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Lung Densi ty Anal ysi s™ nstructi ons f or Use

1 Introduction

1.1 Scopeof Manual

Thi s user manual was wittenfor the 4Dvedi cal CT Lung Density Anal ysi s™ LDA) Sof tware. Qui dance for usi ngt he 4Dvedi cal
Protected P atform(4DM PP) i s not i ncl udedi nt hi s docunent .

The 4DMedi cal Protected P at f or mi ncl udes a cl oud pl at f ormwhi chi s a subscri pti on-based, scal abl e sof t war e-as- a-
product whi chal | ows cust onerstorunconputational | y-intensiveinageal gorithnsinthecloud, oninfrastructurenaintai
4D\edi cal . The 4DM PPi s al so avai | abl e as an on- preni se host ed product , t arget ed at t hose or gani zat i ons whi chdesiretol
their i mage dat ai n- house. Thi s enterpriseversi onof 4DM PPprovi des a syst emby whi ch cust oners canstill beneft fromin
processi ng j ob autormati on, whileintegrati ngw thnative D QOMt ool s and wor kf ows. The 4DMPPwith cl oudand enterpri s
optionsisaseparat e product devel oped by 4D\vedi cal .

1.2 Product Overvi ew

4DMedi cal ' s CT Lung Densi ty Anal ysi s™Sof twarei s aset of i nage post - processi ng al gorit hns desi gnedt o hel pradi ol ogi st ¢
pul nonol ogi stsdet ermnethel ocati onandextent of ti ssuedamageinpatientsw thGIPD, by provi di ngvi sual i zati onand qu
fcationof areasw thabnornal CTtissuedensity. The LDASoftwarerunsautonaticall yontheinput CTseries, withnouser i
or i nterventi on. The LDASof t war e consi st s of t he Functi onal Assessnent andt hel nspi rati on Assessnent .

The CT Lung Densi ty Anal ysi s™Funct i onal Assessnent perforns i nage segnent ation, regi stration, threshol di ng, and cl
sifcationonCTinages of human | ungs. The Functi onal Assessnent perfornsthefour al gorithns sequential 'y ontwo CT scar
(inspirationandexpirationlungdatasets).

The pur pose of the segnentational gorithmistoautormaticallyidentifyandseparatethetwol ungsfromtherest of theb
Anoptional featureof the segnentationalgorithmistheabilitytolabel theindividual |obes of thelungs. The purpos
regi strational gorithm stonaponel ungi nageont oanot her, sot hat apai rw se nappi ngconpari sonbet weenl ungi nages canb
done. The purpose of thethreshol dingal gorithmistoidentifyvoxel sabove andbel owagi vent hreshol dfor theinspirati or
andtoidentify voxel s above and bel owa gi ven t hreshol d f or the expi rati onseries. The purpose of the cl assifcationalc
istoconpareinspirationandexpirationlunginagesthat have been regi st er ed and have gone t hrough t hreshol di ng. Fur
descriptionof thisconponent i sintheFunctional Assessnent secti onof t hedocunenit) Secti on

The 4DMvedi cal CTLung Densi ty Anal ysi s™ nspi rat i onAssessnent i saconponent for user swhoonl yacqui rei nspirati ondat
sets. ThelnspirationAssessnent perfornsinmage segnent ati onandt hreshol di ngonani nspi rati on CTscan. \ol unetri c perc
ages of thel ungti ssue bel owt he user conf gurabl et hreshol darecal cul at ed. Further descri ptionof thisconponent i sint h
ati on Assessnent secti onof t hedocunent (Sectd)on

The CT Lung Densi ty Anal ysi s™Sof tware uti | i zes D GOMf or mat hi ghresol uti on CTl ungi nspi rati onand expirationdatas
asinput tothesoftware. ThespecifcrequirenentsaregivenintheScanProtocol sectionof thisdocun®ng (Section

The out put provi ded by t he CT Lung Densi ty Anal ysi s™Sof twarei s a RBI ungi nage seri esinD GOMf or nat and a Dl GOV
sumary report ( Encapsul at edPDFSCPA ass or Secondary Capt ur e | nage St or age SCPA ass) .

1.3 Hardware Requi renents

Har dwar e requi renent s f or runni ng LDAareas f ol | ows:

1.3.1 InspirationAssessment LDA
« 4PUCores
+ 8@BRAM
*« 50B

1.3.2 Functional Assessment LDA
* 8(PUCores
¢ 32@BRAM
* 50B

Thei nf or mat i on cont ai ned her ei ni st he property of 4DMedi cal Li nited | FU- 22| v1| Page 4dD
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2 Synbol s

The neani ng of t he synbol s shonnonthel abel i ngand/ or i nstructionsfor useareasfol | ows:
Gonsul t H ectroniclnstructionsfor Use
Manuf act ur er

Dat e of Manuf act ure (' YYYY- M DD

Medi cal Devi ce

g6 L E K

Lhi que Devi cel denti fer

-
(@)
-

Bat ch Gode (Devi ce \er si on)

>0

Caution: Federal lawrestrictsthi sDevicetosal ebyor ontheorder of aphysici an.

3 Indicationsfor UseandRequirenents

The CT Lung Densi t y Anal ysi s™Sof t war e provi des r epr oduci bl e CTval ues f or pul nonary ti ssue, whi chareessenti al for provi
quantitativesupport for di agnosi sandf ol | owupexam nati ons. The CT Lung Densi ty Anal ysi s Sof t war e can be usedt o suppor t
physi ci ani nt hedi agnosi s and docunent at i onof pul nonaryti ssuei nages(e. g., abnornal i ties) fromCIthoraci cdatasets. T
segnent ati onandi sol ati onof sub-conpartnents, vol unetricanal ysis, densityeval uations, andreportingtool sareprovi

3.1 IntendedUsers

The i nt ended user base f or t he CT Lung Densi ty Anal ysi s™Sof t war e i s Pul nonol ogi sts, Radi ol ogi sts, and Radi ol ogy Techni ¢
under t he super vi si on of a Pul nonol ogi st or Radi ol ogi st.

3.2 Scan Protocol Requirenents

Theabilitytosegnent andregi ster thescansi s dependent ontheresol uti onof thescan; therefore, itisinportant toanal
scanresol uti on. Theresol uti oncan be det er m ned by assessi ngt he acqui si ti onprotocol sfromtheD QMdat aaswel | as vi ¢
assessi ng the i nages t hensel ves. The D QCMdat a provi des i nf or nati on on t he basi ¢ acqui si ti on paranet ers used and can k
conpar ed wi t h 4DMedi cal ’ s requi red par anet ers. The scan shoul d al so be vi sual | y assessedtoensurethat thereis not ms
i nfornation.

3.2.1 AcquisitionParaneters

The 4DMvedi cal CT Lung Density Anal ysi s Software w || not generat e out puts for scans wi t h acqui si ti on paranetersthat do
neet therequirenentsasoutlinedinthe TAlldet ow | naddition, thelLungDensity Anal ysis Softwarew || not gener at e out put
unl ess D GOMPat i ent | mage Qi ent at i on (D GOMt ag 0020, 0037) canberoundedto[+-1,0,0,0,+-1,0].

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU- 22| V1| Page5d0
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Tabl e 1:Requi r ed CT Scan Par anet er s

D COMTag Nane Requi r ed Val ue
(0008, 0060) Mbdal ity cr

(0028,0030) Fi xel Spaci ng <2.0x2.0mt
(0018,9305) FRevolutionTine <1.0s(if present)
NA S i ce Spaci ng <3.0mm

(0018,0050) 9 i ceThi ckness <3.0mMm

N A Fieldof iew >10. 0x 10. 0x 20. 0cdm
N A Nunber of i ces <1024

(0010, 1018) Patient’s Age >18 (i f present)
(0028, 1054) Rescal e Type HJ(i f present)

(0018, 0010) (ontrast Bol us Agent  Not Present

Recommended Convol uti on Ker nel s
4DMedi cal recommends usi ngonl y i nput s of i mages r econst r uct ed wi t h non- edge enhanci ng ker nel s. Shar p ker nel s are not aj
propriatefor 4DMedi cal CTLung Density Anal ysis Sof tware. Bel owi salist of kernel sthat areacceptabl ef or use.

CE standard

PHLIPS B

TCBH BA FQD1

S EMENS. B31f, B35f, Q 40, Q40d, Br40, Br40d

Bel owi sali st of kernel sthat arenot reconmended f or 4DMedi cal CT LungDensity Anal ysi s Software. |f ani nagew t haker nel
thefollow nglist (or notinthelist of approvedkernel s) i spassedtothesoftware, theanal ysisw || runbut awarni ngw |
and di spl ayedinthereport footer.

GE bone, bone+, edge, | ung

PHLIPS D

TCsH BA FC30, FC31, FG50, FGB1, FG52, FC53, F(54, FOB5, FG56, FO57, F(B8, FC59, FC30, FCB1, FCB2

S EMENS. Kernel sbel ongi ngtothe’ Head’ fam |y (e. g. H31f), vascul ar or pedi atri c groups (e. g. Bp31f, e.g. Bv31f), or
shar pness =60 (e. g. B60f).

3.2.2 Recomrended Pr ot ocol

For t he Lung Densi ty Anal ysi s Sof t war e, 4DMvedi cal recommends a 3Dvol unetri c acqui sitionw thpixel spacinglessthanlr
and sl i cethickness | essthan3.0mmfor bothinspirationandexpirationscans. Thei nages shoul d be reconstructedw th
ti ssue/ snoot hi ngal gori t hmwi t hout hi ghspati al frequency enhancenent. For Lung Densi ty Anal ysi s, 4DMvedi cal does not rec
nend a cont r ast enhanced acqui si ti on. Exanpl eprotocol sarelistedinthetabl ebel ow The prot ocol s accept ed by 4DMedi ca
LDASof twarearenot limtedtothescanners and prot ocol si rZJdblitet he acqui siti onparanet er s shoul dbesimlar. Failuretc
obser vet he recommended scan prot ocol coul dlimt thesoftware sabilitytoproperlysegnent andregi ster | ungs.

Ipatient’ s Agewil | becal cul at edfromPati ent Bi rt hDat e (0010, 0030) and St udyDat e (0008, 0020) i f (0010, 1010) i s not popul at ed.

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU-22| Vl| Page6@0
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Tabl e 2:Recormended pr ot ocol for ful | - dose CT scans

Scanner Make CcE S| EMENS PH LI PS64

Scanner Mbdel \CT 64 Sensat i on- 64 649 ice

Scan Type \CT Hel i cal Soiral Axial Helix

RotationTine (S SeenA 0.5 0.5

Det. Gonfguration 64x0. 625 64x0.6 64 x 0. 625

Pitch 1.375 1.1 0.923

Speed (mmirot) 13.75 21.1 0.5

kVp 120 120 120

A 400 @. 55 (I ns) Eectivenhs: 200 (1 ns)200n#As (I ns)
100 @. 5s (Exp) HEectivenhs: 50 (Exp) 50 n#As ( Exp)

Dose nodul at i on a CAREDose 4DCH a

Reconst ruction

A gorithm S andard B31f B

Thi ckness () 0. 625 0.75 0.9

Interval (nm) 0. 625 0.5 0.45

DFOV(cm) Lungs? Lungs? Lungs?

3.2.3 Reconmended Prot ocol for Low dose | nages

Duetoincreasedi nagenoi se, it isespeciallyinportant that i nages froml ow dose CT scans shoul d be reconst ruct ed usi ng
ti ssue/ snoot hi ngkernel CRaniterati vereconstructional gorithm |f available, fullyiterativereconstructionsshoul d
t he 4DMedi cal post - processi ngflter turnedCFF | f iterativereconstructionsarenot avail abl e, t he post - processi ngfl t el
turned ONt or educet he ef ect s of noi seonLDAneasur es. For nor ei nf or nat i onon4DMedi cal * s post - pr ocessi ngfl ter, seesecti
5. 3.1Anexanpl el ow dose prot ocol i sshownint he T&dhel ow P ease not et hat t he sof t war e oper at or shoul dbefamliarwth

t he ef ect s of x-ray dose and sl i ce-t hi ckness on LDAneasur enent s.

2Reconst ructionfel dof vi ewshoul d enconpass t he wi dest di anet er of t hel ung.

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU 22 | Vll Page 7 ab
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Tabl e 3:Recommended pr ot ocol for | ow dose CT scans

Scanner Nake G S| EMENS PH LI PS64

Scanner Mdel \CT 64 Sensat i on- 64 649 ice

Scan Type VCT Hel i cal Soiral Axial Helix

FotationTine (S SeemA 0.5 0.5

Det. nfguration 64x0.625 64x0.6 64 x 0. 625

Ritch 1.375 1.1 0.923

Speed (nmir ot ) 13.75 21.1 0.5

kVp 120 120 120

mA 80- 160 @. 5s (1 ns) Ef ectivemps: 40-80 (I ns)40-80n#As (1 ns)
100 @D. 5s (Exp) E ectivermps: 50 (Exp) 50 mbs ( Exp)

Dose nodul at i on e e o))

Reconst ructi on

A gorithm S andar & B31f B?

Thi ckness (nm) 2-3 2-3 2-3

I nterval (mm) 2 2 2

DFOV(cm) Lungs* Lungs* Lungs*

3.2.4 PBreathinglnstructions

The pat i ent shoul d be coachedt oachi eveandhol dful | inspiration, withseveral practiceattenptsprior toscanacquisiti
patient i sunabletohol dtheir breathfor thescanperiod, suchasthecasefor aseverelyill patient, afaster scanner n
utilized. Thescanprotocol renai nsthesanefor expiratoryscanni ng. The patient shoul dbe coachedfor ful | expirationhc
be capabl eof retai ni ngt hehol df or t hedur ati onof t hescan. Bel owi sasuggest edscri pt of howt ocoachapati ent for t hei nsp
and expi rat ory scans.

Breat hi ngl nstructions Scri pt
I nspiratoryCT
For thefrst part of thisscan, | amgoi ngtoaskyoutotakeadeepbreathi nandhol dit
Firstlet’ spractice:
Takeadeepbreathin
Hol dit - donot breat he
Breat heandr el ax
Takeadeepbreathin
Let it out
Takeadeepbreathin
Let it out
Breathall theway IN..IN..IN..
Keep hol di ng your breat h- DONOT BREATHE
At end of scanBreat heandr el ax

Start scanat bottomof | ungs; endat t opof | ungs

Expiratory CT
For t he second part of thi sscan, | amgoi ngtoaskyoutobreat heout andhol dit out.

SFul lyiterativereconstructionsarerecormendedi f avai | abl e. Q herwi se, LDAshoul dberunwiththe"Filter- QN optiontoreducet hei npact of quant un
4Reconst ructionfel dof vi ewshoul d enconpass t he w dest di anet er of t hel ung.

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU- 22 | V1| Page 8 dab



Lung Densi ty Anal ysi s™ nstructi ons f or Use

First let’spractice:
Take adeepbreathin
Breathout andhol dit - donot breat he
Breat heandr el ax
Takeadeepbreathin
Let it out
Takeadeepbreathin
Let it out
Take anot her deepbreathin
Let it out andhol dit out
Keep hol di ng your breat h- DONOT BREATHE
At end of scanBreat heandr el ax

Start scanat bottomof | ungs; endat topof | ungs

3.3 Product Lifecycle

The sof twar e i s supported and mai nt ai ned t hroughout its activelifecycle. Usersw | benotifedinadvance of end- of - sup
end-of -1ifeml estones. Usebeyondend- of - support i s not recommended as per f or rance and cyber securi ty cannot be assur ed.

4 Qual ity Assessnent

The scanqual i ty and possi bl e cont r ai ndi cat i ons nust be assessed bef or e execut i ngt he Lung Densi ty Anal ysi s Sof t war e.

Thi ssof twar ei sdesi gnedtorunonanyi nput datathat sati sfesthecriteri ai2 3wt doss not perfor many addi ti onal
qual i ty checkingt i stheresponsibility of the medi cal professional whoisusingtheapplication(i.e., theRadio
nonol ogi st or Radi ol ogy Technol ogi st) toensurethat t heinput dat ai s of adequkt elgiahpdtydat ai s not of adequat e
qguality, theapplication' sresultsshoul dbedi sregarded. 4Dvedi cal s CT Lung Densi ty Anal ysi s Sof twarei s not i nt ended f
aprinmarytool for di sease det ecti onand/ or di agnosi s.

Areas of thelungwhere conorbidities or anomal ous pat hol ogi es are present may gi ve unpredi ctabl eresults, andthe L
Density Anal ysi s resul ts shoul d beinterpretedw thaknow edge of thel ocati onand ext ent of any conorbi dities or anonz
pat hol ogi es.

Lung Densi ty Anal ysi s was desi gned and val i dat ed on adul t | ungs and has not beenval i dat edonchi | dren. Thesoftwarei s
cl earedby t he FDAfor useinapedi atricsetting.

4.1 ScanQuality

Lungdensi tyval uesfromaClscannay vary duet odi f erent acqui si ti onparanet ersthuscausi ngvari ationi nLDAresul ts. Sou
of variationincludebut arenot limtedtodose, reconstructionkernel, slicethickness, scanner calibrationandrespi
Wser s shoul dnot conpar e LDAr esul t s acr oss acqui sitionsw thdiferent acqui sitionparaneters.

Refer toTabl éfor scanqual i tyissuesthat may generateerrors:

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU-22| Vl| Page9<40
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Tabl e 4:Fot ent i al causes of i mage processi ngand anal ysi sfail ures
Scan Qual i ty Component  Resul t

Nbi se The ai rway segnentati oni nanoi syscannayfail if thelungtissueisnot di stingui shabl efrom
ot her ti ssue.

M ssi ngsli ces Ifsliceswthinthetissuecontaini nglungarenissing, theresul tant LungDensity Anal ysi s™m
andreport coul dbei naccurat e.

Entirel ungnot i ncl uded I f scandoesnot fullycontai nthel ungs, segnentati onof thelungsw il fail.

I nt ubat i on If thepatient isintubatedduringthescan, thelungsegnentationw | fail.

MotionArtifact If thepatient does not executeafull breathhol dand/ or noves duringthescan, notionartifacts

may be present i nthescanthat wi || cause segnentati onand/ or regi strationtofail or afect t he
classifcationresults.

5 Conponents

The 4DMedi cal CT Lung Densi ty Anal ysi s Sof t war e has t wo conponent s f or processi ng dat a, t he Functi onal Assessnent andt he
I nspirationAssessnent. Qut put Reports and Assessnent Maps gener at ed by 4DMedi cal CT Lung Densi ty Anal ysi s Sof tware are
D GMconpat i bl e.

NOTE: The out put s f romeach conponent of 4DMedi cal CTLDASof t war e havet hef ol | owi ng D GOMt ags popul at ed accor di ngt o

t he Goor di nat ed Lhi ver sal Ti ne (UTQ) :

D CCMTag Nane

(0008, 0021) SeriesDate

(0008, 0023) ontent Date

(0008, 0031) SeriesTine

(0008, 0033) ontent Tine

(0040, a032) (bservationDateTi ne

5.1 Functional Assessnent

TheFunct i onal Assessnent t akestwoCTscansasi nput, ani nspi rati onandanexpirati onscan. The process per f or ns segnent at
onbothimgesandthenregisterstheinspirationinagetotheexpiration. Threshol dingisappliedtotheinages andthen
voxel pair isclassifed. Theprocessout putsanR@®Bi nagew t hcol or overl ay cl assi fyi ngeachl ungvoxel aseither " Nornal ",
tional LowDensity Area" or "Fersistent LowDensity Area". I naddition, aFunctional Assessnent Report i s generat ed sunmar i
results, for noredetail s see Se6t bon

5.2 InspirationAssessment

Thel nspi rat i on Assessnent t akes one CTscanasinput, aful | i nspirationscan. The process perf or ns segnent ati ononthein
tioninageandthent hreshol di ng. The out put i nagei s an R@Bi magew t h col or overl ay cl assi fyi ng | ung voxel s above and bel
theinhal ati onthreshol d. Inaddition, areport i s generatedsunmari zi ngresul ts.

5.3 Optional Features

Bot hFunct i onal Assessnent and| nspi rat i on Assessnent havet hef ol | ow ngaddi ti onal featuresfor processing; fltering, ad
threshol di ng, sel ectabl ereport fornat and personal i zi ngreport withaninstitutionl ogo.

I nspi rati onAssessnent has two optional featuresnot avail abl efor Functional Assessnent: adj ust abl e percentil eandz
tional LunghMapreport.

Thei nf or mat i on cont ai ned herei ni stheproperty of 4DMedi cal Linted | FU 22 | V1| Page 10 ab
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Bot h Functi onal and I nspi rati on Assessnent have t he opti on of | abel i ng and conputi nglung density statisticsonthet
right, mddl eright, | ower right, upper | eft, andl ower | eft | ungl obes. Alternatively, Functional and I nspirationAsses:
runw th segnentationof onlytheleft andright |ungs, i nwhichcasethestatisticswl| beconputedover threeequally
vertical partitionsof eachlung (i.e. "thirds"). Thequality of thel obar or | ungs-only segnent ati on nust be assessed
vi sual | y usi ng RBout put i nage (see Secti §n
Inportant Note: |f 4DMedi cal CTLDASoftwareisinstal l edw ththe4Dvedi cal A oud P at f or mor t he 4Dvedi cal Enterpri se Pl
form user preferencesfor optional featuresareset onlyat install ation.

5.3.1 Filtering

I f bot h Revol uti onTi ne (0018, 9305) and XRayTubeQurrent (0018, 1151) are present i ntheinput net adat a andt he aver age ser
nMAsis<80nAs, anoi sereduci ngflterisappliedtothel ungdatasetsbeforeclassifcation. Flteringoptionscanbeconfg
instal | ati onor uponrequest.

Therearetradeof s betweenthetwooptions, unflteredandfltered. Filteringbeforeclassifcationallowsfor robust cl ass
of | owsi gnal -t o-noi serati o(S\R i mages (hi ghspeci fcity) at t heexpense of nissingsnal | areas of | owatt enuati on (reduc
itivity). Not flteringbeforeclassifcationallowsfor identifcationof small areas of | owattenuati on areas (hi gh sensi
expense of snal | erroneous cl assi f cati ons of | owat t enuati onareasi nnoi syi mages (reduced speci fcity).

Theuser isallowedtodetermneif flteringisappropriatefor classifcationfor theinput i mages basedonthe pati ent of
andt he noi sel evel of t hescans.

5.3.2 Adjustabl e Threshol ds

Thei nhal ati ont hreshol dandexhal ati ont hreshol d (i f appl i cabl €) may be det er mi ned by t he user andprovi dedasi nput stoth
Sof tware. Val uesfor threshol dsaregi veni nHounsfel dunits(HJ) andareal | onedi nt herange of - 1024 HJand 0 HU
Thedefaul t i nhal ationthreshol dis-950HJandt he def aul t exhal ationthreshol di s-856HJ(Nat ur e Medi ci ne, Vol une 18, Nur
11, Novenber 2012, Pages 1711-1715.).

5.3.3 Report For mat

The fornat of the out put report canbe sel ect ed by t he user. Thetwo SOPd asses current |y supportedfor t he out put report
Encapsul at ed PDFRepor t and Secondar y Capt ur el nage & or age. The user nay sel ect ei t her one of t hesef or mat st o be gener at ed
or bothformatstobegeneratedasout put. Thedefaul t fornat for thereport i s Encapsul at ed PDFReport .

5.3.4 |InstitutionlLogo

The LDAsummary report s di spl ay t he 4DMedi cal | ogointhe upper | eft corner of thereport. Thislogocanbereplacedw th
alternatel ogofromtheuser’sinstitution. The maxi muml ogo si zei s 1. 4 cmhei ght by 6. 0 cmwi dth. M ni numresol utionis
dots per i nch(dpi). A ventheserequirenents, either squareor hori zontal shaped! ogos ar e recomnmended, vertical oriente
logosw Il not el egantlyft inthereport header. Thel ogof or nat canbe ei t her PNGor JPEG

5.3.5 MiltipleThreshol ds (I nsp. Assessnent Feat ure Ol y)

I nspi rat i on Assessnent can be conf gur ed sucht hat t he R@Bout put i mage candi spl ay mul ti pl et hreshol ds as di f erent col or o
lays. TheReport will onlyreport statisticsontheprinarythreshol dsprovidedtotheal gorithmasrefectedinthereport.
1, thecol or schene has been conf guredas f ol | ows:

RED Bel ow- 950 HU

YELLON  Bet ween-950 and - 900 HU

GREEN Bet ween - 900 and - 875 HU

PURPLE  Between - 700 and - 200 HU

BLUE Above - 200 HU
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FigurelSicesof I nspirational Assessnent Mapw thmul tipl ethreshol ds conf gured.

5.3.6 Additional Lunghap Report (I nsp. Assessnent Feat ure Qnly)

Thel nspi rat i onAssessnent canout put anaddi ti onal report, t helLunghvapReport. Thi sreport sinplifesthelnspirati onAsses
Report resultsandis avail abl ei ntwo versi ons: onethat containsinfornationabout general benefts of snoking cessat i

anot her t hat cont ai ns peer-revi ewed, publishedstatisticsthat may hel pnotivate forner snokerstostay of tobacco. For

i nformati ononthe contents of t he Lunghap Report, see Secti®n

5.3.7 D GOMStruct uredReport (SR

The user canoptional |y sel ect toincludetheoutput of a D QMstructuredreport (SR docunent that i ncl udes the al gori
guantitativenetrics. The D QOMSRdocunent has a SOPcl ass of Enhanced SR( 1. 2. 840. 10008. 5. 1. 4. 1. 1. 88. 22). The D CMS
Gont ent Sequence (0040, A730) net adat at ag encodes t he st r uct ured cont ent .

6 Functional Assessnent

The Funct i onal Assessnent gener at estwo mai nout puts; aFuncti onal Assessnent Map and a Functi onal Assessnent Report.

6.1 Inputs

The LDAFunct i onal Assessnent takes two CT scans fromt he sane examas i hput, one taken during i nspiration andt he ot her
duringexpiration. Theinput dat asets nust havethe sane Pati ent Nane, Patient I1D and Sudy I D The user nay al soi nput -
i nspi rati onHJt hreshol d, anexpi rati onHUt hr eshol d, sel ect t heregi strationdirectionand/or turnflteringof. For noreir
onoptional inputs, see Sects.ch

6.2 Functional Assessnent Map

The Funct i onal Assessnent Mapi saD GQOMSecondary Capt urel magew t hvoxel datathat i stheorigi nal expirationi nagew the
R@over | ay. The R@Bover | aycol or codeseachl ungti ssuevoxel , i dentifyi ngt hel ungti ssueasoneof t hreecl assi f cati oncat
Thecl assi fcati oncat egori es ar e def ned by ani nhal ati onthreshol d(inHJ), anexhal ationthreshol d(inHJ), lower |inmtt
of -1024 HJand an upper limt threshol d of O HJ See SectS.@2or noreinformati ononinput threshol ds. Bel oware the
def ni tionsof thecl assifcationcategoriesandt hecorrespondi ngcol or of the Functi onal Assessnent Mapvoxel dat a.
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GREEN Nor rral
Voxel sw t hHJhi gher t hani nspi rationt hreshol d
and hi gher t hanexpi rati ont hr eshol d

YELLON  Functional LowDensity Area
Voxel sw t hHJhi gher thani nspirati onthreshol d
and | ower thanexpirationthreshol d

RED Persi stent LowDensity Area
Voxel sw thHJI ower thani nspirationthreshol d
and | ower t hanexpi rati onthreshol d

Exanpl eaxi al slicesfromtheFunctional Assessnent Map ar e shown bel owi n B gure

FH gure2diceof Functional Assessnent Map: Lobar segnentationactivated(left) andde-activated(right).

6.3 Segnentati onMap

4DMedi cal CTLDASof t war e produces asegnent at i on D QOMiseri es sot hat users canassessthequal ity of segnentation. |f | ob:
segnentationis NOTactivated, theleft andright lungs arelabel ed. |f | obar segnentationis activated, the upper right
right, lower right, upper | eft, andl ower | eft | obes ar e | abel ed:3 Eee Exgupke segnent at i on D GMser i es i nages and
sectioB. ¥or noredetai | sonhowt oi nterpret t hei nages.

H gur e 3Exanpl e segnent at i on naps: Lobar segnent ationactivated(left) andl obar segnent ati onde-acti vat ed.

6.4 RegistrationhMap

4DMedi cal CT Lung Densi ty Anal ysi s (LDA) Sof tware generat es a"warped" i nspirati onnmapthat hel ps vi sual i zetheregistr:
processthat i spart of theFunctional Assessnent al gori t hnd $hgusean exanpl e of t hi s out put si de by si dewi thacorres-
pondi ngexpi rati oni nage. P ease see sed.i%ror noredetai | sonhowtointerpret thisinage.

| FU 22| v1| Page 1340
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Inspiration Registered Inspiration Expiration

FH gure 41 nspi rat ory phase CTscanregi st eredt ot he expi rat ory phase CT scan.

6.5 Functional Assessnent Report

The Funct i onal Assessnent Report isaD QMconpatibleformat. It iseither aEncapsul at ed PDFReport SOPA ass or Second
ary Capt ure | mrage S orage SOPd ass. Thereport summari zestheresul ts of t he Functi onal Assessnent Map. It contai ns pati
information, lungsliceinages, andtabl esdi spl ayi ngresul ts. Anexanpl ereport i s shownbéebowi nF gure

name: 13155Y_UAB_COPD paTe: January 1, 1900

pamienti: 13155Y_UAB_COPD aTE: April 19, 2024

)ICAL SYSTEMS KERNEL: STANDARD SLICE THICKNESS: 0.62 TUBE CURRENT AVG KVP: 100 mA, 120 kV

i
Lt

CORONAL SLICE

AXIAL SLICE - UPPER THIRD AXIAL SLICE - MIDDLE THIRD AXIAL SLICE - LOWER THIRD
SUMMARY BY LUNG LOBES

33% 22+ 0° 3340 46+ 0
2% 24+0 3740 3940
Upper Lobe 300 410 270
Lower Lobe 1940 3340 47+0
20+0 30+0 6840
NORMAL Upper Lobe 2240 2940 W9+0
I 0 U on expiratior Middle Lobe 21<0 70 400
NCTIONAL LOW DENSITY AREA. Lower Lobe 1940 2940 51=0

“THE RANGES PROVIDED WITH THE LDA RESULTS ARE AN INDICATION OF THE ACCURALY OF REGISTRATION (SEE USER MANUAL
FOR MORE INFORMATION). THIS DOES NOT ACCOUNT FOR ADDITIONAL SOURCES OF VARIATION SUCH AS SLICE THICKNESS, IMAGE
NOISE, SCANHER CALIBRATION DR RESPIRATORY PHASE.

PERSISTENT LOW DENSITY AREA
: 56 HU on expiration (CN(Ml ToTAL LUNG LEFT LUNG RIGHT LUNG

VALUES ON FUNCTIONAL ASSESSMENT REPORT ARE CALCULATED BASED | Inspiration 6.9 3.4 35
ON THE EXPIRATORY IMAGE. VALUES MAY DIFFER FROM INSPIRATION

REPORT AS THE PERSISTENT LOW DENSITY AREA REPRESENTS VOXELS.
WHICH ARE LOW ON BOTH INSPIRATION AND EXPIRATION.

Expiration 5.5 2.7 2.8

FH gur e 5Functi onal LDAr eport
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Report Header

O particular inportanceinthereport header arethereconstructionkernel, slicethickness, andx-raytubecurrent. Th
neters af ect ei ther the efectiveresol utionof the CTinmage and/ or t he dose, whi chinturnafect repeatability of | ung de
neasur enent s. Wien conpari ngfol | ow upl ungdensity neasurenents, it isinportant that changesinthese paranetersareaob
served and account edf or duri ng assessnent .

Report Statistics

Theresul ts sumhari zedw thinthereport includethe percent of lungtissueidentifedas Nornmal, Functional LowDensity
and Per si stent LowDensity Areafor right, | eft andtotal | ung. Asmal | per cent age of voxel sdonot ft i ntowel | - def ned physi
cat egori es (bel ow-950 HJon i nspi rat i on and above - 856 on expi rati on) andthus arenot reported. For thisreason, therep
cat egory per cent ages nay not add upto100% | f | obar segnentati oni s enabl ed, thetext " SUMARY BY LUNGLCBES' i s di s-

pl ayed al ongwi t h per cent ages f or t he upper, mddl e, and! ower ri ght andupper and| ower | eft | obes. | f | obar segnent ati oni
enabl ed, thetext "SUMARYBYLUNGTH RDS' i s di spl ayedal ongwi t hper cent agesfor t hreeequal | y si zedr egi ons of bot hl ungs
Per cent ages are presentedw th esti nat ed vari ati ons. The val ues ar e based of of the esti nat ed accuracy of theregistrati
gorithm Largeestimatedvariationstypicallyrefect anonuniformdensity patternthat issensitivetoregistrationac
thedensity patterns areuniformandinsensitivetoregistrati onaccuracy, theestimatedvariationsw || besnall. Ther
estinmatedvari ati ons canbet hought of as aneasure of confdenceinthereportedval ues based ont he expect ed accur acy of t|
regi strationprocess.

The 4DMedi cal regi strational gorithmw Il not produceaperfect registrati onbetweentheinspirationandexpirationinag
ef ect of theregistrationaccuracy was assessed by conpari ng t he aut onat ed 4DMedi cal regi strationtoaperfect registr
found t hr ough manual | andrmar k def ni ti on. LDAper cent ages wer e cal cul at ed f or t he aut onat ed 4DMvedi cal regi strati onandf
theperfect registrationfor mul tipl esubjects. It wasfoundthe LDApercent ages f or t he aut onat ed 4DMedi cal regi strati or
w thinthevariationof the LDApercentagesfor theperfect regi stration.

Vol unes of the segnent edi nspirati onandexpirationlungsareal soreported. Total | ungvol unes aregi venaswel | asthevol
for theright andl eft | ung.

NOTE: Report summary stati sticsareroundedtothenearest i nteger. Thus, val ues| essthan0. 5% | | bedi spl ayed as 0%

Report G aphi cs

Thereport di spl ayssi xi nages, di spl ayi ngsli cesof theFuncti onal Assessnent Mapindiferent orientati ons. Thesi xi nages
onecoronal slice, mdsagittal sliceof theright lung, nidsagittal sliceof theleft|ung, andthreeaxial slices, them ddl
ni ddl eand upper thirdof thel ungs. Bel owi s anexanpl e of thei magesfoundintherepéit (F g.

H gur e 6Exanpl e of | ungi mages f oundi n Functi onal Assessnent Report
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7 InspirationAssessnent

Thel nspi rati onAssessnent of t he LDASof t war e gener at estwonai nout puts; thel nspirationAssessnent Mapandthel nspirati
Assessnent Report.

7.1 Inputs

Thel nspi rat i onAssessnent conponent onl yt akesani nspi rati onscanasi nput. I naddition, theuser nayi nput i nhal ationthre
createtheadditi onal LungMap™Report and/ or turnflteringof. For norei nfornati ononopti onal i nput s, Se& Secttilan

versi onof LungMaptargetingforner snokers, thePatient Sex D GMat t ri but e (0x0010, 0x0040) nust be present and cont ai na
"M or "F' val ue.

7.2 InspirationAssessnent Map

Thel nspi rati onAssessnent Mipi saD QOMSecondary Capt urel nagew t hvoxel datathat i stheorigi nal expirationi nagew th
R@over| ay. TheR@Bover | aycol or codes eachl ungti ssuevoxel , i dentifyi ngt hel ungti ssueasoneof t hreecl assi f cati oncat
Bel owar et hedef ni ti ons of t hecl assi f cati oncat egori esandt hecor r espondi ngcol or of t hel nspi rati onAssessnent Map voxel
BLUE Very H ghDensity Area
Voxel sw t hHJhi gher t han-200 HJ
PURPLE H ghDensity Area
\oxel sw t h HJhi gher t han-700 HU
and | ower t han-200 HJ
RED LowDensity Area
Voxel sw t hHJI ower t han - 950 HJ
Thedefaul t settingsfor thethreshol ds canbe changed. Cont act 4DMedi cal Support for norei nf or nati on.
Anexanpl eof aslicefromthelnspirationAssessnent Mypi s shown bel owi n gure

FH gure 79 i ceof | nspirationAssessnent Map
7.3 SegnentationMap

4DMedi cal CT LDAI nspi rati on Assessnent Sof t war e produces a segnent ati on D QCMseri es sot hat users canassessthequal it
of segnent ati on. For noredetail s, pl easeref er t o séctiand®. 3
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7.4 |nspirationAssessnent Report

The | nspi rati on Assessnent Report contai nstheresul tsfromthe LDAInspirati onSoftwareanal ysis. It canbe providedin:
fornmats: POFfl e, D QMencapsul at ed PDF, or a D QOMSecondary Capt ure St orage. As expl ai nedi n Séc ohi si nportant
tonotethei nage acqui sitionparaneters. P ease see Sécbi onnoredetail s.

Thet hree key densi ty neasures reportedi nt he LDAI nspi rat i on Assessnent report i ncl ude:

e VeryH ghDensi ty (VHDPer cent of ti ssueaboveat hreshol dof - 200HJ Has beenshownt obei ndi cat i veof consd] i dat i on[

e HghDensity (HDPercent of ti ssueaboveat hreshol dof - 700 HJand bel owat hr eshol d of - 200 HJ Has beenshownt o be
i ndi cativeof groundgl s |

e LowDensity (LD Percent of ti ssuebel owat hreshol dof -950HJ Has beenshowntobei ndi cati ve of enplBlsena [

Thedefaul t settingsfor thethreshol ds canbe changed. Cont act 4DMedi cal Support for norei nf or nati on.

H gur e 81 nspi rat i on LDAr epor t

Report Statistics
Thekeynetricsfor eachl ungaredi spl ayedi natabl eonthereport, al ongw t hl ungvol unes. |f | obar segnent ati oni s enabl e
text " SUMARY BY LUNGLCBES' i s di spl ayedal ongw t hper cent ages f or t heupper, mi ddl e, and| ower ri ght and upper and| ower

Thei nf or mat i on cont ai ned her ei ni st he property of 4DMedi cal Li nited | FU 22| v1| Page 1740



Lung Densi ty Anal ysi s™ nstructi ons f or Use

left | obes. |f | obar segnentationi s NOlenabl ed, thetext " SUMARYBYLUNGTH RDS' i s di spl ayed al ongwi t h per cent ages f or
threeequal | y si zedregi ons of bot hl ungs.

NOTE: Report summary stati sticsareroundedtothenearest i nteger. Thus, val ues| essthan0. 5% | | bedi spl ayed as 0%

Report G aphi cs
Thereport i ncl udes 3Dr enderi ngs show ngthedistributionof eachdensity neasureandapl ot of percentagesbylungtotal

f gur e9.

H gur e 93Dr ender i ngs of eachdensi ty neasure.
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7.5 LungMap™Report

The LungMap™Report i sanoptional report that isgeneratedinadditiontothel nspirationAssessnent Map andt he | nspi r at
Assessnent Report. The LunghVap Report isaD GMconpatibleformat. It iseither aEncapsul at ed PDF Report SOPA ass or
Secondary Capt ur el mage S or age SCPA ass. Thereport cont ai nst he per cent ages of | ungvol une bel owandabovet hei nspirati c
threshol d, t he nost af ect edl obeor thi rdof thel ungandi s cor respondi ng per cent bel owt hr eshol d, andani nage of t hel ung
atablelistingthepotential beneftsof snoki ngcessati on. Anexanpl ereport i s shownbel &di nF gure

F gur e 10Exanpl e LunghMap™Report for current snokers

Anot her ver si onof t he LungMap™Report for forner snokersisal soavail abl e. Insteadof atablelistingthepotential be
of snmoki ngcessat i on, afgureshow ngdecreasi ngrel ativeriskof | ungcancer over ti neafter quittingtobaccoconparedtotl
snokersisdisplayed. Satisticsaretakenfromapeer-revi ewes] aand el e per sonal i zedbasedonthepatient’ s gender. An
exanpl ereport i s shown bel owi nF gurle
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Fi gur e 11Exanpl e LunghMap™Report f or f or ner snoker s

Acust omi zabl e ver si onof t he LunghMap Report i sal soavai | abl e. Thi sversional | ows for acust omheader andf oot er t o be
i nst ead of t he def aul t header andf oot er. Qust omreport opti ons canbeconfguredat i nstal | ati onor uponrequest .

Report Statistics

Thestatisticswithinthereport arethetotal percentages of | ung vol une bel owand above t he i nspirati onthreshol d, as v
nost af ectedregionw thit’scorrespond ngpercent age bel owt het hreshol d. Thennost af ectedregi onreferstothel obeor t
W t ht he hi ghest per cent age of voxel s bel owt he speci fedt hreshol d. Unli kethel nspirationAssessnent Report, thel ungvol
arenot i ncl udedi nt he Lungvap Report .

Report G aphi cs

The LungMap™Report di spl ays ani mage of a coronal sliceof thelnspirationAssessnent Myp towards the center of thelung
t hat has per cent age of pi xel s bel owt het hreshol dsi nl ar tot he percent age bel owt het hreshol dfor theentirelung. Thec
thelungpi xel sonthisinagesliceintatesthecol orsof thephysical |ung; pi nkfor nornmal densitytissueandbl ackfor |«
ti ssue. Theinmage has anoutline of t he body outsideof thelungstogiveaclearer pictureof theorientati onandpositiol
lungsinthepatient’sbody. Bel owi sanexanpl eof theinmageslicefoundinthere®rt (F g.
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H gur e 12Exanpl e of | ungi nage i n Lunghvap™Repor t

The ot her graphi cinthecurrent snoker report i s atabl eof snoki ng cessat i on benef t18)(. FiThuse abl e r enai ns t he sare
and does not changeonapati ent-to-pati ent basi s.

The ot her graphi cintheforner snoker report i sthefgureshow ngtherel ativeri skof | ung cancer di agnosi s as afunctionc

after quittingtobacco(FH tdireThi sfgurei s personal i zed based onwhet her or not the pati ent i s nép ¢Ffgnal e (F g.
15 . P easesee Tabl e 4fr @[

H gur e 13Tabl e of Shoki ng Gessati onBenefts
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F gur e 14K gur e show ngt he decreasi ngrel ati veri sk of | ung cancer di agnosi s conpar edt o never - snoker s f or nal es.

F gur e 15F gur e show ngt he decreasi ngrel ati veri sk of | ung cancer di agnosi s conpar edt o never- snoker s f or f enal es.

8 Possi bl e Encount er ed Excepti ons

The 4DMVedi cal CTLung Densi ty Anal ysi s Sof t war e produces not i f cati ons anderr or s whenanexcepti oni sencounteredw t hint
al gorithm Bel owar e possi bl eerrors generat edbyt hesoftwarew t hfurt her descri pti ons and probabl e causes of t he except

8.1 Input Exrors
1__P_, AMp HB/ BMTmi /i %

Thiserror occursif thedataprovi deddonot neet 4DVedi cal ' s requi renents. For exanpl e, t he pat h provi ded cont ai ns m
thanone D GMseri es. For thedet ai | soneachrequi red paranet er, see S2@.ilon

1 P _, IM ++2Ti #H2 BMTmi /i %

Thiserror occursif theimageacqui sitionparanetersfonot neet 4DMedi cal ' srequirenents. For thedeatil soneachrec
par anet er, see Seci 2.1
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Intheevent that thiserror occurs, theal gorithmw Il out put and | nput Check Fai | ure Report indi catingthereasonwhyth
dat awas deened unaccept abl e. Anexam el nput Check Dai | ure Report for thel nspirati onAssessnent i s showni6 Higr e
cause(s) of theinput checkfailurecanbeidentifedbythered’ X markintheResult col udb, thdofendi ng par anet er

i stheslicethickness. Notetheyel | owtriangl ewarni ngsi gnsindi cat e sub-opti nal paraneters (Convol uti onkKernel) or pa
that arem ssingfromtheinput netadata(Revol uti onTine). Thesewarningsw || not result i naninput check fail ure, but
be not ed nonet hel ess.

F gur e 16Exanpl e of an| nput Check Fai | ur e Report

1__P_, AMTmi BK ;2b ? p2 b K2 a2 'B2b AMbi M+2 IA.

Thi serror occur swhenbot hi nput i nages havet he sane Seri es| nstanceU D The Seri es | nst ance U Ds nust be uni que f or eac
i nput i nage. Checkthe D GMat tri but es of t he upl oaded seri es.

8.2 SegnentationErrors

__P_, *QmH/ MQi 2ti° +i B'r vb
1__P_, *QmH/ MQi b2T * i2 HmM;b
1__P_, *QmH/ MQi 7BM/ i° +?2
1__P_,LQ HmM;b 7QmM/

Theseerrorsindi cat eanexceptioni nt hesegnent ati onst epof t he4Dvedi cal CTLungDensity Anal ysi s Sof t ware. Possi bl e ca
i ncl ude:

e Pati ent body notionor breat hi ngduringthescan.
e Tracheonal aci aor very nar rownaj or bronchi .

e Scanni ng nor et hanaf ewcent i net er s abovet he apex of t hel ung.
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e Lungs arenot contai nedw ththefel dof vi ewof thei mage.
e Theinput i nage does not contai nl ungs or t hei nput i magei s noi sy.

1__P_,GmM; H ;2" i? M i?2 2tT2+i2/ bBx2 ~ M;2
1__P_, GmM; bK HH2  i? M i?2 2tT2+i2/ bBx2 ~ M;2

These errorsindicatethat the segnented | ungs donot fall wthinthe expectedrange of vol umes. This couldbeduetoap
segnent ati onwherenonl ungti ssuewas msidentifedas!|ungor | ungti ssuewas excl uded fromt he segnent ati on. Theseerro
couldal sobearesult of apatient wi t hanonal ous anat ony.

1__P_, B'rvb H ;27 i? M i?2 2tT2+i2/ bBx2 = M;2
1__P_, B'rvb bK HH2 i? M i?2 2tT2+i2/ bBx2 ~ M;2

Theseerrorsindicatethat t he segnent ed ai rways donot fal |l w thintheexpectedrange of vol unes. Thiscoul dbeduetoar
segnent at i onwher eai rways bl edintothel ungor onl ythetracheawas abl etobeidentifed. Theseerrorscoul dal sobearesu
apati ent w t hanonal ous anat ony.

8.3 RegistrationErrors

1__P_,"Q/2°b K2i'B+ BM/B+ i2b TQQ" "2;Bbi’ iBQM
1 __P_, aBKBH "Biv K2i'B+ BM/B+ i2b TQQ" “2:;Bbi’  iBQM

Theseerrorsindi catet hat t heregi steredi mage does not neet t herequi red4DMedi cal st andards. Apoor regi strationcoul db
toal argediferenceinsizebetweenthetwoi nput i nages or apoor segnent ati on.

9 (ConsiderationstoReduceR sk

9.1 Protocol

User s nust fol | owCT prot ocol as seeni nSecBi @n

9.2 Expect edPerformance

The accur acy of the LDAFuncti onal Assessnent neasurenentsisprinarilydeterminedbythequalityof theinageregistrati
Anesti nat eof t heaccuracy of t he neasur enent si sgi veni nt hef or nof arangef or each neasur enent ont heout put report (FH gur

17).

F gure 17Chart of LDAneasurenent s onthe Functi onal Assessnent Report.Thearrowsindi catetheestinatedvariati onof thi
LDAneasur enent .
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These ranges of val ues represent an esti nat e of howt he neasur enent val ues woul d changeif theinagesweretranslatedina
directionsw thi ntherangeof theesti mat edaccuracy of thei mageregi strati onprocess. Notet hat t he4Dvedi cal LDAal gori f
det ermini sti ¢, neani ngt hat t he LDAneasurenentsw | | bei dentical for repeat edanal ysesont hesanei nput dat aset. Ther ef
t he naj or det er mi nant of neasurenent preci sioni sthenoi sel evel i ntheinput i nages. Thenoi sel evel of thei nput i nages s
be consi der ed when conpar i ng neasur enent s f rommul ti pl e acqui si ti ons.

9.3 Lung Segnent ati on Qual i ty Assessnent

9.3.1 Introduction

The 4DMedi cal CT Lung Densi ty Anal ysi s (LDA) Sof t war e uses advanced i mage pr ocessi ngt echni ques t o segnent t hel ungs from
thoraci ¢ CT'i mages sot hat density anal ysi s canbe perf orned. The sof t war e pr oduces a segnent ati on D QMseri es sot hat use
canassessthequal ity of segnentation. |f | obar segnentationisNOlactivated, theleft andright lungsarel abel ed. If |
nentationisactivated, theupper right, mddleright, | ower right, upper | eft, andl ower | eft | obes ar e | di8dl @da See F gL
Iistof thecol orsusedfor anat om cal | abel i ngandlFanuot 86 f or exanpl e segnent ati on D QMseri es i mages.

Fi gur e 18Lung Segnent ati on | abel col ors.

Fi gur e 19Exanpl el ung segnent at i on.
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F gur e 20Exanpl el obar segnent ati on.

Inorder todetect segnentati onerrors, LDAsof t war e checks i nput paranet er s and| ung segnent ati onstati stics, and not
usersw thwarni ngor error nessagesif potential probl ens are di scovered. Evenso, t herenmay beasnal | nunber of cases whe

poor segnentationqualityisnot automati cal |y detectedandtheout put report i sgeneratedw thpotentially msleadingr
These cases can be cat egori zed as one of t hefol | ow ng:

e Lunginclusionerrors. Thisincludesbut isnot [imtedtothefol | ow ng:

— Airoutsideof thebodyiscategorizedas| ung.
— Airinthegut iscategorizedas| ung.
— Airintheesophagusi s categorizedas| ung.

e Lungexclusionerrors. Thisincludesbut isnot limtedtothefol | ow ng:

— Part of thelungiscategorizedasbel ongi ngtotheai rwaytree, renovi ngthat part of thel ungfrontheanal ysi s.
— Theapex of thel ungi s categorizedas part of thetrachea.

— H gh-densi ty ar eas of t hel ung par enchyna ar e excl uded f r omt he segnent at i on.

o Left/right lungl abelingerror.

— Part of theleft lungisincorrectlyclassifedasbel ongi ngtotheright | ung, or vi ceversa.
— Bthertheleft or right lungi s excl udedfromt he segnent ati on.

Thefol | ow ngsecti oncontai nsfguresthat il ustrateexanpl esof segnentationerrorsthat may generat em sl eadi ngresul t
of t he sof tware shoul dl ook for thi stypeof output and, i f present, theresul tsshoul dnot beused. The 4Dvedi cal CT Lung Der

Anal ysi s Sof t war e shoul d onl y be used by Pul nonol ogi sts, Radi ol ogi sts, and Radi ol ogy Techni ci ans under t he super vi si o
Pul nonol ogi st or Radi ol ogi st .
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9.3.2 Exanpl es of Lung SegnentationErrors

1. Qutsideinclusion. Incertai ncases, theair outsideof thebody may beincorrectlyl abel edaspart of thel eft or right ||

FH gur e 21Segnent at i on over | ay show ngout si deai r i ncl usi onerror.

2. Qut inclusion. If airispresent inthetransversecolon, thecolonmayincorrectly belabel edas part of thelung. Th
commonwhent hei nput CTi nage has aslicethi cknessesgreater than2cm

Fi gur e 22Segnent at i on over | ay showi nggut ai r i ncl usi onerror.

3. Esophagusi ncl usi on. Adi | at ed esophagus nay acci dent al | y bel abel edas part of t hel ungs. Thi stypeof error nayresul t i
per cent age poi nt over-esti mati onof persistent (Functi onal LDA) or percent bel owt hreshol d (1 nspirati onLDA) .

F gur e 23Segnent at i on over | ay show ng esophagus i ncl usi onerror.
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4. Lungexcl usi onduetoni sl abel edai rways. | nsonecases, parts of thel ung parenchynanmay be acci dental |y cl assi fedas o
ai rways. I nother cases, theapex of thelungnmay be ms-identifedaspart of thetrachea, | eadi ngtoal ungexcl usi onerr
ni s-1 abel i ngof thetracheaas part of thel ungs.

F gur e 24Segnent at i onover | ay showi ngai rway | eak i nt ol ung par enchyna.

H gur e 25Segnent at i on over | ay show ng | ung apex cl assi fedas t rachea.

5. Excl usi onduet o dependent at el ect asi s.

H gur e 26Segnent at i on over | ay | ung excl usi onduet o dependent at el ect asi s
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6. Left/right lungl abelingerror.

Fi gure 27Segnent at i onover | ay show ngl eft/right | ung m sl abel i ng.

7. Left/right | ungexcl usi onerror. Thi soccursnoreofteni nexpirati onscanswhent henaj or ai rways ar eoccl udedor havecol

H gur e 28Segnent at i on over | ay show ngl ef t | ung excl usi on.

9.4 Lobe Segnent ati on Qual i ty Assessnent
9.4.1 Introduction

Asanoptional feature, 4DMedi cal CTLung Density Anal ysi s Softwarei s abl et o performl obar segnent ati onof thel ungs. Lc
segnentationdividestheright lungintotheupper, mddle, andlower right | obesandtheleft | ungintothe upper and| ow
| obes. I nsonecases, al ungl obe nmay be mi ssi ngfront hesegnent ati on, or t hesegnent at i onnay be of | owqual i ty, bot hof whi c
nay | eadtoni sl eadi ngresul ts. The segnent ati onoverl ay seri es shoul dbe usedtoassurethat thel obar segnent at i onaccur
represent stheunderl yi ngl obar anat ony. NOTE M ewi ngt hel obar segnent ati oni nthesagittal pl ane naybe be especi al | y hel
for detecti ngsegnentati onerrors.

Exanpl es of poor | obar segnentationsareillustratedinthefol | ow ngfgures:

9.4.2 Exanpl es of Lobe Segrrent ati onErrors

1. Mssinglobe. Insonecases, anentirel obeor nost of al obe nay be m ssi ngfromt he segnent ati on. Thi s nost of t en occu
withthemdd eright | obe.
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H gur e 29Segnent at i on showi ngam ssi ngm ddl eri ght | obe.

2. Poor qual ity |l obel abel i ng. | nsone cases, thel obe segnent ati onmay not agreew thavi sual assessnent of thel ocati onof
f ssures and/ or may have ageonetrythat i sunli kel y fromananat onical standpoi nt. Asi de- by-si de conpari son of t he segnen
tionoverlayw ththeoriginal CTinagecanbeusedtohel pconfrmapoor segnent ati on.
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H gur e 30Lobe bordersinsegnentati onarenot correctlyalignedw thfssures.

9.5 Inmage Regi strationQual ity Assessnent

4DMedi cal CT Lung Densi ty Anal ysi s™ LDA) Sof t war e uses advanced i nage processi ngt echni questospatial ly"regi ster” two
i mages of thelungs. Wentwoinages arespatiall yregi stered, oneof theinmagesis"warped' sothat t he anat om cal | andna
sharedby theinages arespatial |y aligned, establishingaone-to-one correspondence bet weent he voxel sineachi mage. F
31shows an exanpl e of t hi s process.

F gure 31t nspi rat ory phase CT scanr egi steredt ot he expi r at ory phase CT scan.

Inorder todetect errors, LDAsoftware checks lungregistrationstatistics, andnotifes users w thwarningor error nes
potential probl ens are di scovered. However, there nay be asnal | nunber of cases where poor registrationqualityisnot a
natical | ydetectedandtheout put report i sgeneratedw thpotential lynisleadingresults.

Imageregistrationisnever perfect, andnost regi strati onsw |l havemnor errors. However, extensiveregi stratione
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occur over | arge areas of t hel ung nay cause LDAt o produce mi sl eadi ngresul ts. To hel puserstodetect t hese ki nds of errc
regi steredinspirati onD QMseriesi s provi ded.

Regi strationerrorscanbedet ect edbyvi sual | yconpari ngt hewar pedi nspi rati oni nagetotheori gi nal expirati onCTi nag
| ung bor der s and ot her anat oni cal featuresinsi dethel ungshoul dappear i nroughl y t he sane posi ti ononbot hi nages. Syst
ati canatomcal nmsalignnentsgreater thanl.5cmnay generatem sl eadingresults. It shoul dbe notedthat anat onical fea
out si deof thelungw || not necessarilybewel | -registered; thisshoul dbeignoredasit doesnot af ect LDAcl assi fcationr

9.5.1 Exanpl esof RegistrationErrors

Thi ssectioncontai nsfguresthat illustrateexanpl esof unacceptabl eregi strationerrors. Usersof t hesof t wareshoul dl c
typeof output and, i f present, theresults shoul dnot be used. The 4DMedi cal CT Lung Densi ty Anal ysi s Sof t war e shoul d onl
used by Pul nonol ogi st's, Radi ol ogi st's, and Radi ol ogy Techni ci ans under t he super vi si on of aPul nonol ogi st or Radi ol ogi st .

1. Lobebordersarepoorlyregisteredandthe edges of theregisteredinspirationinage have abl urredappearance. Additi «
i nternal | andrmar ks ar e poor |y al i gned.

F gure 32Exanpl e 1 of regi strationerrors.
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2. Superior lungbordersof theright lungarenot aligned. Additional |y, | obefssureintheleft lungarenot well -aligned.

FH gure 33Exanpl e2of regi strationerrors.
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3. Poor regi strationof theinferior border of theright | ungduetorespiratorynotionduri ngt heexpirationacquisition. T
regi strationisacceptabl e.

H gure 34Exanpl e 3of regi strati onerrors.
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4. Internal anatonypoorlyregi stered. Vsualizationof thelobar fssuresintheright | ungsagittal vi ewi ndi cat es poor al
internal anatomcal structures. Thel eft lungregi strationisacceptabl e.

Fi gur e 35Exanpl e4of regi strationerrors.
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9.5.2 Exanpl es of Accept abl e Regi strati ons

For reference, thissectioncontai nsfguresthat ill ustrateexanpl es of acceptabl eregi strati ons.

H gur e 36Accept abl eregi strati onexanpl e 1.
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H gure 37Accept abl eregi strati onexanpl e 2.
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H gur e 38Accept abl eregi strati onexanpl e 3.

10 UniqueDeviceldentifcation

10.1 OQvervi ew

The FDAhas est abl i shed a uni que devi cei denti fcationsystemtoadequatel yidentify nedi cal devicesthroughtheir distri
anduse. Thereforethel abel of 4Dvedi cal * s devi cesi ncl ude auni que devi ceidentifer (UD) i nhunman-readabl eform

| FU- 22| v1| Page 384D
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11 Regul atory | nformation
11.1 Contact 4Dvedi cal

For support, contact 4DMedi cal usi ngthedetai | s bel owduri ng st andar d busi ness hours.
Phone: +1 833877 2267
Address:  21255Burbank Bl vd. Suite 120
VWodl andH I'l's, Galifornia
91367
UsSA
Enai | : suppor t @DMvedi cal . com| 4Dvedi cal . cond suppor t

11. 2 Sof t war e Label

D scl ai mer I nbi 0, 1 nci sawhol | y owned subsi di ary of 4DMedi cal Limted; anyreferencestol nbi ow thinthi s docunent refe
4DMedi cal .
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