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Pot
enti
al
Role
of
Pate
nt
Fora
men
Oval
e
inEXx
acer
bati

ng

betweenpatent  foramenovale and chronic  pulmonarydisease

wasfirstdescribedmorethan2 decades ago in
casereportsassociatingpatentforamenovalewith more
severehypoxemiathanthat expectedbasedonthe
severityoftheprimarypulmonarydisease.lt has beensuggested
thatpatientswithbothchronicpul- monarydiseaseandpatent
foramenovalearesubject toseverehypoxemiabecauseoftheright-to-
leftshunt. Furthermore, investigators havereportedimproved
systemicoxygen- ationafter patent

foramenovaleclosureinsomepatientswith
chronicpulmonarydisease.Thisreviewfocusesontheassociationbetween
chronicpulmonary disease andpatentforamenovaleandonthe
dynamicsofaright-to-leftshunt,and itconsiders the
potentialbenefitofpatent
foramenovaleclosureinpatientswhohavehypoxemia
thatisexcessiveinrelationtothedegreeoftheirpulmonarydisease.
(TexHeartinsj2017;44(3):189-97)

n fetalcirculation,theforamen ovalefunctions as aone-
ayvalvethatenablesbloodtoflowfromtheright atrium(RA)tothe
leftatrium(LA)sothatoxygen-
edbloodfromtheplacentacanbypasstheunaeratedlungsanddir
ectlyenterthefetussystemiccirculation.Thismechanismismain
ta|nedthroughoutevolu.tlon;allplacentalmammalsha\/eafora
menovale.**fterbirth,aninfantspulmonaryvascularresistance
decreases,andthereisaconcomitantincreaseinLApressureandde
_ _ _ creas_elnRAﬁressure.The
septumprimumisforcedagainstthelLAsideoftheseptumse-
cundum,andthe2septaeventuallyfuse,leavingbehindthefossaov
alis,adepressionthatmarksthesiteoftheforamenovale.Functiona
Iclosureoftheforamenovaleisincompleteinabout20%ofthepopulat
. ion.*®Most peoplewith
apatentforamenovale(PFO)remainasymptomatic.Nevertheless,
interatrialshuntingthroughaPFOcanoccurwithstrenuouseffort
thatsimulatesaValsalva maneuver,suchasyelling,

straining during bowel evacuation, coughing, and exercise.

Hyp
oxe
mia
in Chronic

Pulmonary
Disease

Al\natomicvariantsassociatedwiﬁwPFOsaIsopromoteshunﬁng.Aresid
ualeu-
stachianvalvecandirectflowpreferentiallyfromtheinferiorvenacav
atowardtheinteratrialseptum.Evenwithminimalinteratrialcom
munication,thesizeofarem- ] _
nanteustachianvalveappearstobeanindependentriskfactorfor
aright-to-left(Rhshunt.* o
nsenficenttricyspidvalveregurgitationinthepresenceofaPFOcanpr
ojectbloodtothesuperioraspectoftheRAandthenthroughthein
teratrialcommunica- )
tion,causingRLshunting.***atrialseptalaneurysm—
abulgeinthefossaovalis— o
canoccurwithaninteratrialcommunicationandappearstobeana
dditionalriskfactorforcryptogenicstrokeandhypoxemia.**

Patent
foramenovale has
been
associatedwithmulti
ple pulmonary
diseases, such
aspulmonaryhypert
ension,platypnea-
orthodeoxiasyndro
me,andchronic

Bonoccasion,excessivehypoxemiasduetotheopeningofaPFOa
ssociatedwithunwindingoftheaortaorwithhemi-

diaphragmaticparalysis,thelatterofwhichisexacerbatedwhen
apatien movesfromalyingtoastandingposition(orthodeoxia).*

Patentforamenovalehasbeenlinkedwithparadoxicalembolic
stroke, platypnea- orthodeoxiasyndrome,
decompressionillness,exacerbation of obstructivesleep apnea,

Dr.TobisisonthesteeringcommitteeofthePremiumTrialofPFOclosureformig
raines,whichissponsoredbySt.JudeMedical,Inc.Dr.AboulhosnisaproctorforSt.]

obstructivepul- udeMedicalforPFOclosure.Theseauthorstakeresponsibility forallaspects ofthereliabili

monary disease. A tyandfreedomﬁombiasofmedata

connection presentedandtheirdiscussed interpretation. Nofunding sources wereinvolved inthe prepar
ation, writing, oreditingofthismanuscript.
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obesityhypoventilationsyndrome,chron
|cpullmonar11_d|sease,an migraineheadac
hewithaura.Thepro- o
posedmechanismsandclinicalcharacter
IsticsofPFOsassociatedwiththeseconditi
onshavebeendescribedindetail.*®
»#npatientswithPFOwhohaveoneofthese
conditions,theLApressureistypically5to8
mmHghigherthantheRApressure;howev
er,inpatientswithchronicpulmonarydise
ase,suchaschromcobstruc_tlve?ulmonar
ydisease(COPD),elevatedintrathoracicp
res-
sureandpuImonawarter¥pressure(PAP)
ancausetheRApressuretosurpassthel
Apressure,resultinginRLshunting.?*
3afypoxemiagccursifalargeamountofdeoxyge
n%tedvenousbloodshuntstotheleft5|deo

the
heart;thiscouldexplainwhyapatientwithP
FOmightexperience arterialoxyge
nationtoadegreegreaterthanthatexpecte
dbasedonthepatientsun-
derlyingpulmonarydisease.?*
37HOWever,balsedonour . ) .
ownclinicalobservationofsuchpatients, it
isdifficuitodistinguishtherelativecontribu
tionsoftheRLshuntversustheunderlying
pulmonarydiseasetothepatientshypoxe
mia.

IntheUnitedStates, COPDaffectsasman
¥a532mllllonpeo le,orl0%ofthepopula
ion.Moreover,atleast20%ofCOPDpatie
ntsalsohavePFOs,whichmeansthatmore
than6millionpatientsareaffected by both
COPD _ andPFO.*®Morethanone
m|II|onMed|carepat|entsuse5lgfﬁlemen
talox¥genbecau_s_eofCOPD,an_ theannu
alcostisover$2billion.***™sreviewtakesin
toaccountthepotentialpublichealthimpacto
feliminatingRLshuntsandexploresthecu
r_
rentunderstandingofhowPFOcanprogre
ssfroman , :
incidentalfindingtoanactivecontributortoh
ypoXx- . , . .
emiainpatientswithchronicpulmonarydi
sease.

Diagnostic Imaging
Methods for Patent
Foramen Ovale

Patentforamenovalecanbe _
identifiedduringautopsyor. cardiac
catheterization.However, it is most often
diagnosed durin contrast
echocardiography. se ofagitated-
salinecontrastduring
ttansesophalgeale_chocar— .
diography(TEE),withandwithouttheuseofs
training,is the mlnlmall}/ invasive
standard forPFOdiagno- sis.***The more

frequently used screenin
method,transthoraC|cechocar_d|ogr.aphyJq
TTE) o withagitated-
salinecontrast,islimited
becauseitdoesnotenabledi-
rectvisualization = ofaPFO; instead,the

imagescaptureagitated-saline  bubbles

19 PFO

in theLA.Morerecent
datahavesuggestedarolefortranscranialD
oppler(TCD)inPFOidentification,givenTC
D'sgreatersensitivityincomparisonwithec
hocard|ograph{and|ts_ab|I|t4¥toquant|fy
thedegree ofRLshunting.*

StandardizingPFOsizingischallengingb
ecausethedegreeofshuntingdiffers,depe
ndinguponwhetherthepatientisatrestorp
erformingmaneuversthatincreaseintrat
Ihoraucpressure.Currently,therelsnosmg
eac-
ceptedgradingcriterion.Someinvestigato
rsfocuson

June2017,Vol.44,No.



theanatomicsizeofthedefect, whereasothe
rsmeas-
urethedegreeoftheshuntbasedonthenu
mberofagitated- .
salinemicrobubblesdetectedintheLAor
middlecerebralarteryat omento
rwithinadesignatedtimeframe.Themosta
ccuratetechniqueformeasuringPFOsize
istopositionasizingballoonwith
inthePFOandgentlyinflateitwithdilutedc
ontrastmedium;however,thismethodnec
essitatesinvasiveright- _ .
sidedheartcatheterization. ***"""gradingonec
hocardiographyisdeterminedbymeasuri
ngtheseparationoftheseptumprimumfr
omtheseptumse-
cundum;however,thisdoesnotalwaysco
rrelatewiththedegreeofshunting.Afunct
ionalmethodofshunt-
gradinginvolvesagitated- _
salinecontrastinjectionsandechocardio
graﬁhy.Thedegree_ofshuntlngdepends
onthenumberofmicrobubblesobserved
intheLAover3s,*7Adtated- )
saineso|utionisalsousedasacontrastagentwi
thTCD,inwhichthenumberofsalinemijcr
o- _ _ ~ bubbles—orhigh-
intensitytransientsignals(HITS)—
reachingthemiddlecerebralarteryarem
easuredduringanintervalof25stolmin.
Thedegreeofshuntingis .
basedonalogarithmicscaleofOto5+;ingra
de5+,thebubblesforma’curtain’becaus
etheyareindistin-
8u|shableandtoonumeroustocount(Ta
lel).*s™*"foramenovalecorrespondstoa
TCDshuntofjgrade30rh|%herand|sconﬁrm
edbyright-sidedheartcath-
eterization. Gradel and2shuntsareusuallyc
ausedbyeitherthetransmissionofafewb
ubblesthroughthepulmonarycirculatio
norbyaverysmallPFO(lessthan
2mm,asdeterminedbyballoonsizing).*"
esensitiv-ityofpowerM-
modeTCD(98%)hasbeenfoundtobegre.
aterthanthatofTEE(91%)forPFOdetecti
on.*®**However,althoughTCDsensitivitys
urpassesthatof ) .
echocardiographyandintracardiacecho
cardiography,itisalsomorelikelytoprodu
cefalse- . .
positiveresults.*Thus, TCDisnotspecific
.TheoperatorisunabletoviewthePFOan
atomyandcannotdistinguishbetweena
PFO,afenestratedatrialseptalaneurysm
,asystemicvenous-to- .
pulmonaryvenouscollateralfistulaorapul

monaryarteriovenousfistuNevertheles
s,becauseit

TABLE |.Methods for Grading Shunts

Microbubbles/HITS

Observed
Shunt Transcranial
Grade Doppler(n)*

Echocardiography(n)**

TexasHeart Institute

1 1-10 <5

2 11-30 5-25

3 31-100 >25

4 101-300 Complete
opacificationof
leftatrium

5 >300 —

5+ “Curtain”ofmicrobubbles —

HITS = high-intensity transient signals

* Observed over 25-60 s

** Observed over 5 s

ismorecomfortable

forthepatientthan
is TEE,TCDis
useful

astheinitialscreeni
ngtool . .
foridentifyingang_
shunt.434950

Patent
Foramen
OvalePrevalenc
einHypoxemicC
OPD Patients

Soliman and
colleagues®were
the irst to
describe

arelationshipbetw
eenPFOandCOPDi

n
20patientswithsev
ereCOPD(Global
Initiativefor
ChronicOb- .
structiveLungDise
asestatl:;eslll;IV)
(Tablell).Withthe
useofcontrastTEEa
ndpressure-
generating move-
ments(coughsand
Valsalvamaneuver
s),theinvestiga-
tors foundthat the
prevalenceofPFOi

n
theCOPDgroupwas
twicethatincontrol
subjects(70%vs35
%;P<0.05).More
PFOswere .
detected in
theircontrolgroupt
han
inthecontrolgroups

ofmost other
popula-tion

studies, perhaps
because they
defined a

positiveshuntasha
vingaminimum

of5microbubblesse
enin theLAwithin
3 cardiac cycles;

this was
alowcutoffcompare
dto ]
thoseusedinotherst
udies.*®In
aTurkishstudy
similar to
thatofSoliman and
colleagues, Ha-
cievliyagiland
associates**detecte
da2- .
foldincreaseinPFOp
revalence _
inCOPDpatientswit
hhypoxemia
incomparisonwith
healthycontrols.Alt
hough™ Kilic and
colleagues*'found
no association
betweenPFOand
hypoxemia  in
COPD patients,
they .
diddetecthigherPA
Plevels in
atientswithaPFO.
artoliniand
colleagues>*founda
PFOiInI20f22patien
tswithCOPD,andm
oreofthesepatients
hadhypoxemiainco
mparisonwiththeir
non-
PFOcounterparts.S

haikhandco-
authors>*were
unabletocorroborat
ethesefind-  ings
intheir _
st_ud\clofSO patients
withCOPDand50he
althy

controls;the2group
shadaPFOprevalen
ceof

PFO andHypoxemiainChronicPumonaryDisease



ectively(P=0.15
They

46%and30%,£es),p

Thefollowing2cas
es,whichinvolvepa
tientstreatedatour

etal,5(1999)

Sao,changewithVals

usedbothcontrast clinic, alvamaneuver
TTEandTCDto illustratehypoxem 15405
identifyPFO,and, li iainthepresenceof Severe-
keSoli- PFOan COPDgroup(%)
manandcolleague theimpact ofPFO PAP(mmHg)
s,theyusedarelati closure. 21+2.4
velylowcutofffora Patient1.A61- HacievliyagilSS, 102 Sao,atrest(%)
positiveRLshunt(s  year- . 9245 " 0.002 ’
catteredindividua oldmanwithahistor eta—|_3£2006) ' Pao,atrest(mmHg)
IbubblesseenonT yofCOPD(forcede 63+11 0.006
TEor>3bubblesse Xpiratoryvolume PAPatrest(mmHg)
enonTCD), which 1[FEV1],56%)an 47+14

might ac- dtobac- . 51

countfortheauth codependencew KilicH, etal. 21 Sa0y(%,)
orsobservationth  asreferredbyhisp 90+3.2 NS
attherewasahigh ulmonologistforw (2019} Paoz(mmHg)

erprevalenceofRL
shuntingintheirst
udy.Most N
shuntswereclassifi
edasgradelor2.N
otably,Shaikhandc

o-authorsdid
detect a
statistically
significantdiffere
ncein the

prevalenceoflarg
ePFOs(defined as

orseninghypoxe
miathoughttobed
isproportionateto
hispulmonarydisease
.Resting oxygensatur
ation i
Wa|584%wt|tr|10utsu
pplementaloxyge
n;itimprovedto97
%on6Lofsupplem
entaloxygenandfe
lltoaslowas 70%du
ringexercise.Durin
gab-minutewalk

Martolini D,etal.>? 22

11.7+0.9 <0.01
(2014)

98+1

ShaikhZF,etal.>®> 100
8.5 NS
(2014)

PAP(mmHgQ)
34+5.4

Pao,atrest(kPa)

Sao,atrest(%)
0.049

Paoz(kpa)

Submaximalexerciseendurancetime(s)
NS

534279

Ventilationatpeakexercise(L

grade >3 test(6 MW T )witho /min)
withuseofTCDorT utsupplementalo 34+8.8

TE) in13of xygen,thepa- NS=notsignificant;PAP=pulmonaryarterypressure;P
50COPDpatients tientsoxygensatu FO=patentforamenovale;Pts=patients;Sao,_arteria
comparedwith rationdecreasedfr loxygensaturation;VM =Valsalvamaneuver

3of om88%to77%,a Data are presented as mean+SD or as a humber.

>0controlsubjects
(P=0.01).

TwoC
ases
ofHyp
oxemi
ain
the
Prese
nce
ofPat
ent
Fora
men
Ovale

ndhispulserateincr
easedfrom84t092
beats/min(total
distance,363m).
Thepatientunder
wentTEEwithagita
ted- :
salinecontrast,whic
hshowedamod-
erate- _
sized,interatrialR
Lshuntgenerated
duringtheValsalva
maneuverl(_lggs. 1A1
B,and2A).Left-and

TABLEIl.ComparisonofHypoxemia
MarkersinStudiesofPatientswithChronic
ObstructivePulmonaryDiseasewith

andwithoutPFO
Reference No.Pts.

PFODetected NoPFODetected

PValue

Variable

rignt- ] ]
sided cardiaccatheteri
zationresultsinclud
edanRApressureo
fl12mmHg,asystol
icPAPof35mmHag,
aPuIm_onar veins
aturationof98%,an
dapulmonarycapil
larywedgepressur
e( P)of9mmHg
.Coro-
naryangiogramsreve
aIedonIyrr?%,nonobst
rucivecoronaryarter
ydisease.Onintracar
diacechocardiog-
raphy,amoderate-
sizedPFO(tunnelle
ngth,6mm)
wasaonfimedthere
wasnoseptalaneur
ysm,Sgnir
aGanttricuspidregur
gitation,orpromin
enteustachian

becausedbythePF
O,withshuntingex
acerbatedbythepa
tientsel-
evatedRApressure
causedbyCOPD.Th
ePFOwasclosedwit
ha25-
MMGoreHelex®se
ptaloccluder(W.L.
Gore&Associates, Inc
.,Flagstaff,Ariz)and
confirmedbypostpr
oceduralcolor-
DopplerTEE(Fig.1C
)and3-

dimensional TEEwit
hagitated-
salinecon- .
trastmedium(Fig.
2B).Afterclosure,0x
‘gensatura-
ionroseto91%atr
estwithoutsupple
mentaloxygen.On
emonthafterclosur

SolimanA, 40

Sao,atrest(%)

94+2.3NS

19 PFO

vatve:-TheRtshunt
wasdeterminedto

T ] (|
C, 1rrcrcvcalicuauric

hanged

June2017,Vol.44,No.
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pulmonaryarterya
ndRApressures,an
dtherewerenoobvi
ousleaksaroundth
eclosuredevice.In

apost-
procedural6MWT
withoutsuppleme
ntaloxygen,thepa
tientstotalwalkin
gdistanceincrease
dto422m;hisoxyg
ensaturationdecr
easedfrom92%to
84%;andhispulser
ateincreasedfrom
78beats/minto91l
beats/min.
Hereportedsympt
omaticimprovem
entofhisdyspnead
uringexertion.
Patient2 A59-
year-
oldmanwasreferre
dtoourclinicbyhisp
ulmonologisttobec

onsidere for

ercutaneousPFOc
osure in the
presence of

progressive,exerds
e

inducedhypoxemi
a.Thepatientsme

dicalhistorywassig
nificantfordiabete
smellitus,obstructi
vesleepapnea(trea
tedwithnoninvasiv
epositive-pressure
ventilationatnight)
,asthmawithCOPD

FEV1

55%)éndmor-
bidobesity(bodym
assindex,44kg/m?)

Theﬁatientreporte
dnohistoryof
tobaccouseand
hadnoknowncoron
aryarterydisease.
Hehadexperience
dgraduallyworseni
nghypoxemia;hisr
estingoxygensatur
ationwas94%,andi
tfell _to
87%withonlymilde
xertion.Intheprese
nceofanunchange
d ~ pulmonary
function
test,thepulmonol
oglstwasconqerne
dthatthepatients
hypox-
emiaseemedexce
ssivefortheextento

TexasHeart Institute

fhischronicpul-
mxna rydysfunctio

n.
TEEfromthereferri
ngcenter,whichhad
beenperformedwit
hagitated-saline
contrast
medium,showedan
interatrialRLshunt;
normalatrial
pressuresandnorm
alPAPwerenoted.R
esultsofleft-
andright-
sidedcardiaccathet
erizationincludeda
systol-
icPAPof40mmHg,n
ormalPCWP,andno
coronaryarterydis
ease.Thepatients
worseninghypoxe
miawasattributedt
otheincreasedRLs
huntthroughthePF
Ointhepresenceof
obstructivesleep
apnea,COPD,andm
orbidobesity.Hispul
monologistandcard
iologistde-
cidedthatPFOclosu
remightimprovehis
oxygenation.Durin
gright-
sidedheartcatheter
izationwithintracar

diacechocardiogra
pthlma%ln ,anl18-
mm FO(meas-
ured o
throughballoonsizi
ng3)wasrevealed(F|
g.3);no

whosehypoxemiawas
out of proportion to
hischronic
obstructivepulmonary
disease.A)Color-
flowDopplermodesho
wsflow

A P
PATT:370C 7 =
TEE T: 37.6C

1Patientl.Transesoph
agealechocardiogram
s (mid-esophageal,
bicavalview)showanin
teratrialright-to-
leftshuntin apatient

acrossthepatent
foramenovale(PFO)fro
mthe right atrium (RA)
to the left
atrium(LA).B)Agitated-
salinecontrastinjection
revealsshunting of
bubblesfromtheRAto
theLAthroughthe

trialSeptalDefect
Occluder(St.jude
Medical,partofAbb
ottLab-
oratories;St.Paul,

Minn)
(Fig.4).Apostdepl
oymentcolor-

PFO andHypoxemiainChronicPumonaryDisease



flowDopplerstudy
confirmedsucces
sful . _ .
sealingwithnoint
eratrialcommuni
cation.Withinsev
eraldays

19 PFO

June2017,Vol.44,No.



JPEG

58 bpm

Fig. 2Patientl.Three-dimensional,volume-

rendered, trans-esophageal echocardiograms

showA) theinteratrialshuntbeforeclosureof thepatent
foramenovale (arrow),andB) noresidualshuntingafter
closure witha GoreHeexseptal
occluder(arrow),uponagitated-
salinecontrastinjection(oval).

ofclosure,thepatientreportedsubjective
improvementindyspneaandexerciseca
pacity.Hisox zg}ensaturatlon . .
remainedat94%atrestandduringexertio
n.

Pulmonary Hypertension
and COPDwithPatent
Foramen Ovale

PatientsclassifiedbytheWorldHealthOrga
nizationashavinggroup3pulmonaryhyper
tension(PH), _ ] _
whichincludesPHassociatedwithlungdisea
sesandsleep-re-. )
latedbreathingdisorders,aremorelikelyto
havesevereCOPD,andupto30%of
patientswithmoderate-to-
severeCOPDhaveelevated pulmonary
pressuresthatcorrelatewithlower5-
yearsurvivalrateswhenthemeanPAPexce

eds25mmHg.***’Hypoxemia  inCOPDis
thought to be caused by a ventilation-
perfusion mis-

match,inwhichunoxygenated
bloodisdirectedthroughcapillaries
feednonfunctional

that

Fig. 3Patient2.Fluoroscopicimageshows
balloonsizing forpatent foramenovale(PFO)closure.
Theballooncatheterwasplacedoveraguidewireandpas
sedacrossthe PFOandintothe left atrium.Theballoon
wasinflatedgentlyuntilanindenta-tionwas seen at
thelevelof the PFO(arrows)andtherewasnoflow
aroundthe balloon,asdeterminedbyDoppler-flow
imagingthroughanintracardiac
echocardiographiccatheter(oval).
alveoli.AsCOPDprogresses,PAPrisesbecau
seof ~ hypoxia-inducedpul-
monaryvasoconstriction,andRApressuresu
bsequentlyincreases.>***IfPFOispresent,el
evatedRApressure
canincreasethedegree _
ofRLshunting,worsening hkl—poxemla
beyond the level expected basedonthe
Pa-tlent‘sdeg reeofpulmonarydisease.***®"
2conversely,



Fig.4Patient2.Fluoroscopicimageshowsal9-
MmMAmpiaezerAtrialSeptalDefectOccluder(arrow)inpla
ceacrosstheinteratri-alseptum, after
releasefromthe delivery cable.Anintracardiac
echocardiographiccatheter (oval)isalsoseen.

RLshuntingin apatientwithPFOcanbe
minimizedwith . the
useofsupplementaloxygen,inhaled
nitrousoxide,oraphosphodiesterase
(PDE)-5inhibitor,which .
reducethehypoxia-drivenrise
inPAP.Boerrigterandcolleagues®reporte
dthisphenomenonin
2hypoxemicpatientswithPFOandPHseco
nda _ toCOPD.Whenthese
patientsweregivensupplementaloxygen
, . o theirPAPand
arterialoxygenationimprovedsubstantiall

supplementaloxygen.Afterpercutaneous
PF closure_,oxygensaturatlon|mg)roved
fromél%wrthexertlontoa bove90%.Thes
econ
patientdidnotundergoPFOclosure. .

Boerrigterandcolleaguesreportisconsi
stentwiththoseofearli€érinvestigatorswhoh
aveidentifiedanassociationbetweenelevat
edPAPINCOPDandRLshuntingthroughaP
FO.»*3¢51338%2Thesefindingsindi-
catetheneedforfurtherlnvestlgiatlor_\ofPF
OclosureinthepresenceofPH.Inpatients
whoareunsuitableforPFOclosure,PDE-
5inhibitortherapyandinhalednitrousoxi
dearepromising;severalcasereportshaved
escribedimprovedarterialoxygenationa
fterinitiationofthesetherapies.®” ]
estargergh idiesare warrantedtoelucidatetheirp
otentialbenefit

Hypoxemia with Patent Foramen
Ovale

Therea%Pearstobe_anassociationbet\Nee
nPFOandhypoxemiaincertainchronicpul
monarydiseases;how- .
ever,thechallengeisseparatingthedegre
eofhypoxemiacausedbyanintracardiacsh
untfromthatcausedb )
apulmonaryshunt.Theoretically,these2ca
usescan
bedistinguishedfromoneanotherbycalcula
tln%thes untfractionwhileapatientisonl
0%supplemen- ]
ta ony%en. InreaIl’t\x,_thoug.h,thedynamlcnatur
eofanRLshunt ich might be present only

duri
lhe{glsalvamaneuvero rthroughouttherespirator

y oyde—
makes it challenging to quantifywhat degree
0f$hunﬁngcausesclinicallynoticez(ajg%hypoxe
mia.
Withtheincreaseduseofcardiacmagnetic
resonanceimaging,theshuntfractioncan
beestimatedbymeas-
uringtheratioofpulmonarybloodflowtosys

y.Inthefirstpatient,thePFOwas
initiallyundetectedonechocardiography,

whentnepatientwasnotreceiving

temicbloodflow (oftenmeasuredinthe pulmo
naryartery . .
andaorta,respectively).s"reemaproduced
byanintracardiacRLshuntanbeconfirme
dusingright-sid-
edheartcatheterization.Theoxygensatur
ationinthepulmonaryveins,measuredby
crossingthePFO,canbecomparedtothesy
stemicarterialoxygensaturation.Inthepr
esenceofsystemichypoxemia,lowpulmo
naryvenousoxygensaturationlevelswoul
dindicatepulmo- _

nar dl?easeasthemalncuIprlt,whereasnor
malpul- _ _
monaryvenousoxygensaturationwouldi
ndicatethat _
theintracardiacRLshuntisthecauseofhyp
oxemia.>*Alternatively,thepartial pressure
ofoxygeninarterialbloodcanbecomparedat
restandafterballoonocclu- )
sionofthePFO.IfthecardiacRLshuntisthe
maincontributortohypoxemia,balloonocc
lusionofthePFOshouldraisesystemicoxy
genlevels.

¢ AlthoughanRLshuntthroughaPFOcanal
ersys-
te_mYco levels, its effedonexerdsetoleranc
eisunclear.Hacievliyagiland colleagues3©rerore
dlower )
systemicandpulmonaryoxygensaturatio
nlevels, high- i .
e rdgﬁ)nea scores, shorterdistances walked durin
gabMWT,and  higher  desaturation
rates inCOPDpa-tientswith
aPFOcomparedto those
withoutaPFO.Martoliniandcolleagues>22's°f
oundanassociation



) betweenPFOand reduced
systemica nd pulmonaryoxygenlevels,
althoughtheyobservedpreservedexercis
etoleranceinpatientswithPFO,notingthat
RLshunt-ing, recorded as the number
of HITSobserved,wasgreater
inPFOpatients durin
a6bMWT.Similarly,Shaikhand
colleagues>reportedincreasedshuntingi
nPFOpatientsduringexercise,butthepa
o tientsfunc-tional
capacitieswerepreserved.Futurestudiess
houldnotonlymeasureshuntingandoxy
gensaturationsinPFOpatients,butalsoe
valuatefunctionaltestingasaprimary
_ _ metric, because the
severityofRLshuntingmightnotnecessari
lycorrelatewithclinicalsymptoms.Therer
emains a paucityof
) Prospectlvedataforox- gen-
saturationstatusbeforeandafterPFOclos
. urelnPatlentswmhchronlcpulmonaQ/
disease.llkhanoffandcolleagues®’foundt
. __hat,intheirstudy
ofpatientswithinteratrialseptal
defects(includingPFO),meanarte-

o rianxgggen
saturatlon|mprovedfrom86.7Z’/Fo>t08 O'O;A;
afterclosure.Althoughtheimmediatepost
~ -proceduralimprovementof
hypoxem|a|nthesepatlentssencourafq|ng
, theshortfollow-upperiodandlackofpre-
versus postprocedural clinical

_ metricsmakesex-
trapolatingtheoutcometootherpatientsc
haI_en?mg.Inthelrretrospectlvestudyof9
patientswithchronicpulmonarydisease,E
[Tahlawiandco-authors®®™no
significantimprovementin

o NewYorkHeartAs-
sociation(NYHA)functional class
afterPFOclosureandconcludedthat

chronicpulmonary disease andPFO.A
studyofthismagnitudewouldneedtotakes
everalkeyfactorsinto consideration: for
example,determining _ .
whetherPFOclosure is suitable only in

patients _with larger
gradesofRLshunting(>grade4
asestablished
byTCD).>***RestrictingPFOclosure to
thls?roup .
wouldpreventunnecessaryproceduresinp

atients whosePFOsareun-

. . hypoxemia in
thispatientgroupwasmorelikely
related to pulmonaryshuntingthanto
intracardiacshunting.Conversely,Deven
_ _ draandas-
sociates®’reportedimprovedoxygensatur
atlon(10.1%averaqe|mprovement;E’<0.0
~ 01)andNYHAfunction-al
class(l.5medianimprovementinclass;P
=0.008)in10patientswithPFOandexercis
e-inducedhypox-emia
afterPFOclosure.More

recently,al a r g e r studyof97patientswit
hunderlyingchronicpulmonarydis-
easeshowedthatpatientshadanimprov
ement=linNYHAfunctional
class(51%ofpatients;P <0.001)andredu§

e
supplementaonygenrequirements(34%?c

patients;P<0.001)afterPFOclosure.Using
contrastTTE,theauthorsofthestudy
determinedthathavingalargerRLshuntwas
associatedwithagreaterlikelihoodofclinica
limprovementafterclosure(P<0.0087).°*Al
-thoughlimitationsexistinthissingle-
armstudy,itsfinding thatthereis

. thepotentialforimprovedfunc-
tionalstatusafterPFOclosuresuggests
thataprospec-tive, randomized
studyusing similarmetricswouldbe

instructive.

Evaluating the Role of
Patent Foramen Ovale Closure

Whichchronicpulmonarydiseasepatients
would ben-efitfromPFOclosure remains

unclear. Fenster and Carroll®outlined
the discrepancies of hypoxemia
inRLshunting and calledfora

multidisciplinary
studytoadequatelyaddressthemanagem
ent ofpatientswith

forintervention,wehypothesizethat,incert
ainchronicpulmonarydiseasepatientswith
hypoxemia,PFOclo-sure .
mightresultinsubstantialimprovementsin
qualityoflife.

Rezg gen

likelytoproducehypoxemia.Patientswithanatomic

variants— ) _ )
includingshuntsofvarioussizes,atrialsepta
laneurysms,tricuspidregurgitation,andre
sidual “eusta-chian valves—might also
benefitfrom .
screeningandRLshuntcorrection.
Infuture _ clinical . trals,
thepreferredlma?_:jlngmethodforlnltlaIPFO
screening should also be established.
Because™ the quality ofTTEimages is
often ) ) poor
inCOPDpatientswhohavehyperinflatedlu

ngs, TCD,whichismoresensitive,mightprov
emoreusefulforini-
tialscreening.**Patientssuspected of
havingalargeRLshuntcoul then
undergoTEEtoconfirmthepresenceofaPFO
,whichcouldfinallybeverifiedbyright-
sidedheartcatheterization.Caremustbe
takentodifferenti- . )
atebetweenpatientswithhypoxemiadueto
intracar-
diacshuntingasopposedtootherpulmonary
diseases.Echocardiography in



tandemwithcardiac magneticresonance
couldbeanotheroptiontoscreen

forPFO,enablingshuntfractionstobecalcul
atedandadiagnosisofPFOto be ruledoutin

patients with _intrapulmo-
naryshunts.Cardiacmagneticresonancew
ouldalsobe

helpfulinconductingfurtherresearch
toquantifytherelationshipbetween
thedegree ofshuntingandonset
ofclinicallysignificanthypoxemia.
ClosureofPFOsin
withPHiscontrover- .
sial.AlthoughelevatedPAPinthepresenceo
fPFOcanexacerbate ) ypoxemia,
closingaPFOinpatientswithPHmightbedet
rimental,because
theRLshuntmlg_htactasa“pogo- _
off'valve,diminishingtheeffectofhighPAP
ontherightsideofthe™ heart.Priorreports
ofPFOclosureinPHhavenotdescribedanyin
cidentsof .
rightventricularfailure.?”*?Ingeneral,howe
ver,PFOclosurein a  patientwithPHis
considered unsafe and isnotadvised
untilmore outcomedata areavailable.In
the o _ _meantime,
pharmacologicinterventionwith
InhaledPDE- ]
5inhibitorsornitrousoxidehasshown
promis-ingresultsinthesepatients.
Clinicalmetricstoanalyze,beforeandaf
terPFOclo- ] ) ]
sure,includesubmaximalexercisecapadty (6
MWT)andmaximalexercise capacity withuse
ofcardiopul- e _
monaryexerdsevari oxy_cllenconsummona
s).Thelong-

patients

ndanaerobicthreshol
termconsequencesofPFOclosureonapat
ientsfunctionalcapacity,qualityoflife,su
Qcplementaloxygenuse,l|keI|hoodofhosp
ital-
ization,andneedfprlungtransplantations
houldalsobeconsidered.Giventhepotent
ialimpactofinterventional
PFOclosureonpublichealth,thecost-to-
benefitratio .
ofthistreatmentdeservesfocusedattenti
on.Althoughitisstillchallengingtoidentify
theappropriatecohort
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