, at its discretion, may use for other
purposes assets limited as to use for plant improvements and expansion. Amounts required to meet
current liabilities are reported as current assets. These funds consist primarily of U.S. government
securities, mutual funds and money market funds.

Perpetral Trusts

The Hospital is the beneficiary of certain perpetual trusts held and administered by others. The
present values of the estimated future cash receipts, which are measured based on the fair value of
the assets held by the trust, are recognized as assets and contribution revenue at the dates the trusts
are established. Beneficial interest in perpetual trusts is recorded as permanently restricted net assets
and is adjusted for any changes in the fair value of the trusts. Income distributions received from the
trusts are recorded as temporarily restricted contributions when received.

Interest Rate Swap Agreements

The Hospital utilizes interest rate swap agreements to reduce risks associated with changes in interest
rates. Tnterest rate swap agreements are reported at fair value. The Hospital is exposed to credit loss
in the event of nonperformance by the counterparties to ifs interest rate swap agreements. The
Hospital is also exposed to the risk that the swap receipts may not offset its variable rate debt service.
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

To the extent these variable rate payments do not equal variable interest payments on the bonds,
there will be a net loss or net benefit to the Hospital.

Benefits and Insurance

The Hospital is effectively self-insured for medical, hospitalization, dental and preseription drug
benefits provided to employees and has a stop loss arrangement to limit exposure for these
self-insured henefits. The Hospital makes annual contributions to the YNHHSC Voluntary Employee
Beneficiary Association (VEBA) plan to fund medical, dental, hospitalization, group term life
insurance and preseription drug benefits. Annually, premiums are set (0 reflect the estimated cost of
benefits. During the years ended September 30, 2015 and 2014, the Hospital made actuarially
determined contributions, net of premium adjustments, to the VEBA plan of approximately
$1335.3 million and $138.7 million, respectively.

The Hospital is effectively self-insured for workers’ compensation claims. The Hospital has a stop
loss arrangement to limit exposure for workers’ compensation claims. Estimated amounts are
acerued for claims, including claims incurred but not reported (IBNR) and are based on the Hospital
specific experience. At September 30, 2015 and 2014, the estimated discounted liabilities for
self-insured workers’ compensation claims and IBNR aggregated approximately $23.5 million,
discounted at 2.0%, and $21.3 million, discounted at 2.5%, respectively, and are included in accrued
expenses in the accompanying balance sheets.

Professional Liability Insurance

The Hospital participates in the YNHHSC coordinated professional liability program. Based on the
terms of the agreement with YNHHSC, the Hospital records the actuarially determined lizbilities for
incurred but not reported professional and general liabilities and has recorded a deposit (asset) for
liabilities transferred in the year ended September 30, 1998.

Property, Plant and Equipment

Property, plant and equipment purchased are carried at cost and those acquired by gifts and bequests
are carried at fair value established at the date of contribution. The carrying amounts of assets and
the related accumulated depreciation are removed from the accounts when such assets are disposed
of and any resulting gain or loss is included in income from operations. Depreciation of property,
plant and equipment is computed by the straight-line method in amounts sufficient to depreciate the
cost of the assets over their estimated useful lives ranging from 3 to 50 years. The cost of additions
and improvements are capitalized and expenditures for repairs and maintenance, including the cost
of replacing minor items not considered subsiantial enhancements, are expensed as incurred.

Leases are classified as capifal leases or operating leases in accordance with the terms of the
underlying lease agreements. Lease payments under operating leases are charged directly to rental
expense, and are included in supplies and other expenses in the accompanying consolidated
statements of operations.
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

Goodwill

Goodwill is not amortized but instead tested at least annually for impairment or more frequently
when events or changes in circumstances indicate that the assets might be impaired. This impairment
test is performed annually at the reporting unit level. The Hospital evaluates goodwill at the entity
level as management has determined that the Hospital’s operation comprise a single reporting entity.
Goodwill is considered to be impaired if the carrying value of the reporting unit, including goodwill,
exceeds the reporting unit’s fair value. Reporting unit fair value is estimated using both income
(discounted cash flows) and market approaches.

The discounted cash flow approach requires the use of assumptions and judgments including
estimates of future cash flows and the selection of discount rates. The market approach relies on
comparisons to publicly traded stocks or to sales of similar companies. The Hospital has determined
that no goodwill impairment exists at September 30, 2015.

Deferred Revenue

Deferred revenue includes amounts which have been received that relate to future years. Amounts
will be reduced as revenue is earned.

Derivative Contracts

Tn the normal course of business, the Hospital procures fuel and has entered into forward delivery
agreements and commodity contracts. Substantially all of the Hospital’s contracis to procure fuel are
designated as, and qualify as, normal purchases; accordingly, such contracts are not accounted for as
derivative contracts.

Excess of Revenue over Expenses

In the accompanying consolidated statements of operations and changes in net assets, excess of
revenue over expenses is the performance indicator. Peripheral or incidental transactions are
included in excess of revenue over expenses. Those gains and losses deemed by management to be
closely related to ongoing operations are included in other revenue; other gains and losses are
classified as nonoperating.

Contributions of, or restricted to, property, plant and equipment, transfers of assets (o and from
affiliates for other than goods and services, and pension related changes other than net periodic
benefit cost are excluded from the performance indicator but are included in the change in net assets.

Income Taxes

YNHCCC and the Hospital are not-for-profit corporations as described in Section 501(c)(3) of the
Tnternal Revenue Code (the Code), and are exempt from Federal income taxes on related income
pursuant to Section 501(a) of the Code. YNIHCCC and the Hospital are also exempt from state
income tax.
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YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

There are certain transactions that could be deemed “Unrelated Business Income” and would result
in a tax liability. Management reviews (ransactions to estimate potential tax liabilities using a
threshold of more likely than not that the position will be sustainable based on the merits of the
position. It is management’s estimation that there are no material tax liabilities that need to be
recorded.

ASC and York are subject to federal and state corporate income taxes. Deferred income taxes are
provided on temporary differences between financial statement and tax reporting. The provision for
income taxes and deferred taxes are not material to the consolidated financial statements.

Operating Expenses

The Hospital records amounts received from the University, avea hospitals and other local healthcare
providers for costs incurred on behalf of those organizations as reductions to expenses. These costs
consist mainly of salaries and benefits. For the years ended September 30, 2015 and 2014, the
Hospital recorded approximately $55.0 million and $60.5 million, respectively, as reductions to
expenses.

Deferred Financing Costs

The Hospital capitalizes costs incurred in connection with the issuance of long-term debt and
amortizes these costs over the life of the respective obligations using the effective interest method.
The accumulated deferred financing cost was approximately $0.6 million and $0.2 million at
September 30, 2015 and 2014, respectively.

Impairment of Assels

The Hospital reviews property, plant and equipment for impairment at least annually, and more
frequently whenever events or changes in circumstances indicate that the carrying amount of the
assets may not be recoverable. If such impairment indicators are present, the Hospital recognizes a
loss on the basis of whether these amounts are fully recoverable. No impairment charge was
recorded for the years ended September 30, 2015 or 2014.

New Accounting Pronouncements

In May 2015, the Financial Accounting Standards Board (FASB)issued Accounting Standards
Update (ASU)2015-07, Fair Value Measurement (Topic 820) — Disclosures for Investments in
Certain Entities That Calculate Net Asset Value per Share (or its Equivalent), which removes the
requirement to categorize within the fair value hierarchy all jnvestments for which fair value is
measured using the net asset value per share practical expedient. ASU 2015-07 also removes the
requirement to make certain disclosures for all investments that are eligible to be measured at fair
value using the net asset value per share practical expedient. Reporting entities will be required to
disclose the amount of investments measured at net asset value (or its equivalent) using the practical
expedient to reconcile fotal investments in the fair value hierarchy to total investments measured at
fair value. ASU 2015-07 is effective for public business entities for fiscal years beginning after
Diecember 15, 2015, and interim periods within those fiscal years. The effective date for all other
entities is fiscal years beginning after December 15, 2016, and interim periods within those fiscal
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years. Barly adoption is permitted. Menagement has adopted and applied ASU 2015-07
retrospectively to all periods presented.

In April 2015, FASB issued ASU No. 2015-03, Inferest — Imputation of Interest (Subtopic 835-30):
Simplifying the Presentation of Debt Issuance Costs. ASU No. 2015-03 is intended to simplify the
presentation of debt issuance costs, requiring them to be presented as a direct reduction from the
carrying value of the related debt liability. This guidance is effective for fiscal years beginning after
December 15, 2015 and management is currently evaluating the effect of this guidance on its
consolidated financial statements.

(aa) Reclassifications

Ceertain reclassifications have been made to the year ended September 30, 2014, balances previously
reported in the consolidated financial statements in order to conform with the year ended
September 30, 2015, presentation.

Accounts Receivable for Services to Patients and Net Patient Service Revenue

The Hospital has agreements with third-party payors that provide for payments to the Hospital at amounts
different from its established rates. The difference is accounted for as allowances. Payment arrangements
include prospectively determined rates per discharge, reimbursed costs, fee-for-service, discounted charges
and per diem payments. Net patient service revenue is affected by the State of Connecticut
Disproportionate Share program and is reported at the estimated net realizable amounts due from patients,
third-party payors and others for services rendered and includes estimated retroactive revenue adjustments
due to future audits, reviews and investigations. Retroactive adjustments are considered in the recognition
of revenue on an estimated basis in the period the related services are rendered and such amounts are
adjusted in future periods as adjustments become known or as years are no longer subject to such audits,
reviews and investigations.

Third-party payor receivables included in other recejvables were $2.9 million and $0.9 million at
September 30, 2015 and 2014, respectively. Third-party payor liabilities included in other current liabilities
were $52.3 and $36.2 million at September 30, 2015 and 2014, respectively. Third-party payor liabilities
included in other long-term liabilities were $44.1 million and $47.4 million at September 30, 2015 and
2014, respectively.

The Hospital has established estimates based on information presently available, of amounts due to or from
Medicare, Medicaid and third-party payors for adjustments to current and prior year payment rates, based
on Hospital specific data. Such amounts are included in the accompanying consolidated balance sheets.
Additionally, certain payors® payment rates for various years have been appealed by Y-NHLL If the appeals
are successful, additional income applicable to those years might be realized. In April, 2014, YNHHS
began participation in the Centers for Medicare & Medicaid Services Bundled Payments for Care
Improvement initiative. Under the Bundled Payments for Care lmprovement initiative, YNHHS has
entered into payment arrangements that include financial and performance accountability for episodes of
care.
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Revenue from Medicare and Medicaid programs accounted for approximately 30% and 11%, respectively,
of Y-NHI’s net patient service revenue for the year ended September 30, 2015, and approximately 33%
and 11%, respectively, of Y-NHH’s net patient service revenue for the year ended September 30, 2014.
Inpatient discharges relating to Medicare and Medicaid programs accounted for approximately 36% and
28%, respectively for the years ended September 30, 2015, and 2014. Laws and regulations governing the
Medicare and Medicaid programs are extremely complex and are subject to interpretation. As a result,
there is at least a reasonable possibility that recorded estimates will change by material amounts in the near
term.

Y-NHH believes that it is in compliance with all applicable laws and regulations and is not aware of any
pending or threatened investigations involving allepations of potential wrongdoing except as disclosed in
note 10. Compliance with such laws and regulations can be subject to future government review and
interpretation, as well as significant regulatory action, including fines, penalfies and exclusion from the
Medicare and Medicaid programs. Changes in the Medicare and Medicaid programs and the reduction of
funding levels could have an adverse impact on Y-NHH. Cost reports for the Hospital, which serve as the
basis for final setflement with government payors, have been settled by final settlement for various years
ranging through 2012 for Medicare and through 2013 for Medicaid. Other years remain open for
settlement.

The significant concentrations of acceunts receivable for services to patients include 37% from Medicare,
17% from Medicaid, and 46% from nongovernmental payors at September 30, 2015, and 36% from
Medicare, 14% from Medicaid, and 50% from nongovernmental payors at September 30, 2014.

Net patient service revenue is comprised of the following for the years ended September 30, 2015 and
2014 (in thousands):

2015 2014
Gross revenue from patients $ 8,833,384 8,501,209
Deductions:
Contractual allowances 6,165,563 5,922,235
Charity and free care (at charges) 126,956 129,991
Provision for doubtful accounts 50,394 72,829
Net patient service revenue $ 2,490,471 2,376,154

Patient service revenue for the years ended September 30, 2015 and 2014, net of contractual allowances
and discounts (but before the provision for bad debts), recognized from these major payor sources based on
primary insurance designation, is as follows, in thousands:

2015 2014
Third party $ 2,460,636 2,350,870
Self-pay 80,227 98,113
Total all payors $ 2,540,863 2,448,983
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Deductibles and copayments under third-party payment programs within the third-party payor amount
above are the patient’s responsibility and Y-NHH considers these amounts in ifs determination of the
provision for bad debts based on collection experience. Accounts receivable are also reduced by an
allowance for doubtful accounts. In evaluating the collectability of accounts receivable, Y-NITH analyzes
its past history and identifies trends for each of its major payor sources of revenue to estimate the
appropriate allowance for doubtful accounts and provision for bad debts. Management regularly reviews
data about these major payor sources of revenue in evaluating the sufficiency of the allowance for doubtful
accounts.

Y-NHH’s allowance for doubtful accounts totaled apptoximately $196.2 million and $171.5 million at
September 30, 2015 and 2014, respectively. The allowance for doubtful accounts for self-pay patients was
approximately 65.1% and 88.5% of self-pay accounts receivable as of September 30, 2015 and 2014,
respectively. Substantially all write-offs are related to self-pay patients.

Uncompensated Care and Community Benelit Expense

Y-NHH’s commitment to community service is evidenced by services provided to the indigent and
benefits provided to the broader community. Services provided to the indigent include services provided to
persons who cannot afford health care because of inadequate resources and/or who are uninsured or
underinsured.

Y-NHH makes available free care programs for qualifying patients. In accordance with the established
policies of Y-NHH, during the registration, billing and collection process a patient’s eligibility for free care
funds is determined. For patients who were determined by Y-NHH to have the ability to pay but did not,
the uncollected amounts are the provision for bad debts. For patients who do not avail themselves of any
frae care program and whose ability to pay cannot be determined by Y-NHH, care given but not paid for, is
classified as charity care.

Together, charity care and the provision for bad debts represent uncompensated care. The estimated cost of
total uncompensated care is approximately $114.4 million and $132.4 million for the years ended
September 30, 2015 and 2014, respectively. The estimated cost of uncompensated care is based on the ratio
of cost to charges, as determined by claims activity.

The estimated cost of charity care and free care provided was $82.4 million and $85.3 million for the years
ended September 30, 2015 and 2014, respectively. The estimated cost of charity care is based on the ratio
of cost to charges. The allocation between the provision for bad debts and charity care is determined based
on management’s analysis on the previous 12 months of hospital data. This analysis calculates the actual
percentage of accounts written off or designated as bad debt versus charity care while taking into account
the total costs incurred by the hospital for each account analyzed.

For the years ended September 30, 2015 and 2014, the provision for bad debts, at charges, was
$50.4 million and $72.8 million, respectively. For the years ended September 30, 2015 and 2014, the
provision for bad debts, was $32.0 million and $47.1 million, respectively. The provision for bad debts is
multiplied by the ratio of cost to charges for purposes of inclusion in the total uncompensated care amount
identified above.
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The Connecticut Disproportionate Share Hospital Program (CDSHP) was established to provide funds to
hospitals for the provision of uncompensated care and is funded, in part, by an assessment on hospital net
patient service revenue. During the years ended September 30, 2015 and 2014, the Hospital received
$9.3 million and $26.6 million, respectively, in CDSHP distributions, of which approximately $6.7 million
and $17.1 million, respectively was related to charity care. Y-NHH made payments info the CDSHP of
$89.3 million and $73.5 million for the years ended September 30, 2015 and 2014, respectively, for the
assessment.

The State of Connecticut implemented changes to the hospital funding levels for the CDSHP in their fiscal
2016 biennium budget. As a result of these budget changes, the funding for this program was reduced
effective July 1, 2015, The reduction in funding was approximately $6.8 million for the period July 1, 2015
to September 30, 2015 and the funding has been eliminated for state fiscal year 2016 in the amount of
$27.2 million.

Additionally, Y-NHI provides benefits for the broader community which includes services provided to
other needy populations that may not qualify as indigent but need special services and support. Benefits
include the cost of health promotion and education of the general community, interns and residents, health
screenings, and medical research. The benefits are provided through the community health centers, some of
which service nonEnglish speaking residents, disabled children, and various community support groups.
Y-NHH voluntarily assists with the direct funding of several City of New Haven programs, including an
economic development program and a youth initiative program.

In addition to the quantifiable services defined above, Y-NHH provides additional bencfits to the
community through its advocacy of community service by employees. Y-NHH’s employees serve
numerous organizations through board representation, membership in associations and other related
activities. Y-NHH also solicits the assistance of other healthcare professionals to provide their services at
no charge through participation in various community seminars and training programs.
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Investments and Assets Limited as to Use

The composition of investments, including investments held by the Trust, amounts on deposit with frustee
in debt service fund and assets limited as to use is set forth in the following table (in thousands):

September 30
2015 2014

Money market funds $ 50,943 % 129,823

U.8. equity securities 70,490 59,186

U.S. equity securities — common collective trusts — —

International equity securities” 64,440 70,671

Fixed income:

U.S. government 296,416 258,126

U.S. government — common collective trusts == =

International govermnent‘b) 84,944 77,706
Commodities 82 122
Hedge funds:

Absolute return® 10,554 10,304
Real estatc'” 6,781 9,628
[nterest in Yale University endowment pool® 768,495 685,862
Perpetual trusts'” 18,050 17,797

Total $ 1,371,195 § 1,319,225

(2) Investments with external international equity and bond managers that are domiciled in the United
States. Investment managers may invest in American or Global Depository Receipts (ADR, GDR) or
in direct foreign securities.

(b) TInvestments with external commodities futures manager.

(¢) Tnvestment with external multi-strategy fund of funds manager investing in publicly traded equity
and credit holdings which may be long or short positions.

(d) Investments with external direci real estate managers and fund of funds managers. Investment
vehicles include both closed end REITs and limited partnerships.

(¢) Yale University Endowment Pool maintains a diversified investment portfolio, through the use of
external investment managers operating in a variety of investment vehicles, including separate
accounts, limited partnerships and commingled funds. The pool combines an orientation to equity
investments with an allocation to nontraditional asset classes such as an absolute return, private
equity, and real assets.

(d) Investments consist of several domestic and international equity and fixed income mutual funds,

REITs, commodities and money market funds. There is also an investment in a hedge fund of funds.
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Y-NHIT’s ownership percentage of the Trust was approximately 88.6%, or $1.3 billion, and 90.5% or
$1.2 billion, as of September 30, 2015 and 2014, respectively. Y-NHH’s prorata portion of the
Trust’s investments are included above in the table.

(5) Endowment

Y-NHH’s endowment includes donor-restricted endowment funds. Net assets associated with endowment
finds are classified and reported based on the existence or absence of donor-imposed restrictions.

Y-NHH has interpreted the Connecticut Uniform Prudent Management of Institutional Funds Act
(CUPMIFA) as requiring the preservation of the fair value of the original gift as of the gift date of the
donor-restricted endowment funds absent explicit donor stipulations to the contrary. As a result of this
interpretation, Y-NHH classifies as permanently restricted net assets (a) the original value of gifts donated
to the permanent endowment, (b) the original value of subsequent gifts to the permanent endowmnent, and
(¢) accumulations to the permanent endowment related to Y-NHH’s beneficial interest in perpetual trusts
made in accordance with the direction of the applicable donor gift instrument at the time of the
accumulation is added to the fund.

The remaining portion of the donor-restricted endowment fund that is not classified in permanently
restricted net assets is classified as temporarily restricted net assets until those amounts are appropriated for
expenditure by Y-NHH in a manner consistent with the standard of prudence prescribed by CUPMIFA. In
accordance with CUPMIFA, Y-NHH considers the following factors in making a determination to
appropriate or accumulate donor-restricted endowment funds: (1) the duration and preservation of the fund;
(2) the purposes of Y-NHH and the donor-restricted endowment fund; (3) general economic conditions;
(4) the possible effect of inflation and deflation; (5)the expected total refurn from income and the
appreciation of investments; (6) other resources of Y-NHH; and (7) the investment and spending policies
of Y-NHH.
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Changes in endowment net assets for the years ended September 30, 2015, are as follows (in thousands):

Temporarily Permanently
restricted restricted Total
Endowment net assets, beginning of year $ 36,239 35,906 72,145
Investment returi:
Investment income 248 — 248
Net appreciation (realized and
unrealized) 2,306 — 2,306
Total investment return 2,554 — 2,554
Contributions 4,976 13,654 18,630
Appropriation of endowment assets for
expenditure (5,223) (1,392) (6,615)
Other changes:
Change in value of beneficial
interest trusts — (1,282) (1,282)
Endowment net assets, end of year $ 38,546 46,886 85,432

Changes in endowment net assets for the years ended September 30, 2014, are as follows (in thousands):

Temporarily Permanently
restricted resiricted Total
Endowment net assets, beginning of year 5 36,106 27,155 63,261
Investment return:
Investment income 213 — 213
Net appreciation (realized and
unrealized) 5,818 — 5,818
Total investment return 6,031 —_ 6,031
Contributions — 3,493 3.493
Appropriation of endowment assets for
. expenditure (5,898) — (5.898)
Other changes:
Change in value of beneficial
interest trusts — 5,258 5,258
Endowment net assets, end of year h 36,239 35,906 72,145
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September 30
2015 2014
(In thousands)
The portion of perpetual endowment funds subject
to a time restriction inder CUPMIFA:
Without purpose restrictions § 8,666 8,357
With purpose restrictions 29,880 27,882
Total endowment funds classified as temporarily

restricted net assets b 38,546 36,239

(@

(b)

(©

Return Objectives and Risk Parameters

Y-NHH has adopted investment and spending policies for endowed assets that aftempt (o provide a
predictable stream of funding to programs supported by its endowment. Endowment assets include
those assets of donor-restricted funds that the organization must hold in perpetuity. Under these
policies, as approved by the Board, the endowment assets are invested in a manner that is intended to
produce results that over time provide a rate of return that meets the spending policy objectives
adjusted for inflation. Actual returns in any given year may vary from this amount.

Strategies Employed for Achieving Objectives

To satisfy its long-term rate-of-return objectives, Y-NHH relies on a total return strategy in which
investment returns are achieved through both capital appreciation (realized and unrealized) and
current yield (interest and dividends). Y-NHH targets a diversified asset allocation that places a
greater emphasis on equity-based investments to achieve its long-term return objectives within
prudent risk constraints.

Spending Policy and How the Investment Objectives Relate to Spending Policy

Y-NHH has a policy of appropriating for distribution each year based on a combination of the
weighted average of the prior year spending adjusted for inflation and the amount that would have
been spent using 5.25% of the current market value of the endowment fund. In establishing this
policy, Y-NHH considered the long-term expected return on its endowment.

From time to time, the fair value of assets associated with permanently restricted endowment funds
may fall below the level determined under Connecticut UPMIFA.
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Temporarily and Permanently Restricted Net Assets

Temporarily restricted net assets are available for the following purposes (in thousands):

September 30
2015 2014
Plant improvement and expansion $ 19712 13,005
Specific hospital operations, teaching, research,
free care and training 53,229 51,313
$ 70,941 64,318

Permanently restricted net assets of approximately $46.9 million and $35.9 million at September 30, 2015
and 2014, respectively, consist of donor restricted endowment principal and beneficial interests in
perpetual trusts. The income generated from permanently restricted funds is expendable for purposes
designated by donors, including research, free care, health care and other services.

Debt

A summary of long-term debt and capital lease obligations is as follows (in thousands):

September 30

2015 2014
Intercompany debt with YNHHSC:
Series N, 4.27% effective interest rate (a) $ 44,815 44,815
Series O, 2.84% effective interest rate (a} 50,000 50,000
Series A, 3.77% effective interest rate (c) 102,300 102,300
Series B, 2.30% effective interest rate (c) 168,275 168,275
Series C, 3.11% effective interest rate (d) 77,235 83,625
Series D, 3.68% effective interest rate (d) 108,275 108.275
Series E, 3.47% effective interest rate (e) 43,728 44,963
Series 2013 taxable bonds — 4.13% effective rate (b) 132,000 132,000
Series 2014 taxable bonds —4.37% effective rate (f) 30,725 50,725
Note payable, 5.46% effective interest rate (g) 8,309 —
Capital lease obligation at an imputed interest of 6.0%,
(Y-NHH) (h) 48,853 50,682
Capital lease obligations at varying rates of imputed
interest rate of 6.23% collateralized by leased
equipment (York) — 3,119
834,515 838,779
Add premium 22,769 24,772
Less current portion (10,086) (10,589)
$ 847,198 852,962
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In January 2013, the Hospital issued Series N and Series O revenue bonds totaling approximately
$100.0 million. The Series N revenue bonds were issued as fixed rate bonds with an effective
interest rate of 4.27%. The Series O revenue bonds were issued as VRDBs with an effective interest
rate of 2.84%. The proceeds, including a premium of approximately $5.2 million for the Series N
revenue bonds, were used to refinance a line of credit. The bond premium is being amortized as
interest expense in the statement of operations and changes in net asscts.

In January 2013, the Hospital issued Series 2013 taxable bonds totaling approximately
$132.0 million. The Series 2013 taxable bonds were issued as fixed rate bonds with an effective
interest rate of 4.13%. The proceeds were used to finance and refinance the costs of certain projects
and activities in furtherance of the Hospital®s tax-exempt purpose, including the refinancing of
certain existing indebtedness.

In June2014, the Obligated Group issued Series A revenue bonds totaling approximately
$102.3 million and Series B revenue bonds totaling approximately $168.3 million. The Series A
revenue bonds were issued as fixed rate bonds with an effective interest rate of 3.77%. The Series B
revenue bonds were issued as floating rate notes with an effective interest rate of 2.30%. The
proceeds from the Series A revenue bonds, including a premium of approximately $14.8 million, and
the proceeds from the Series B revenue bonds, were used to defease certain existing indebtedness.
The bond premium is being amortized as interest expense using the effective interest method in the
consolidated statement of operations and changes in net assets.

In June 2014, the Obligated Group issued SeriesC revenue bonds totaling approximately
$83.6 million and Series D revenue bonds totaling approximately $108.3 million. The Series C
revenue bonds were issued as VRDBs with an effective interest rate of 3.11%. The proceeds from
the Series C issuance were used to refund Y-NHH’s Series K revenue bonds. The Series D revenue
bonds were issued as VRDBs with an effective interest rate of 3.68%. The proceeds from the
Series D issuance were used to refund Y-NHH’s Series L revenue bonds.

As a result of the above transactions, the Hospital incurred a loss on extinguishment of debt totaling
approximately $32.6 million during the fiscal year ended September 30, 2014.

In June2014, the Obligated Group issued Series E revenue bonds totaling approximately
$80.9 million. The Series E revenue bonds were issued as fixed rate bonds with an effective interest
rate of 3.47%. The proceeds included a premium of approximately $10.1 million. OFf the proceeds,
$50 million were used to finance costs for the installation of machinery and equipment and various
renovations and improvements to the Hospitals’ infrastructure. The remaining proceeds were used by
BH. The premium is being amortized and included in capitalized interest. Upon completion of these
projects, the bond premium will be amortized as interest expense in the consolidated statement of
operations and changes in net assets.

In June 2014, the Obligated Group issued Series 2014 taxable bonds totaling approximately
$50.7 million. The Series 2014 taxable bonds were issued as fixed rate bonds with an effective
interest rate of 4.37%. The proceeds were used to finance the costs of certain projects and activities
in furtherance of the System’s tax-exempt purpose.
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The Series C, Series D and Series O VRDBs are required to be supported by letter of credit facilities
(LOCs) which have been executed with three financial institutions. These LOCs are scheduled to
expire on December 31, 2017, June 23, 2017 and February 14, 2018, respectively.

The Hospital maintains the bank letters of credit to ensure the availability of funds to purchase any
bonds tendered by bondholders that the remarketing agents are unable to remarket to new
bondholders. Draws related to such tenders under the letters of credit will become Bank Bonds. As
Bank Bonds, they can still be remarketed by the remarketing agents. If not remarketed successfully
as Bank Bonds, the Hospital will have the opportunity to tefinance them, depending upon which
bond series, during a period of from 180 to 367 days from initial draw date. Tf the Bank Bonds are
not refunded and remain outstanding exceeding such period from initial draw date, the Hospital will
be required to make quarterly paymenis over five years. There were no draws under the letters of
credit as of September 30, 2015.

The terms of the various financing arrangements between CHEFA, the Obligated Group, and the
financial institutions providing the LOCs and the Obligated Group provide for financial covenants
regarding the Obligated Group’s debt service coverage ratio and liquidity ratio.

Sinking fund installment amounts are to be made in accordance with the Series A, B, C, D, E, N and
O financing agreements. Required monthly payments on the revenue bonds by the Hospital to a
trustee are in amounts sufficient to provide for the payments of principal, interest and sinking fund
installments, in accordance with the terms of the agreements and certain other annual costs of
CHEFA.

Arbitrage rules apply for Series E tax-exempt debt. The rules require that, in specified circumstances,
earnings from the investment of tax-exempt bond proceeds which exceed the yicld on the bonds must
be remitted to the Federal government.

In connection with the formation of the Obligated Group the Series A, B, C, D, E, N and O
tax-exempt bonds and the Serics 2013 and 2014 taxable bonds became an obligation of the Obligated
Group and as such are reflected as intercompany debt with YNHHSC. Under the terms of the Master
Indenture all members of the Obligated Group are jointly and severally liable for debt issued by
YNHHSC on behalf of the Obligated Group.
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Scheduled principal payments on all debt, including capital lease obligations, are as follows

(in thousands):

2016
2017
2018
2019
2020
Theteafter

Less interest

Total capital lease obligations

Capital lease

Debt obligations

$ 3,084 4,879
16,363 4,879

8,493 4,879

9.957 4,880

10,332 5,062

732,433 48,988

$ 785,662 73,567
(24,714)

$ 48,853

Capitalized interest at September 30, 2015 and 2014, totaled $30.9 million and $29.9 million,

respectively.

YNHHSC, on behalf of the Obligated Group, has entered into interest rate swap agreements with
financial institutions related to the Obligated Group’s Series B, Series C and Series D debt.

The swap agreements fix the interest rate at a level viewed as desirable by the Hospital. Such
agreements expose the Hospital to credit risk in the event of nonperformance by the counterparties,
some of which is collateralized. At September 30, 2015 and 2014, the fair value of all swap
agreements based on current interest rates was approximately $50.6 million and $32.3 million,
respectively, representing a payable to the counterparties (recorded in other long-term liabilities).

The following table summarizes the interest rate swap agreements (in thousands):

Notional amount at

Expiration Huospital Heospital September 30
Swap type date receives pays 2015 2014

Series O — Fixed to Floating July 1,2053  67% of LIBOR 2.84% h 50,000 50,000
Series B — Fixed to Floating July 1,2049  67% of LIBOR 2.31% 100,963 100,965
Series B — Fixed to Floating July 1, 2049 LIBOR 2.29% 67,310 67,310
Series C — Fixed o Floating July 1, 2025 TIBOR 311% 51.392 55,861
Series D — Fixed to Floating Tuly 1, 2036 LIBOR 3.68% 44,505 44,503

§ 314,372 318,641

For the Series O swap, there was an unfavorable change in fair value of 80.7 million and $0.6 million
for the years ended September 30, 2015 and 2014, respectively, which was recorded in excess of

29

(Continued)

194



(h)

(2)

YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

revenue over expenses. No collateral was required under the Series O swap agreement for the years
ended September 30, 2015 and 2014.

Tn June 2014, YNHHSC, on behalf of the Obligated Group, entered info LIBOR swap rate locks with
two counter parties (the Series B swaps). For the Series B swaps, there was an unfavorable change in
fair value of $13.2 million and $7.1 million for the years ended September 30, 2015 and 2014,
respectively, which was recorded in excess of revenue over expenses. No collateral was required
under the Series B swap agreements for the years ended September 30, 2015 and 2014.

For the Series C swap, there was a favorable change in fair value of approximately $0.5 million and
$1.0 million, respectively. for the years ended September 30, 2015 and 2014, which was recorded in
the excess of revenue over expenses. No collateral was required under the Series C swap agreement
for the years ended September 30, 2015 and 2014.

For the Series D swap, there was an unfavorable change in fair value of approximately $4.2 million
and $2.2 million for the years ended September 30, 2015 and 2014, respectively, which was recorded
in the excess of revenue over expenses. No collateral was required under the Series L/D swap
agreement for the years ended September 30, 2015 and 2014.

For the years ended September 30, 2015 and 2014, the Hospital paid approximately $20.3 million
and $22.8 million, respectively, for interest related to long-term debt, exclusive of the swap
agreements.

The Hospital entered into a contract to lease space in a building adjacent to the Hospital. The
Hospital’s rental obligation commenced in December 2009. This capiial lease has a term of
twenty years from the commencement date with the option to extend the lease for four successive
terms of ten years. Rental payments increase by 5% every five years. The Hospital is also subject to
additional rent for its share of expenses, as defined in the contract. The Hospital has the option to
purchase the property at the end of the fifth, tenth or twentieth year or at the end of each of the first
three ten-year extension periods.

In January 2013, the Hospital entered into a transaction in connection with a building at 2 Howe
Street, New Haven, Connecticut which was previously accounted for by the Hospital as a capital
lease. Under the terms of the capital lease, the Hospital was obligated to purchase the building after
an initial lease term of 3 years. In satisfaction of that obligation, the Hospital purchased the building
and immediately sold the building to a third-party investor, The Hospital currently leases the
building from the investor under a long-term operating lease. The Hospital owns the land on which
the building is located and has entered into a prepaid long-term ground lease with the investor.

In connection with the May 2015 purchase of a parcel of real estate, the Hospital assumed a note
payable with an effective interest rate of 5.46%. The note payable has a term of three years and
matures in May 2017.

Assets recorded under the capital lease obligations totaled $57.3 million and $70.2 million as of
September 30, 2015 and 2014, respectively. Accumulated depreciation for the capital lease
obligations totaled $9.7 million and $19.0 million at September 30, 2015 and 2014, respectively.
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Pensions and Postretivement Benefits

Y-NHH has qualified and nonqualified defined benefit pension plans covering substantially all employeces
and executives. The benefits provided are based on age, years of service and compensation. Y-NHH’s
policy is to fund the pension benefits with at least the minimum amounts required by the Employee
Retirement Tncome Security Act of 1974.

Y-NHH also sponsors contributory 403(b)and 401(k) plans covering substantially all employees.
YNEHNC’s contributions for the 403(b) plan are made to a matching 401(a) plan and are determined based
on employee contributions and years of service. The Hospital expensed approximately $40.4 million and
$32.9 million relating to the defined contribution plan for the years ended September 30, 2015 and 2014,
respectively. Amounts due to the defined contribution plan amounted to $23.5 million and $16.5 million at
September 30, 2015 and 2014, respectively, and is included in accrued expenses in the accompanying
balance sheets, Y-NHI maintains a Section 457 nonqualified deferred compensation plan. Contributions
are made on a pre-tax basis. The balances recorded at September 30, 2015 and 2014, in other assets and
other long-term liabilities were $34.4 million and $32.5 million, respectively.

Y-NHH also provides certain health care and life insurance benefits upon retirement to substantially all its
employees. Y-NHH’s policy is to fund these annual costs as they are incurred from the general assets of
Y-NHH. The estimated cost of these postretirement benefits is actuarially determined and accrued over the
employees’ service periods.

Included in unrestricted net assets at September 30, 2015 and 2014, are the following amounts that have
not yet been recognized in net periodic pension cost: unrecognized prior service credit of $20.4 million and
$22.4 million, respectively, and unrecognized actvarial losses of $172.4 million and $162.0 million,
respectively. The prior service credit and actuarial loss included in vnrestricted net assets and expected to
be recognized in net periodic pension cost during the year ending September 30, 2016, are $2.0 million and
$6.9 million, respectively.
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The following table sets forth the change in benefit obligation, change in plan assets, and the reconciliation

of underfunded status of Y-NHH’s defined benefit plans as of September 30, 2015 and 2014 (in
thousands):

Defined Benefit Postretirement
Pension Plans Benefit Plans
2015 2014 2015 2014
Change in benefit obligation:

Benefit obligation at prior

measurement date b 302,711 445,908 78,136 67,904
Service cost 20,805 22,532 3,789 3,617
Interest cost 20,652 20,896 3,393 3,270
Plan amendments - - — — (577
Actuarial loss (gain) (15,213) 37,881 (14,067) 5,413
Benefits paid (27,013) (24,506) (1,670) (1,491)
Benefit obligation at current

measurement date 502,032 502,711 69,581 78,136

Change in plan assets:

Fair value of assets af prior

measurement date 347,238 313,730 S —
Actual return on plan assets (19,519) 19,950 —_ —_
Employer contributions 39,963 38,064 1,670 1,491
Benefits paid (27.013) (24,506) (1,670) (1.491)
Fair value of assets at current

measurement date 340,669 347,238 — —

Accrued benefit cost $ 161,363 155,473 69,581 78,136

(a)  Benefit Obligation and Assunmptions

The actuarial loss in 2015 primarily relates to changes in the discount rate and mortality table used to

measure the benefit obligation and the actuarial gain in 2014 primarily relates to changes in the
discount rate.

The projected benefit obligation, accumulated benefit obligation and fair value of plan assets for the
defined benefit plans were as follows (in thousands):

2015 2014
Projected benefit obligation $ (502,032) (502,711)
Accumulated benefit obligation (443,165) (428,547)
Fair value of plan assets 340,669 347,238
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At September 30, 2015 and 2014, the underfunded status of the qualified defined benefit pension
plan was approximately $111.1 million and $107.6 million, respectively, and that of the nonqualified
defined benefit pension plan was approximately $50.2 million and $47.9 million, respectively.
Additionally, there are assets limited as to use of approximatcly $78.8 million and $77.9 million,
which are available to satisfy the obligations of the nonqualified defined benefit pension plan at
September 30, 2015 and 2014, respectively.

The net periodic benefit cost for the years ended September 30, 2015 and 2014, is as follows
(in thousands):

Defined Benefit Postretirement
Pension Plans Benefit Plans
2015 2014 2015 2014

Seryice cost $ 20,895 22.532 3,789 3,617

Interest cost 20,652 20,894 3,392 3,270

Expected return on plan assets (27.952) {25,377) — —_
Amortization of prior service

cost (1,951) (2,035) 37 86

Recognized net actuarial loss 7,806 5,294 — —=

Net periodic
benefit cost 5 19,450 21,310 7,144 6,973

Weighted average assumptions and dates used to determine benefit obligations at September 30,
2015 and 2014 are as follows:

Defined Benefit Postretirement
Pension Plans Benefit Plans
2015 2014 2015 2014

Discount rate for determining

benefit obligations at

year-end, qualified plan 4.30% 4.20% 4.50% 4.40%
Discount rate for determining

benefit obligations at

vear-end, nonqualified plan 4.50% 4.40 — £
Rate of compensation increase 4.0%-5.0% 5.00 — 22
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Weighted average assumptions used to determine net periodic benefit cost for the years ended
September 30, 2015 and 2014, are as follows:

Defined Benefit Postretirement
Pension Plans Benefit Plans
2015 2014 2015 2014

Discount rate for determining

net periodic benefit cost at

year-end, qualified plan 4.20% 4.80% 4.40% 4.90%
Discount rate for determining

net periodic benefit cost at

year end, nonqualified plan 4.40 4.90 — —
Expected rate of return on plan

assets .75 795 — =
Rate of compensation increase 5.00 5.00 — —

For measurement purposes relating to the postretirement benefits plan, a 4.0% and 5.0% annual rate
of increase in the per capita cost of covered health care benefits was assumed for fiscal 2015 and
fiscal 2014, respectively.

Assumed health care cost trend rate assumptions have a significant effect on the amounts reported. A
1% change in the assumed healthcare cost trend rate would have the following effects (in thousands):

1% 1%
Increase Decrease
Effect on total of service and interest cost components $ 50 (59)
Effect on postretirement benefit obligation 335 (381)

The asset allocation of Y-NHH’s qualified pension plan at September 30, 2015 and 2014, was as
follows:

Target Percentage of
allocation plan assets
Asset category 2016 2015 2014
Equity securities 42% 47% 39%
Debt securities 17 17 18
All other assets 41 36 43
Total 100% 100% 100%
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Pension assets carried af fair value, as of September 30, 2015 and 2014, are classified in the

following tables (see Footnote 14 for deseription) (in thousands):

Investments
classified in

Investments the fair value
measured at hierarchy
NAY Level 1 Total
Money market funds b — 5 5136 $ 5,136
Money market funds — . -
U.S. equify securities 37.450 40,885 78,335
International equity securities 35,119 44,182 79,301
Fixed income:
U.S. government 28,183 — 28,183
Corporate debt == = =
International government 10,776 19.975 30,751
Commodities 7,951 — 7,951
Private equity 6,238 6,238
Real estate — — —
Hedge funds:
Long/short equity — — —
Multi strategy/other 87,681 — 87,681
Real estate 17,093 — 17,093
Beneficial interest in remainder
trusts — — —
8 230,491 § 110,178 § 340,669
Investments
classified in
Investments the fair value
measured at hierarchy
NAV Level 1 Total
Money market funds $ — % 14,528 § 14,528
U.8. equity securities 10,673 49,322 59,995
International equity securities 11,554 62,254 73,808
Fixed income:
U.S. government 42,800 — 42,800
International government 9,489 20,607 30,096
Commoaodities 23,509 — 23,509
Private cquity 3,417 3,417
Hedge funds:
Long/short equity 341 == 341
Multi strategy/other 79,300 — 79,300
Real estate 19,444 — 19,444
$ 200,527 § 146,711 § 347,238
35 (Continued)

200



YALE NEW HAVEN HOSPITAL AND SUBSIDIARIES
Notes to Conselidated Financial Statements
September 30, 2015 and 2014

There are no pension investments that are measured at fair value based on Level 3 inputs at
September 30, 2015 or 2014.

(b)  Description of Investment Policies and Strategies

Y-NHIH’s investment strategy for ifs pension assets balances the liquidity needs of the pension plan
with the long-term return goals necessary to satisfy future pension obligations. The target asset
allocation seeks to capture the equity premium granted by the capital markets over the long-term,
while ensuring security of principal to meet near-term expenses and obligations through the fixed
income allocation. The allocation of the investment pool to various sectors of the markets is designed
to reduce volatility in the portfolio. Y-NHH?s pension portfolio return assumption of 7.75% is based
on the fargeted weighted average return of comparative market indices for the asset classes
represented in the portfolio and discounted for pension expenses. The actual refurn on assets of the
pension plan was (5.2%) and 7.4% for the years ended September 30, 2015 and 2014, respectively.

(c) Cash Flows

The future cash flows of Y-NHH relative to retirement benefits are expected to be as follows (in

thousands):
Defined
benefit Postretirement
pension plans benefits plan
Estimated benefit payments related to
years ending September 30:
2016 8 26,471 2,131
2017 27,698 2,399
2018 29,624 2,606
2019 30,946 2,835
2020 33,473 3,073
2021 to 2025 190,454 20,305

Y-NHH expects to contribute approximately $34.0 million for pension benefits and $2.1 million for
postretirement benefits payments in fiscal 2016.

(9) Professional Liability Insurance

In 1978, the Hospital and a number of other academic medical centers formed the Medical Centre
Insurance Company, Ltd (the Captive) to insure for professional and comprehensive general liability risks.
Tn 1997, the Captive formed MCIC Vermont, Inc. fo write direct insurance for the professional and general
liability risks of the shareholders. Since 1997, the Captive has acted as a reinsurer for varying levels of per
claim limit exposure. MCIC Vermont, Inc. has reinsurance coverage from outside reinsurers for amounts
above the per claim limits. Premiums are based on claims made coverage and are actuarially determined
based on actual experience of the Hospital, the Captive and MCIC Vermont, Inc.

In fiscal 1998, the Hospital entered into a purchase and sales management agreement with YNHHSC that
transferred the Hospital’s participation in the Captive to YNHHSC for its book value as calculated by the
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Captive. Under the terms of the agreement, the Hospital retains certain elements of control and assumes
limited risk associated with the ongoing operation of the Captive. The Hospital pays insurance premiums
to YNHHSC.

Additionally, because the purchase and sales management agreement entered info with YNHHSC in 1 998
meet criteria for deposit accounting, the Hospital recorded an actuarially determined liability for IBNR
professional and general liabilities with an offsetting deposit (asset) of an equal amount (approximately
$11.8 million).

The estimate for claims-made professional liabilities and the estimate for incidents that have been incurred
but not reported aggregated approximately $116.6 million and $105.2 million at September 30, 2015 and
2014, respectively for the Hospital. The undiscounted estimate for incidents that have been incurred but
not reported aggregated approximately $43.5 million and $40.6 million for the Hospital at September 30,
2015 and 2014, respectively, and is included in professional insurance liabilities in the accompanying
consolidated statements of financial position at the actuarially determined present value of approximately
$39.9 million and $36.8 million, tespectively, based on a discount rate of 2.0% and 2.5% for the years
ended September 30, 2015 and 2014, respectively.

The Hospital has recorded related insurance recoveries receivable of approximately $76.9 million and
$68.4 million at September 30, 2015 and 2014, respectively, in consideration of the expected insurance
recoveries for the total discounted claims-made insurance. The current portion of professional liabilities
and the related insurance receivable represents an estimate of expected seitlements and insurance
recoveries over the next 12 months.

Lukan, the Hospital sponsored professional liability program, continues to manage all incidents and claims
reported to Lukan prior to the 2012 acquisition of the Saint Raphael Healthcare System Inc. (SRHS), as
well as extending professional liability coverage for post acquisition risks to certain affiliated conununity
clinicians.

Prior to the acquisition of SRHS, Caritas provided excess professional liability and general liability
insurance to SRHS and their employed clinicians. Caritas continued to manage all incidents and claims
reported prior to the acquisition of SRHS and are included in the amounts above.

Caritas and Lukan have recorded the undiscounted estimate for claims-made professional liabilities and the
estimate for incidents that have been incurred but not reported aggregated of approximately $29.6 million
at September 30, 2014, and are included in professional liabilities in the accompanying consolidated
statements of financial position.

In October 2014, the Hospital disposed of its interest in Caritas and Lukan (the Captives) through a
novation agreement with Medical Centre Insurance Company, Ltd (MCIC) for a total price of
approximately $40.2 million. The novation agreement assigns and transfers all of the Captives® past,
present and future rights, risks, liabilities and obligations, and transfers substantially all of the assets of the
Captives to MCIC. The Hospital dissolved the Captives in the fiscal year ended September 30, 2015.

The estimates for professional insurance liabilities are based upon complex actuarial calculations which
utilize factors such as historical claims experience for Y-NHH and related industry factors, trending
models, estimates for the payment patterns of future claims and present value discount factors. As a result,
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there is at least a reasonable possibility that recorded estimates will change by a material amount in the
near term. Revisions to estimated amounts resulting from actual experience differing from projected
expectations are recorded in the period the information becomes known or when changes are anticipated.

Commitments and Contingencies

(@)

(%)

(c)

(d)

Leases

YNHH leases certain office, clinical and parking spaces under noncancelable operating leases that
range in terms ending in 2016 through 2039. Future minimurn lease payments under these leases are
as follows (in thousands):

2016 $ 23.387
2017 21,391
2018 19,611
2019 18,917
2020 10,424
Thereafter 110,729

$ 204,659

Y-NHI incurred pet rent expense under these leases of approximately $23.5 million for the year
ended September 30, 2015, and $18.7 million for the year ended 2014.

Cancer Hospital

The Hospital has a shared facilities and services agreement with the University in connection with
the Cancer Hospital which is recorded as deferred revenue. Deferred revenue, from this agreement,
at September 30, 2015 and 2014, was $42.7 million and $44.0 million, respectively.

Inpatient Rehabilitation Unit Agreement

During September 2014, the Hospital entered into an agreement with another health care provider to
provide a framework for implementing programs in & manner that is consistent with the charitable
mission of each organization and the communities they serve. Under the terms of the agreement the
Hospital will utilize beds at the health care provider’s location under a lease arrangement to provide
inpatient rehabilitation services to its patients. In addition, Y-NHI will furnish an $8.0 million term
loan to the health care provider.

Litigation

Various lawsuits and claims arising in the normal course of operations are pending or are in progress
against the Hospital. Such lawsuits and claims are either specifically covered by insurance as
explained in note 9 or are deemed to be immaterial. While the outcomes of the lawsuits and claims
cannot be determined at this time, management believes that any loss which may arise from these
actions will not have a material adverse effect on the consolidated financial position or changes in
net assets of the Hospital.
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The Hospital has received requests for information from certain governmental agencies relating to,
among other things, patient billings. These requests cover several prior years relating to compliance
with certain laws and regulations. Management is cooperating with those governmental agencies in
their information requests and ongoing investigations. The ultimate results of those investigations,
including the impact on the Hospital, cannot be determined at this time.

(11) Functional Expenses

The Hospital provides general acute health care services to residents within its geographic area. Net
expenses related to providing these services are as follows (in thousands):

Year ended September 30

2015 2014
Health care services $ 1,980,819 1,796,828
General and administrative 462,224 506,797
$ 2,443,043 2,303,625

(12) Related-Party Transactions

The Hospital provided facility space and certain services to related parties as follows (in thousands):

Year ended September 30

2015 2014
Recovery of expenses:
YNHHSC:
Facility rental 5 3,214 3,066
Shared services — 2
$ 3,214 3,068
Bridgeport Hospital:
Resident fees 3 2,897 2,477
Other 1,157 999
5 4,054 3,476

YNIHSC is the sole member Bridgeport Hospital.
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The Hospital purchased certain services from YNHHSC as follows (in thousands):

Operating expenses:

Professional and general liability insurance

Information systems
System business office
Other business services

$

$

Year ended September 30

2015 7014
20,470 26,887
69,769 62,472
65,421 31,189
74,620 99,886

230,280 220,434

Amounts receivable from and payable to related organizations included in other receivables, accounts
payable and other long-term liabilities, respectively, in the consolidated balance sheets are as follows (in

thousands):

Other reccivables:
YNHHSC

Accounts payable:
YNHHSC
Bridgeport Hospital

Northeast Medical Group, Ine.

Greenwich Hospital
Other long-term liabilities:
YNHHSC

B

Year ended September 30

2015 2014
6,889 5,875
6,889 5,875

19,236 41,038
484 890
7,985 2,610
428 85
54,380 52,486
82,513 97,109

The Hospital maintains certain investments for YNHHSC employees that participate in YNHH’s
sponsored benefit plans. The costs associated with the YNHHSC employees that participate in benefit

plans are recovered by the Hospital.

The Hospital funds certain capital assets purchased by YNHHSC. Included in prepaid expenses and other
assets were approximately $12.1 million and $71.8 million, respectively, at September 30, 2015, and

approximately $30.3 million and §72.2 million, respectively, at September 30, 2014,

Additionally, for the year ended 2014, the Hospital funded YNHHSC approximately $2.1 million, as part
of its participation in the New Clinical Program Development Corporation (NCPDC). There was no
funding for the year ended September 30, 2015. The NCPDC was established for the purpose of funding
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and supporting clinical research and clinical programs. The NCPDC Board approves the funding of
initiatives.

Included in the consolidated statement of changes in net assets are amounis funded by the Hospital for
physician related strategic mission support for NEMG of approximately $12.5 million and £14.0 million
for the years ended September 30, 2015 and 2014, respectively.

Other Revenue

Other revenue consisted of the following (in thousands):

Year ended September 30

2015 2014
Cafeteria and vending $ 11,433 10,605
Contributions 3,406 5,495
Parking income 7,768 6,485
Net assets released from restrictions for operations 9,854 3,099
Net assets released from resirictions for free care 596 613
Net assets released from restrictions for medical
research and clinical programs 881 5,269
Grants 18,175 13,574
Rental income 1,196 1,704
Electronic health records incentive payment 981 3,037
Other 10,387 10,572
b 64,677 60,453

The American Recovery and Reinvestment Act of 2009 included provisions for implementing health
information technology under the Health Information Technology for FEeconomic and Clinical Health Act
(HITECH). The provisions were designed to increase the use of electronic health record (EHR) technology
and establish the requirements for a Medicare and Medicaid incentive payment program beginning in 2011
for eligible providers that adopt and meaningfully use certified EHR technology. Eligibility for annual
Medicare incentive payments is dependent on providers demonstrating meaningful use of EHR technology
in each period over a four-year period. Initial Medicaid incentive payments are available to providers that
adopt, implement or upgrade certified EFIR technology. In subsequent yeats, providers must demonstrate
meaningful use of such technology to qualify for additional Medicaid incentive payments. Hospitals that
do not successfully demonstrate meaningfil use of EHR technology are subject to payment penalties or
downward adjustments to their Medicare payments beginning in federal fiscal year 2015.

The Hospital uses a grant accounting model to recognize revenue for the Medicare and Medicaid EHR
incentive payments. Under this accounting policy, EHR incentive payment revenue is recognized when the
Hospital is reasonably assured that the EHR meaningful use criteria for the required period of time were
met and that the grant revenue will be received. Medicare EHR incentive payment revenue was
approximately $1.0 million and $2.0 million, respectively, for the years ended September 30, 2015 and
2014, and Medicaid EHR incentive payment revenue was approximately $1.0 million for the year ended
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September 30, 2014. The Hospital did not receive any Medicaid EHR incentive payments for the year
ended September 30, 2015. EHR incentive payment revenue is included in other revenue in the
accompanying consolidated statement of operations and changes in nel assets. Income from incentive
payments is subject to retrospective adjustment upon final settlement of the applicable cost report from
which payments were calculated. Additionally, the Hospital’s attestation of compliance with the
meaningful nse criteria is subject to audit by the federal government.

Nonoperating Gains (Losses)
Nonoperating gains and losses, net consisted of the following (in thousands):

Year ended September 30

2015 2014
Income from investments, donations and other, net $ 4,219 3,162
Discontinued operations (725) —
Income attributable to noncontrolling interest (1,674) (2,320)
Change in unrealized gains and losses on investments 20,129 75,949
Change in fair value of swaps, including counterparty
payments (28.248) (16,357)
Loss on refunding of long-term debt — (32,631)
b (6,299) 27,803
Contributions received consisted of the following (in thousands):
Year ended September 30
2015 2014
Unrestricted b 870 840
Temporarily restricted 17,989 12,827
Permanently restricted 13,655 3,492
Total contributions 32,514 17,159
Less fundraising expenses (4,049) (4,704)
Contributions, net $ 28,465 12,455

During 2015, the Attorney General approved the transfer of certain philanthropic funds to Y-NHH from
the Hospital of Saint Raphael and its Foundation related to Y-NHH’s acquisition of the Hospital of Saint
Raphael in FY 2012. The funds approved for transfer are included as contributions to temporarily restricted
net assets and permanently restricted net assets totaling $8.8 million and $11.5 million, respectively, for the
year ended September 30, 2015.

Fair Value Measurements

In determining fair value, the Hospital utilizes valuation techniques that maximize the use of observable
inputs and minimize the use of unobservable inputs. The Hospital also considers nonperformance risk in
the overall assessment of fair value,
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ASC 820-10. Fair Value Measurements and Disclosures, establishes a valuation hierarchy for fair value
disclosure purposes. This hierarchy is based on the transparency of the inputs utilized for the valuation.

The levels are defined as follows:

° Net Asset Value: Determined by the respective external investment managers, including general
partners, if market values are not readily ascertainable.

e Level 1: Quoted prices in active markets that are accessible at the measurement date for identical
assets or liabilities. This established hierarchy assigns the highest priority to Level 1 assets.

e Level 2; Observable inputs that are based on data not quoted in active markets, but corroborated by

marlet data.

e Level 3: Unobsetvable inputs that are used when little or no market data is available. The Level 3

inputs are assigned the lowest priority.

Financial assets carried at fair value as of September 30, 2015, are classified in the following table by level
within the fair value hierarchy as described above (in thousands):

Investments
classified
in the fair
Investments value
measured at hierarchy
NAY Level 1 Level 2 Total
Cash and cash equivalents h — ¥ 103,628 % — § 103.628
Money market funds — 50,943 - 50,943
U.S. equity securities 13,131 57,359 — 70,490
International equity securities 18.420 46,020 = 64.440
Fixed income:

1.8, government 247,394 49,022 — 296,416

International government 36,757 48,187 — 84,944
Commodities 82 — — 82
Real estate 6,781 — — 6.781
Hedge funds:

Absolute return 10,554 — = 10,554
Perpetual trusts 18,050 —_ — 18,050
Tnterest in Yale University

endowment pool 768,495 — — 768,495

Total investments as
of September 30, 2015 by 1,119,664 § 355,159 % — 3 1,474,823
Liabilities:

Interest rate swap $ — % — § (50.599) § (50,599)
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Financial assets carried at fair value as of September 30, 2014, are classified in the following table by level
within the fair value hierarchy as desctibed above (in thousands):

Investments value
measured at hierarchy
NAV Level 1 Level 2 Total
Cash and cash equivalents § — % 69,250 § — § 69,250
Money market funds — 129,823 — 129,823
1.8, equity securities 11.274 47912 — 59,186
International equity securities 11,397 59,274 - 70,671
Fixed incoms:
1.8, government 137.423 120,701 == 258,126
Corporate debt — - — -
International government 30.873 46,833 —_ 77.706
Commodities 122 — — 122
Real estate 9.628 — — 9,628
Hedge funds:
Absolute return 10,304 — - 10,304
Beneficial interest in remainder
trusts 17,797 — — 17,797
Interest in Yale University
endowment pool 685,862 - — 685,862
Total investments as
of September 30, 2015 3 014,682 § 473,793 & — 5 1,388,475
Liabilities:
Tnterest rate swap $ — ¥ — ¥ (32.316) § (32,316)

The fair value of debt was approximately $829.7 million and $808.5 million at September 30, 2015 and
2014, respectively. The fair value of the capital leases was approximately $51.7 million and $54.5 million
at September 30, 2015 and 2014, respectively. The fair value of long-term debt is classified as Level 2 in
the fair value hierarchy as it uses a combination of quoted market prices and valuation based on current
market rates.

There are 1o assets or liabilities that are measured at fair value based on Level 3 inputs at September 30,
2015 or2014. :

The interest rate swaps listed above are classified in the accompanying balance sheets as other long-term
liabilities at September 30, 2015 and 2014.

44 (Continued)
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YALE. NEW HAVEN HOSPITATL AND SUBSIDIARIES
Notes to Consolidated Financial Statements
September 30, 2015 and 2014

The following is a summary of total investments as of September 30, 2015, with restrictions to redeem the
{nvestments at the measurement date, any unfunded capital commitments and investment strategies of the

investees (in thousands):

Carrying Unfunded Redemption Notice Funds
Deseription of investment value commitment frequency period availability
Real estate § 6,781 2,295 NIA N/A N/A
Commodities 82 — NiA N/A N/A

Subsequent Events

Subsequent events have been evaluated through December 23, 2015, which is the date the consolidated
financial statements were issued. No events, except as noted above, have occurred that require disclosure

or adjustment of the consolidated financial statements.
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YALE-NEW HAVEN HOSPITAL

Proposal for the Replacement of SPECT CT
Yale-New Haven Hospital

Assumptions
Net Revenue Rate Increases FY 2016 FY 2017 FY 2018
1) Government 0-1% 0-1% 0-1%
2) Non-Government 1-22% 1-2.2% 1-22%
FY 2016 FY 2017 FY 2018
EXPENSES
Salaries and Fringe Benefits 1.0% 1.0% 1.0%
Non-Salary
1) Medical and Surgical Supplies 1.3% 1.3% 1.3%
2) Pharmacy and Solutions 1.3% 1.3% 1.3%
3) Malpractice Insurance 2.3% 2.3% 2.3%
4) Professional and Confracted Services 1.0% 1.0% 1.0%
5) All Other Expenses 2-3% 2-3% 2-3%
FY 2016 FY 2017 FY 2018
FTEs
1) Total estimated FTEs 11,235 11,323 11,345

Note - The above increase projections reflect all changes relating to Medicare and Medicaid reimbursement

regulations.
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Greer, Leslie

From: Veyberman, Alla

Sent: Friday, January 27, 2017 3:04 PM

To: Fernandes, David; McKennan, Matthew (Matthew.McKennan@YNHH.ORG)
Cc: Greer, Leslie; Riggott, Kaila

Subject: Completeness letter 16-32124

Attachments: 16-32124-CON Completeness letter.docx

Good afternoon Mr. McKennan,

Please see the attached completeness letter in the matter of the proposed acquisition of two SPECT/CT cameras to
replace two SPECT cameras. In responding to the completeness letter, please follow the instructions included in the
letter and provide the response document as an attachment only (no hard copies required). Please provide your written
responses to OHCA by March 28, 2017.

Email to OHCA@ct.gov and cc: Kaila.Riggott@ct.gov.

If you have any questions regarding the completeness letters, please contact Kaila Riggott at (860) 418-7037.
Please confirm receipt of this email.

Thank You,

Alla Veyberman, MS

CT Department of Public Health
Office of Health Care Access (OHCA)
Phone: 860.418.7007

Fax: 860.418.7053

Email: Alla.Veyberman@ct.gov

Connedticul Department
of Public Health



STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

Dannel P. Malloy
Governor

Raul Pino, M.D., M.PH.

S Nancy Wyman
Commissioner

Lt. Governor

Office of Health Care Access
January 27, 2017 Via Email Only

Mr. Matthew McKennan

Assistant Counsel

Yale New-Haven Hospital

Legal & Risk Services Department
789 Howard Avenue

New Haven, CT 06510
Matthew.McKennan@YNHH.ORG

RE: Certificate of Need Application: Docket Number: 16-32124-CON
Acquisition of Two SPECT/CT cameras to replace two existing SPECT cameras

Dear Mr. McKennan:

On December 29, 2016, the Office of Health Care Access (“OHCA”) received your Certificate of Need
(“CON”) application filing on behalf of Yale-New Haven Hospital (“Applicant”) proposing to acquire

two Single Photon Emission Computed Tomography-Computed Tomography cameras (“SPECT/CT”)

to replace two existing SPECT cameras, with a total associated cost of $ 927,862.

OHCA requests additional information pursuant to Connecticut General Statutes 819a-639a(c). Please
“reply all’” to electronically confirm receipt of this email as soon as you receive it. Provide responses
to the questions below in both a Word document and PDF format as an attachment to a responding
email. Please email your responses to all of the following email addresses: OHCA@ct.gov and
kaila.riggott@ct.gov.

Paginate and date your response (i.e., each page in its entirety). Repeat each OHCA question before
providing your response. Information filed after the initial CON application submission (e.g.,
completeness response letter, prefiled testimony, late file submissions, etc.) must be numbered
sequentially from the Applicant’s preceding document. Begin your submission using Page 219 and
reference “Docket Number: 16-32124-CON.”

Pursuant to Section 19a-639a(c) of the Connecticut General Statutes, you must submit your response to
this request for additional information no later than sixty days after the date this request was
transmitted. Therefore, please provide your written responses to OHCA no later than March 28, 2017,
otherwise your application will be automatically considered withdrawn.

DPH Phone: (860) 418-7001 e Fax: (860) 418-7053
410 Capitol Avenue, MS#13HCA
Hartford, Connecticut 06134-0308
www.ct.gov/dph
Affirmative Action/Equal Opportunity Employer


mailto:OHCA@ct.gov
mailto:kaila.riggott@ct.gov

Yale New Haven Hospital Page 2 of 2
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10.

11.

How will Yale-New Haven Hospital dispose of the existing SPECT cameras?
What specific types of scans will be performed by each camera?

Can CT capability be added onto the existing 2014 SPECT camera located at 1450 Chapel
Street?

Will there be a gap in services during the cameras’ installation period? If yes, how will the
patients be served?

Verify the construction cost is the same for both locations and explain why.
Provide a separate Capital Expenditures table for each of the proposed cameras.

Explain why there is no utilization reported in Table 9 on page 39 for one of the existing
SPECT cameras located at 20 York Street.

Explain why volumes are projected to remain flat as indicated on Table 5, page 30 of the
application, given historical volume fluctuation/decline.

Please reconcile the Projected Incremental expenses on Financial Worksheet A with Table 4 on
page 34, as the figures for incremental Depreciation and Amortization do not agree.

Update Tables 4, 6, 7 and Financial Worksheet A to reflect the 3 projected fiscal years, 2018-
2020.

Please update Table 5 on page 35 with year-to-date volume for the current fiscal year, 2017.

If you have any questions concerning this letter, please feel free to contact Kaila Riggott at (860) 418-

7037.



Greer, Leslie

From: McKennan, Matthew <Matthew.McKennan@YNHH.ORG>
Sent: Friday, January 27, 2017 3:19 PM

To: Veyberman, Alla; Fernandes, David

Cc: Greer, Leslie; Riggott, Kaila

Subject: RE: Completeness letter 16-32124

Thank you. Have a nice weekend.
Matt

Matt McKennan
Assistant Counsel

Legal & Risk Services Department
789 Howard Avenue, CB 230
New Haven, CT 06510

Office: 203-688-7361
Cell: 203-907-9858

faleNewHavenHealth

From: Veyberman, Alla [mailto:Alla.Veyberman@ct.gov]
Sent: Friday, January 27, 2017 3:04 PM

To: Fernandes, David; McKennan, Matthew

Cc: Greer, Leslie; Riggott, Kaila

Subject: Completeness letter 16-32124

Good afternoon Mr. McKennan,

Please see the attached completeness letter in the matter of the proposed acquisition of two SPECT/CT cameras to
replace two SPECT cameras. In responding to the completeness letter, please follow the instructions included in the
letter and provide the response document as an attachment only (no hard copies required). Please provide your written
responses to OHCA by March 28, 2017.

Email to OHCA@ct.gov and cc: Kaila.Riggott@ct.gov.

If you have any questions regarding the completeness letters, please contact Kaila Riggott at (860) 418-7037.
Please confirm receipt of this email.

Thank You,

Alla Veyberman, MS

CT Department of Public Health
Office of Health Care Access (OHCA)
Phone: 860.418.7007

Fax: 860.418.7053

Email: Alla.Veyberman@ct.gov




User, OHCA

s
From: McKennan, Matthew <Matthew.McKennan@YNHH.ORG>
Sent: Wednesday, February 22, 2017 11:45 AM
To: Veyberman, Alla; Fernandes, David; User, OHCA
Cc: Greer, Leslie; Riggott, Kaila
Subject: RE: Completeness letter 16-32124
Attachments: Final Response to CQ 16-32124-CON.pdf; Final Response to Completeness

Questions.docx; Updated CQ Financial Worksheet A.xlsx

All -

Please find attached the response from Yale New Haven Hospital to the completeness questions issued by OHCA on
January 27 related to Docket No. 16-32124-CON.

Thank you.
Matt

Matt McKennan
Assistant Counsel

Legal & Risk Services Department
789 Howard Avenue, CB 230 e S
New Haven, CT 06510 MEBEIV = =

Office: 203-688-7361 oy
Cell: 203-907-9858 [ | FEh 24 2011 -

YaleNewHavenHealth [ > Faanill

From: Veyberman, Alla [mailto:Alla.Veyberman@ct.gov]
Sent: Friday, January 27, 2017 3:04 PM

To: Fernandes, David; McKennan, Matthew

Cc: Greer, Leslie; Riggott, Kaila

Subject: Completeness letter 16-32124

Good afternoon Mr. McKennan,

Please see the attached completeness letter in the matter of the proposed acquisition of two SPECT/CT cameras to
replace two SPECT cameras. In responding to the completeness letter, please follow the instructions included in the
letter and provide the response document as an attachment only (no hard copies required). Please provide your written
responses to OHCA by March 28, 2017.

Email to OHCA@ct.gov and cc: Kaila.Riggott@ct.gov.

If you have any questions regarding the completeness letters, please contact Kaila Riggott at (860) 418-7037.
Please confirm receipt of this email.

Thank You,



Yale
NewHaven
Health

Yale New Haven
Hospital

February 22, 2017
VI4 EMAIL

Ms. Kimberly Martone

Director of Operations

Office of Health Care Access (OHCA)
410 Capitol Avenue, MS #13HCA
P.O. Box 340308

Hartford, CT 06134

Re:  Certificate of Need Application: Docket Number: 16-32124-CON
Acquisition of two SPECT/CT cameras to replace two existing SPECT cameras

Dear Ms. Martone:

Please find enclosed the response from Yale New Haven Hospital to the questions issued
by the Office of Health Care Access on January 27, 2017, related to the replacement of
two SPECT cameras with two SPECT/CT cameras under Docket No. 16-32124-CON.

Thank you for your timely atiention to this matter.

Sincerely,

Mo M T

Matt McKennan

Assistant Counsel

Yale New Haven Health Services Corporation
Legal & Risk Services Department

789 Howard Avenue (CB230)

New Haven, CT 06510
Matthew.McKennan@ YNHH.ORG
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Yale New Haven Hospital

Acquisition of Two SPECT/CT Cameras to Replace
Two Existing SPECT Cameras

Docket Number: 16-32124-CON

Response to Completeness Questions

February 22, 2017
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Yale-New Haven Hospital
Certificate of Need Application
Docket Number: 16-32124-CON

Acquisition of Two SPECT/CT Cameras to Replace
Two Existing SPECT Cameras

Response to Completeness Questions

1. How will Yale-New Haven Hospital dispose of the existing SPECT cameras?

Response:
Yale New Haven Hospital (YNHH) intends to trade-in the existing equipment with the vendor.

2. What specific types of scans will be performed by each camera?

Response:

These cameras are part of the YNHH Heart and Vascular Center and perform myocardial
perfusion studies, which are non-invasive imaging tests that shows how well blood flows through
the heart muscle. A radioactive tracer is injected into the patient and a nuclear camera (SPECT or
SPECT/CT) is then used to capture images of the heart after exercise, rest, or both to show areas
of the heart with blocked arteries or injured by heart tissue. The benefits of the SPECT/CT
include the attenuation correction offered by the CT component which eliminates shadows or
artifacts in the image created by variations in the density of overlying tissues. This results in a
higher quality image that can be more confidently interpreted by the patient’s cardiologist.

3. Can CT capability be added onto the existing 2014 SPECT camera located at 1450
Chapel Street?

Response:
No, this camera is not designed for an add-on of the CT component.

4. Will there be a gap in services during the cameras’ installation period? If yes, how will
the patients be served?

Response:

There will be no gap in services. The installation period is approximately one (1) week, and
during this time patients will continue to have access to myocardial perfusion testing with the
second SPECT camera located on the Saint Raphael Campus, or with any of the other SPECT
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cameras located on the York Street Campus, and in North Haven and Norwich. Patients will be
able to schedule exams at any one of these locations during the one (1) week installation period.

5. Verify the construction cost is the same for both locations and explain why.

Response:

Yes, the construction cost is the same for both locations. This cost is a conservative estimate
based on the installation of a new footprint and bed for both machines; no major construction
expenses are required for either site beyond these typical costs of installation.

6. Provide a separate Capital Expenditures table for each of the proposed cameras.

Response:

SPECT/CT at the YNHH Saint Raphael Campus:

Purchasel/Lease Cost :
Equipment (Medical, Non-medical, tmaging) 453,931
Land/Building Purchase*

Construction/Renovation** 10,000

Other (specify) -
Total Capital Expenditure (TCE)} 463,931

Lease (Medical, Non-medical, Imaging)** 0

Total Lease Cost {TLG} 0

Total Project Cost {TCE+TLC) 463,931

SPECT/CT at the YNHH Guilford Site:

Purchase/Lease Cost
Equipment (Medical, Non-medical, Imaging) 453,931
Land/Building Purchase*

Construction/Renovation™ 10,000
Other (specify)

Total Capital Expenditure (TCE) 463,931
Leage (Medical, Non-medical, Imaging)™* 0
Total Lease Cost (TLC) 0

Total Project Cost (TCE+TLC) 463,931
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7. Explain why there is no utilization reported in Table 9 on page 39 for one of the existing
SPECT cameras located at 20 York Street.

Response:

This camera is old and the technology is not the most appropriate for myocardial perfusion
studies; therefore, it is rarely used for this type of scan. There is little to no volume reported for
this camera because it does not typically perform myocardial perfusion studies, which are the
type of exams performed by all of the other cameras in Table 9. This camera is still suitable and
used for multiple gated acquisition studies (“MUGA”) which are imaging tests that enable a
physician to analyze blood pooling in the heart to assess its size and function. It is listed in Table
9 because it may be used once a year to perform a myocardial perfusion study if a patient is not
able to lie flat or exceeds the weight limit of the table for the other cameras.

8. Explain why volumes are projected to remain flat as indicated on Table §, page 30 of the
application, given historical volume fluctuation/decline.

Response:

Volumes are conservatively projected flat because YNHH is not aware of any material factors
that instruct an increase or decrease in projected volume. YNHH intends to replace existing
equipment with better technology to meet current demands.

9. Please reconcile Projected Incremental expenses on Financial Worksheet A with Table 4
on page 34, as the figures for incremental Depreciation and Amortization do not agree.

Response:

TABLE 4
PROJECTED INCREMENTAL REVENUES AND EXPENSES

FY 2017 FY 2018 FY 2019 FY2020
Revenue from Operations $0 $0 $0 $0
Total Operating Expenses $0 $66,276 $66,276 566,276
Gain/(Loss)
from Operations $0 ($66,276) (566,276) ($66,276)
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10. Update Tables 4, 6, 7 and Financial Worksheet A to reflect fiscal years, 2018-2020.
Response:
Please see updated Table 4 below, which now includes FY2020.
TABLE 4
PROJECTED INCREMENTAL REVENUES AND EXPENSES
FY 2017 FY 2018 FY 2019 FY1020
Revenue from Operations $0 %0 50 $0
Total Operating Expenses 30 $66,276 $66,276 $66,276
Gain/(Loss)
from Operations $0 ($66,276) ($66.276) (566,276)
Please see updated Table 6 below, which now includes FY2020.
TABLE 6
PROJECTED UTILIZATION BY SERVICE
Projected Volume
Scan Volume by Machine FY 2017 FY 2018 FY 2019 FY 2020
GUILFORD (GE MyoSite SPECT) (OLD MACHINE) 887 0 0 0
GUILFORD {GE Optima 640 SPECT/CT) (NEW) 0 887 887 887
SRC (Siemens Symbia SPECT) (OLD MACHINE}) 231 0 0 0
SRC (GE Optima 640 SPECT/CT) (NEW) 0 231 231 231
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Please see updated Table 7 below, which now includes FY2020.

GUILFORD SPECT
Projected
FY 2016%*
Payer FY 2017 FY 2018 FY 2019 FY 2020
Scans % Scans % Scans % Scans % Scans Y%
Medicare 414 46.7 414 46,7 414 46.7 414 46.7 414 46.7
Medicaid 38 4.3 38 43 38 4.3 38 4.3 38 43

CHAMPUS & TriCare 1 0.1 1 a1 1 0.1 1 0.1 1 0.1

Commercial Insurers 429 48.4 429 484 429 484 429 484 429 48.4

Unitisured/Self Pay 2 0.2 2 0.2 2 0.2 2 02 2 0.2
Worikers

Compensation 3 0.3 3 0.3 3 0.3 3 0.3 3 0.3

Total Payer Mix

SRC SPECT
Projected
FY 2016**
Payer FY 2017 FY 2018 FY 2019 FY 2020
Scans %o Scans % Scans % Scans Yo Seans %

Medicare 84 36.4 84 364 84 36.4 84 36.4 84 364
Medicaid 52 223 52 223 52 223 52 223 52 223
CHAMPUS & TriCare 0 0.1 0 0.1 0 0.1 0 0.1 0 0.1
Commercial Insurers 93 1404 | 93 |404| 93 |404| 93 |404] 93 404
Uninsured/Self Pay 2 0.7 2 0.7 2 0.7 2 0.7 2 0.7
Workers 0 00| o loo| o |oo| o loo| o 0.0
Compensation

Total Payer Mix

Please see updated Financial Worksheet A attached as Exhibit 1.

[
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11. Please update Table 5 on page 35 with year-to-date volume for current fiscal year, 2017,

Response:

Please see updated Table 5 below, which now includes FY2017 (October 2016 — January 2017).

TABLE S

HISTORICAL UTILIZATION BY SERVICE

Actual Volume
(Last 3 Completed FYs) CFY Volume#
FY 2017
Scan Volume by Machine FY 2014%%* FY 2015%** FY 2016%** (Oct. 2016 — Jan. 2017)
GUILFORD {GE MyoSite SPECT) 816 912 887 381
SRC (Siemens Symbia SPECT) 281 233 231 81
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NON-PROFIT

Applicant: Please provide one year of actual results and three years of projections of Total Entity revenue, expense and volume statistics
Financial Worksheet (A) without, incremental to and with the CON proposal in the following reporting format:
(1) {2) (3) 4 (5) (6) (7) (8) 9 (10) (11) (12) (13)
LINE |Total Entity: FY15 FY16 FY16 FY16 FY17 FY17 FY17 FY18 FY18 FY18 FY19 FY18 FY19
Actual Projected Projected |Projected Projected Projected |Projected Projected Projected Projected Projected Projected |Projected
Description Results W/out CON Incremental |With CON W/out CON Incremental |With CON W/out CON Incremental With CON Wiout CON Incremental |With CON
A. OPERATING REVENUE
1 |Total Gross Patient Revenue $8,750,595,600 $11,094,372,000 $11,094,372,000 $11,204,464,000 $11,204,464,000 $11,355,046,000 $11,355,046,000 $11,510,146,000 $11,510,146,000
2 |Less: Allowances $6,209,732,400 $8,426,193,000 $8,426,193,000 $8,457,665,000 $8,457 665,000 $8,533,977,000 $8,533,977,000 $8,636,682,000 $8,636,692,000
3 |Less: Charity Care $0 $0 $0 $0
4 |Less: Other Deductions $0 $0 $0 $0
Net Patient Service Revenue $2,540,863,200 $2,668,179,000 $0 $2,668,179,000 $2,746,799,000 $0 $2,746,799,000 $2,821,069,000 $0 $2,821,069,000 $2,873,454,000 $0 $2,873,454,000
5 [Medicare $808,011,500 $848,498,776 $848,498,776 $873,500,462 $873,500,462 $897,118,819 $897,118,819 $913,777,600 $913,777,600
6 [Medicaid $308,108,200 $323,546,671 $323,546,671 $333,080,229 $333,080,229 $342,086,300 $342,086,300 $348,438,570 $348,438,570
7 _|CHAMPUS & TriCare $0 $0 $0 50
8 |Other $0 $0 $0 $0
Total Government $1,116,119,700 $1,172,045,447 $0 $1,172,045,447 $1,206,580,691 $0 $1,206,580,691 $1,239,205,120 $0 $1,239,205,120 $1,262,216,170 $0 $1,262,216,170
9 |Commercial Insurers $1,381,820,400 $1,451,059,692 $1,451,059,692 $1,493,816,311 $1,493.816,311 $1,534,207 231 $1,534,207,231 $1,562 696,235 $1,562,696,235
10 |Uninsured $0 $0 $0 50
11 |Self Pay $42 923,100 $45,073,861 $45,073,861 $46,401,998 $46,401,998 $47.656,649 $47,656,649 $48,541,595 $48,541,595
12 |Workers Compensation $0 $0 $0 80
13 |Other 30 $0 $0 30
Total Non-Government $1,424,743,500 $1,496,133,553 $0 $1,496,133,553 $1,540,218,309 $0 $1,540,218,309 $1,581,863,880 $0 $1,581,863,880 $1,611,237,830 $0 $1,611,237,830
Net Patient Service Revenue®
(Governmeni+hNon-Government) $2,540,863,200 $2,668,179,000 $0 $2,668,179,000 $2,746,799,000 $0 $2,746,799,000 $2,821,069,000 $0 $2,821,069,000 $2,873,454,000 $0 $2,873,454,000
14 |Less: Provision for Bad Debts $50,382,400 $73,453,000 $73,453,000 $74,179,000 $74,179,000 $75,170,000 $75,170,000 $76,191,000 $76,191,000
Net Patient Service Revenue less
provision for bad debts $2,490,480,800 $2,594,726,000 $0 $2,594,726,000 $2,672,620,000 $0 $2,672,620,000 $2,745,899,000 $0 $2,745,899,000 $2,797,263,000 $0 $2,797,263,000
15 |Other Operating Revenue $64,676,500 $48,830,000 $48,830,000 $90,820,000 $90,820,000 $69,566,000 $69,566,000 $68,756,000 $68,756,000
17 |Net Assets Released from Restrictions $0 $0 $0 $0
TOTAL OPERATING REVENUE $2,555,157,300 $2,643,556,000 50 $2,643,556,000 $2,763,440,000 $0 $2,763,440,000 $2,815,465,000 50 $2,815,465,000 $2,866,019,000 $0 $2,866,019,000
B. OPERATING EXPENSES
1 [Salaries and Wages $831,202,100 $849,809,000 $849,809,000 $901,545,000 $901,545,000 $912,077,885 $912.077,885 $923,136,000 $923,136,000
2 _|Fringe Benefits $239,423,700 $236,648,000 $236,648,000 $245,428,000 $245,428,000 $254,871,647 $254,871,647 $257,547,251 $257,547,251
3 |Physicians Fees $627,545,400 $675,960,000 $675,960,000 $695,737,000 $695,737,000 $702,563,464 $702,563 464 $709,763,691 $709,763,691
4 |Supplies and Drugs $490,320,700 $490,503,000 $490,503,000 $538,096,000 $538,096,000 $548,435,760 $548,435,760 $559,319,448 $559,319,448
5 [Depreciation and Amartization $93,281,200 $120,165,000 $120,165,000 $120,976,000 $120,976,000 $128,516,722 $66,276 $129.582,098 $136,180,830 $66,276 $136,247,106
6 |Provision for Bad Debts-Other” $0 $0 $0 $0
7 |Interest Expense $20,879,700 $22,196,000 $22,196,000 $22,640,000 $22,640,000 $22,643,824 $22,643,824 $27,642,154 $27,642,154
8 |Malpractice Insurance Cost $23,857,600 $23,752,052 523,752,052 $24,181,825 $24,181,825 $24,949 383 $24,949,383 $25,850,721 $25,850,721
9 |Lease Expense 323,519,600 $23,415,547 $23,415,547 $23,839,231 $23,839,231 $24,595,915 $24,595,915 $25,484,484 $25,484 484
10 |Other Operating Expenses 93,012,900 $92 601,402 $92,601,402 $94,276,944 $94,276,944 $97,269,400 $97,269,400 $100,783,421 $100,783,421
TOTAL OPERATING EXPENSES $2,443,042,900 $2,535,050,000 $0 $2,535,050,000 $2,666,720,000 $0 $2,666,720,000 $2,716,924,000 $66,276 $2,716,990,276 $2,765,708,000 $66,276 $2,765,774,276
INCOME/{(LOSS) FROM OPERATIONS | [ $112,114,400 | $108,506,000 | $0 |  $108,506,000 | | $96,720,000 | $0 | $96,720,000 | | $98,541,000 | ($66,276)] $98,474,724 | [ $100,311,000 | ($66,276)]  $100,244,724
NON-OPERATING REVENUE l [ ($6,297,800)] $34,200,000 | | $34,200,000 | | $34,200,000 | [ $34,200,000 | | $34,200,000 | | $34,200,000 | | $34,200,000 | | $34,200,000
EXCESS/(DEFICIENCY) OF REVENUE
OVER EXPENSES $105,816,600 $142,706,000 $0 $142,706,000 $130,920,000 $0 $130,920,000 $132,741,000 ($66,276) $132,674,724 $134,511,000 ($66,276) $134,444,724
Principal Payments | } J | | $0 | | \ | $0 | | | | $0 | | l | $0
C. PROFITABILITY SUMMARY
1 |Hospital Operating Margin 4.4% 41% 0.0% 41% 3.5% 0.0% 3.5% 3.5% 0.0% 3.5% 3.5% 0.0% 3.5%
2 |Hospital Nan Operating Margin -0.2% 1.3% 0.0% 1.3% 1.2% 0.0% 1.2% 1.2% 0.0% 1.2% 1.2% 0.0% 1.2%
3 |Hospital Total Margin 4.2% 5.3% 0.0% 5.3% 4.7% 0.0% 4.7% A.7% 0.0% 4.7% 4.6% 0.0% 4.6%
D. FTEs 10,432 | 11,235 | | 11,235 | | 11,323 | | 11,323 | | 11,345 | | 11,345 | | 11,367 | | 11,367
E. VOLUME STATISTICS®
1 |lnpatient Discharges 78,444 79,073 79,073 79,677 79,677 79,677 79,677 79,677 79,677
2 |Outpatient Visits 1,282,539 1,331,024 1,331,024 1,347,933 1,347,933 1,388,371 1,388,371 1,430,022 1,430,022
TOTAL VOLUME 1,360,983 1,410,097 0 1,410,097 1,427,610 0 1,427,610 1,468,048 0 1,468,048 1,509,699 0 1,509,699

*Total amount should equal the total amount on cell line "Net Patient Revenue" Row 14.
bProvide the amount of any transaction associated with Bad Debts not related to the provision of direct services to patients. For additional information, refer to FASB, No.2011-07, July 2011.

°Provide projected inpatient and/or outpatient statistics for any new services and provide actual and projected inpatient and/or outpatient statistics for any existing services which will change due to the proposal.




User, OHCA

From: Fernandes, David

Sent: Monday, March 20, 2017 8:04 AM

To: matthew.mckkennan@ynhh.org

Cc: User, OHCA; Veyberman, Alla; Riggott, Kaila

Subject: CON-32124 Deemed Complete

Attachments: 16-32124-CON Notification of Application Deemed Complete.pdf

Good Morning Mr. McKennan:
Please see the attached letter deeming complete the above reference application. Please confirm receipt of this
correspondence as soon as possible.

If you have any questions, do not hesitate to contact me or Alla Veyberman at alla.veyberman@ct.gov.

Thanks,

David Fernandes

Planning Analyst (CCT)

Office of Health Care Access

Connecticut Department of Public Health

410 Capitol Avenue, Hartford, Connecticut 06134

P: (860) 418-7032|F: (860) 418-7053 | E: David.Fernandes@ct.gov
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STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

Dannel P. Malloy
Governor

Nancy Wyman
Lt, Governor

Raul Pino, M.D., M.P.H.
Commissioner

Office of Health Care Access

March 20, 2017 Via Email Only

Mr, Matthew McKennan

Assistant Counsel

Yale New-Haven Hospital

Legal & Risk Services Department
789 Howard Avenue

New Haven, CT 06510

Matthew.McKennan@ YNHH.ORG

RE: Certificate of Need Application: Docket Number: 16-32124-CON
Acquisition of Two SPECT/CT cameras to replace two existing SPECT cameras
with a total associated cost of $ 927,862.

Dear Mr. McKennan:

This letter is to inform you that, pursuant to Section 19a-639a (d) of the Connecticut General
Statutes, the Office of Health Care Access has deemed the above-referenced application
complete as of March 17, 2017.

If you have any questions concerning this letter, please feel free to contact me at (860) 418-7007.

Sincerely,

(A Vehewrme _

Alla Veyberman
Health Care Analyst

Phone: (860) 418-7001 » Fax: (860) 418-7053
410 Capitol Avenue, P.O. Box 340308
Hartford, Connecticut 06134-0308
www.ct.gov/dph
Affirmative Action/Equal Opportunity Employer

Connecticut Department
of Public Heatth




STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

Dannel P. Malloy
Governor

Nancy Wyman
Lt. Governor

Raul Pino, M.D., M.P.H.
Commissioner

Office of Health Care Access

Certificate of Need
Final Decision

Applicant: Yale-New Haven Hospital
Docket Number: 16-32124-CON
Project Title: Acquisition of Two Single Photon Emission Computed

Tomography-Computed Tomography Cameras

Project Description: Yale-New Haven Hospital (“Hospital” or “Applicant”) is seeking
approval for the acquisition of two Single Photon Emission Computed Tomography-Computed
Tomography (“SPECT-CT”) cameras to replace two existing SPECT cameras.

Procedural History: The Applicant published notice of its intent to file a Certificate of Need
(“CON”) application in The New Haven Register on November 21, 22 and 23, 2016. On
December 29, 2016, the Office of Health Care Access (“OHCA”) received the CON application
from the Applicant for the above-referenced project and deemed the application complete on
March 17, 2017. OHCA received no responses from the public concerning the proposal and no
hearing requests were received from the public per Connecticut General Statutes (“Conn. Gen.
Stat.”) 8 19a-639a(e). In rendering the decision, Deputy Commissioner Addo considered the
entire record in this matter.

Phone: (860) 418-7001 e Fax: (860) 418-7053
410 Capitol Avenue, P.O. Box 340308
) el Hartford, Connecticut 06134-0308
Cc:n::;c;i:&tkn;g:ﬁwent WWW.Ct. gOV/ d ph
Affirmative Action/Equal Opportunity Employer




Yale-New Haven Hospital Page 2 of 9
Docket Number: 16-32124-CON

Findings of Fact and Conclusions of Law

1. The Hospital is a 1,541* bed not-for-profit acute care teaching hospital located at 20 York
Street, New Haven, Connecticut. Exhibit A, pp. 19, 51.

2. Asshown in the table below, the Hospital currently operates 10 SPECT cameras and one
SPECT-CT camera.

TABLE 1
EXISTING EQUIPMENT OPERATED BY THE APPLICANT
. . Days/Hours of Utilization
Provider Name/Address Service Operation (FY16)
YNHH HVC, 111 Goose Lane, Guilford, CT SPECT M-F, 7am-5pm 887
YNHH HVC, 1450 Chapel St. New Haven, CT SPECT M-F, 7am-5pm 231
YNHH HVC, 1450 Chapel St. New Haven, CT SPECT M-F, 7am-5pm 491
YNHH HVC, 1450 Chapel St. New Haven, CT SPECT M-F, 7am-5pm 492
YNHH HVC, 2 Divine Street, North Haven, CT SPECT M-F, 7am-5pm 915
YNHH HVC, 79 Wawecus Street, Norwich, CT SPECT M-F, 7am-5pm 776
YNHH HVC, 20 York Street, New Haven, CT SPECT-CT M-F, 8am-5pm 660
YNHH HVC, 20 York Street, New Haven, CT SPECT M-F, 8am-5pm 484
YNHH HVC, 20 York Street, New Haven, CT SPECT M-F, 8am-5pm 193
YNHH HVC, 20 York Street, New Haven, CT* SPECT M-F, 8am-5pm 0
YNHH ED, 20 York Street, New Haven, CT SPECT M-F, 8am-8pm 984
Exhibit A, p. 43.

* This camera is used mostly for multiple gated acquisition studies and does not perform myocardial
perfusion studies. However it may be used once a year to perform a myocardial perfusion study if a patient
is not able to lie flat or exceeds the weight limit of the table for the other cameras.

3. The GE MyoSite SPECT camera at 111 Goose Lane in Guilford was purchased in 2005
and is at the end of its useful life. The Siemens Symbia SPECT camera at 1450 Chapel
Street (St. Raphael Campus) was purchased in 2014 and is not able to produce superior
images like a SPECT-CT. The Applicant proposes replacing these two cameras with 4-
slice GE Optima 640 SPECT-CT cameras. Exhibit A, pp. 18-19.

4. Under Report Number 16-32124-DTR, OHCA determined that the Hospital was required

to file a CON application for the acquisition of the above-mentioned SPECT-CT cameras.
OHCA CON Determination, Report Number 16-32124-DTR.

L Includes 134 bassinets
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10.

11.

12.

13.

The Determination Request noted five SPECT cameras in line for replacement, but due to
the need to allocate capital resources efficiently, the hospital will replace only two SPECT
cameras with SPECT-CT cameras at this time. Exhibit A, p. 19

The new SPECT-CT cameras will be replacing one existing camera in Guilford and one
of the three cameras operating at 1450 Chapel Street in New Haven. Exhibit A, pp. 19-20.

YNHH Heart and Vascular Center (HVC) treats heart and vascular patients and offers
various cardiac imaging technology, including echocardiography, ultrasound, molecular
nuclear medicine imaging, cardiac magnetic resonance imaging, positron emission
topography, and computed tomography to evaluate a variety of cardiac issues such as
chest pain, congestive heart failure and valve disease. Exhibit A, pp. 19-20

These cameras will be used to perform myocardial perfusion studies, non-invasive
imaging tests showing how well blood flows through the heart muscle. A radioactive
tracer is injected into a patient and a nuclear camera is used to capture images of the heart
after exercise, rest, or both to show areas with either blocked arteries or injury in the heart
tissue. Exhibit C, p. 220

There are certain limitations to this type of scan due, in part, to variation in density of
various tissues within the body. Overlying breast tissue and/or adipose tissue can create
shadows or artifacts especially in obese patients, which cloud the image and may result in
an erroneous appearance of coronary defects. Exhibit A, p. 20

The SPECT-CT camera has a CT component that adds clarity to the scan via attenuation
correction, which removes shadows and artifacts that frequently can appear on images as
coronary defects. Exhibit A, pp. 20, 26.

Use of the CT component provides a higher quality of scan, improves lesion detection,
eliminates the need for unnecessary follow-up testing and decreases the risk of false
positives. Exhibit A, pp. 20, 26.

The proposed cameras will provide superior image quality within a shorter image
acquisition time and less radiation exposure to patients. Exhibit A, p. 17.

Studies have shown the benefits of a SPECT-CT over a SPECT camera in the evaluation
of coronary artery disease. Incorporation of attenuation correction in addition to ECG
gating? with SPECT myocardial perfusion images will improve image quality, interpretive
certainty and diagnostic accuracy. These combined results are anticipated to have a
substantial impact on improving the effectiveness of care and lowering health care costs.
American Society of Nuclear Cardiology and Society of Nuclear Medicine Joint Position

Statement: Attenuation Correction of Myocardial Perfusion SPECT Scintigraphy. Exhibit
A, pp. 22, 80-87.

2 Gating techniques are used to improve temporal resolution and minimize imaging artifacts caused by cardiac

motion.
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14.  Based on actual historical utilization, the Hospital has projected stable utilization volume.
TABLE 2
HISTORICAL AND PROJECTED UTILIZATION SPECT-CT CAMERAS
Historical Projected
Location FY2014 | FY2015 | FY2016 | FY2017 | FY2018 | FY2019 | FY2020
Guilford 816 912 887 887 887 887 887
New Haven 281 233 231 231 231 231 231

Exhibit A, pp. 30, 35, Exhibit C, p. 223

15.  The new SPECT-CT will serve the same patient population as the existing camera
including Medicaid and indigent persons. Exhibit A, pp. 20, 26-27, 30.
16. No change in the payer mix is projected by the Hospital.
TABLE 3
THE HOSPITAL’'S CURRENT & PROJECTED PAYER MIX
Projected
FY 2016
Payer FY 2017 FY 2018 FY2019 FY 2020
Scans % Scans % Scans % Scans % Scans %
Medicare* 414 | 46.7 414 | 467 | 414 46.7 414 | 46.7 414 46.7
Medicaid* 38 4.3 38 4.3 38 4.3 38 4.3 38 4.3
CHAMPUS & TriCare 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1
Total Government 453 | 51.1 453 | 51.1 | 453 51.1 453 | 51.1 453 51.1
Commercial Insurers 429 48.4 429 48.4 429 48.4 429 48.4 429 48.4
Uninsured/Self Pay 2 0.2 2 0.2 2 0.2 2 0.2 2 0.2
Workers Compensation 3 0.3 3 0.3 3 0.3 3 0.3 3 0.3
Total Non- 434 | 48.9 434 | 48.9 | 434 48.9 434 | 48.9 434 48.9
Government
Total Payer Mix 887 100 887 100 887 100 887 100 887 100

Exhibit A, p. 36, Exhibit B, p. 224.

17.

There will be no gap in services during the cameras’ installation period. Installation will

take one week and during that time patients will continue to have access to myocardial
perfusion testing with other SPECT cameras located in New Haven, North Haven and
Norwich. Exhibit C, p. 220-221
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18. The construction cost is the same for both locations. This cost is based on the installation
of a new footprint and bed for both machines. No major construction expenses are
required for either site. The proposal’s total capital expenditure is itemized as follows:

TABLE 4
TOTAL CAPITAL EXPENDITURE — GUILFORD LOCATION
Imaging Equipment (SPECT-CT Scanner) $453,931
Construction/Renovation $10,000
Total Capital Expenditure $463,931
Exhibit A, p. 34, Exhibit C, p.221
TABLE 5
TOTAL CAPITAL EXPENDITURE — NEW HAVEN LOCATION
Imaging Equipment (SPECT-CT Scanner) $453,931
Construction/Renovation $10,000
Total Capital Expenditure $463,931
Exhibit A, p. 34, Exhibit C, p. 221
19.  This proposal will be funded through available capital.
Exhibit A, p. 28.

20. Diagnostic imaging performed on the replacement SPECT-CT cameras will have the same
cost to the patient as imaging on the older equipment. Exhibit A, p. 25.

21. Incremental losses are projected in each of the next three fiscal years (FY) due to

depreciation expense.

TABLE 6
YALE NEW HAVEN HOSPITAL’S PROJECTED INCREMENTAL REVENUES AND EXPENSES

FY 2018 FY 2019 FY 2020
Revenue from Operations - - -
Total Operating Expenses* $66,276 $66,276 $66,276
Gain/(Loss) from Operations ($66,276) | ($66,276) | ($66,276)

*Operating expenses represent the change in depreciation amount, which is a non-cash expense.

Exhibit A, pp. 29, 200. Exhibit B, pp. 227
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22.

23.

24,

25.

26.

27.

28.

29.

30.
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Despite incremental losses, the Hospital projects overall operational gains from FY2018
through FY 2020 following implementation of the proposal.

TABLE 7
YALE NEW HAVEN HOSPITAL'S PROJECTED REVENUES & EXPENDITURES WITH CON
FY 2018 FY 2019 FY 2020
Revenue from Operations $2,815,465 | $2,866,019 | $2,922,450
Total Operating Expenses $2,715,990 | $2,765,774 | $2,820,230
Gain/(Loss) from Operations $99,475 $100,245 $102,219

Note: figures are in thousands.
Exhibit A, pp. 29, 200.

OHCA is currently in the process of establishing its policies and standards as regulations.
Therefore, OHCA has not made any findings as to this proposal’s relationship to any
regulations not yet adopted by OHCA. (Conn. Gen. Stat. § 19a-639(a)(1)).

The proposal is consistent with the Statewide Health Care Facilities and Service Plan.
(Conn. Gen. Stat. § 19a-639(a)(2)).

The Applicant has established that there is a clear public need for the proposal. (Conn.
Gen. Stat. § 19a-639(a)(3)).

The Applicant has demonstrated that the proposal is financially feasible. (Conn. Gen. Stat.
8§ 19a-639(a)(4)).

The Applicant has satisfactorily demonstrated that the proposal will improve quality, and
maintain accessibility and cost effectiveness of health care delivery in the region. (Conn.
Gen. Stat.§ 19a-639(a)(5)).

The Applicant has shown that there would be no change in the provision of health care
services to the relevant populations and payer mix, including access to services by
Medicaid recipients and indigent persons. (Conn. Gen. Stat. § 19a-639(a)(6)).

The Applicant has satisfactorily identified the population affected by this proposal. (Conn.
Gen. Stat. § 19a-639(a)(7)).

The Applicant’s historical provision of services in the service area supports this proposal.
(Conn. Gen. Stat. § 19a-639(a)(8)).
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31.

32.

33.

34.

The Applicant has satisfactorily demonstrated that this proposal would not result in an
unnecessary duplication of existing services in the area. (Conn. Gen. Stat. § 19a-
639(2)(9)).

The Applicant has demonstrated that there will be no reduction in access to services by
Medicaid recipients or indigent persons. (Conn. Gen. Stat. § 19a-639(a)(10)).

The Applicant has demonstrated that the proposal will not negatively impact the diversity
of health care providers and patient choice in the region. (Conn. Gen. Stat. § 19a-
639(a)(11)).

The Applicant has satisfactorily demonstrated that the proposal will not result in any
consolidation that would affect health care costs or access to care. (Conn. Gen. Stat. §
19a-639(a)(12)).
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Discussion

CON applications are decided on a case by case basis and do not lend themselves to general
applicability due to the uniqueness of the facts in each case. In rendering its decision, OHCA
considers the factors set forth in Conn. Gen. Stat. 8§ 19a-639(a). The Applicant bears the burden
of proof in this matter by a preponderance of the evidence. Jones v. Connecticut Medical
Examining Board, 309 Conn. 727 (2013).

Yale-New Haven Hospital, a 1,541 bed not-for-profit acute care teaching hospital in New Haven,
is seeking authorization to replace two of its ten existing SPECT cameras with SPECT-CT
cameras. The new SPECT-CT cameras, which will be located in Guilford and New Haven, will
be used to evaluate and diagnose a variety of cardiac and vascular issues such as chest pain,
congestive heart failure and valve disease. The quality of scans produced by SPECT-CT cameras
is significantly superior to the SPECT camera as its CT component delivers attenuation
correction for myocardial perfusion imaging studies, improving diagnostic accuracy. The
SPECT-CT provides better image quality in less time with a lower chance of false positive
results, reducing the need for follow-up testing and additional radiation exposure. FF1-13

As both SPECT-CT cameras will be replacing existing equipment, the Applicant will be serving
the same patient population, including Medicaid and indigent patients, and no change to the
payer mix is projected. Access to care will be maintained and the proposal will not affect the cost
to patients. All these benefits are consistent with the Statewide Health Care Facilities and
Services Plan. FF15, 16.
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Order

Based upon the foregoing Findings and Discussion, the Certificate of Need application
requesting authorization to acquire two SPECT-CT cameras at the Yale-New Haven Hospital,
Connecticut, is hereby APPROVED.

All of the foregoing constitutes the final order of the Office of Health Care Access in this matter.

By Order of the
Department of Public Health
Office of Health Care Access

6/7/2017

Date Yvonne T. Addo, MBA
Deputy Commissioner
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Please see attached Final Decision for Yale New Haven Hospital Acquisition of Two Single Photon Emission
Computed
Tomography-Computed Tomography Cameras

Thank you

Barbara K. Olejarz

Administrative Assistant to Kimberly Martone
Office of Health Care Access

Department of Public Health

Phone: (860) 418-7005

Email: Barbara.Olejarz@ct.gov
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Olejarz, Barbara

From: Microsoft Outlook

To: Matthew.McKennan@YNHH.ORG
Sent: Wednesday, June 07, 2017 12:35 PM
Subject: Relayed: Final Decision

Delivery to these recipients or groups is complete, but no delivery notification was sent by the
destination server:

Matthew.McKennan@YNHH.ORG (Matthew.McKennan@YNHH.ORG)

Subject: Final Decision



Olejarz, Barbara

From: Mckennan, Matthew <Matthew.McKennan@YNHH.ORG>
Sent: Wednesday, June 07, 2017 12:44 PM

To: Olejarz, Barbara

Subject: RE: Final Decision

Thank you Barbara. Good news!
Have a nice week.
Matt

Matt McKennan

Assistant Counsel

Legal & Risk Services Department
Yale New Haven Health System
Office: 203-688-7361

Cell: 203-907-9858
matthew.mckennan@ynhh.org

From: Olejarz, Barbara [mailto:Barbara.Olejarz@ct.gov]
Sent: Wednesday, June 07, 2017 12:35 PM

To: Mckennan, Matthew <Matthew.McKennan@YNHH.ORG>
Subject: Final Decision

6/7/17

Please see attached Final Decision for Yale New Haven Hospital Acquisition of Two Single Photon Emission
Computed
Tomography-Computed Tomography Cameras

Thank you

Barbara K. Olejarz

Administrative Assistant to Kimberly Martone
Office of Health Care Access

Department of Public Health

Phone: (860) 418-7005

Email: Barbara.Olejarz@ct.gov
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This message originates from the Yale New Haven Health System. The information contained in this message may be privileged and confidential. If



you are the intended recipient you must maintain this message in a secure and confidential manner. If you are not the intended recipient, please
notify the sender immediately and destroy this message. Thank you.
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