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!

!
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X%&O'N,&YTYS%&)%++%&+Z[,%W&

!

!

i!Z-#-*>!Z-.'!,$+!+;!.61!-(#-+,!A-'!3&,,&!,*N'&!5-+'!'(#,$(,V!-7&3!,$+V!+;!1!-!,$(,>!

!

i!K=&;V!D$5-.&!&,!)*-#;+&>!?$('!I,&'!.$,#&!'1.,*N'&>!M&!7$('!-+5&!,&;;&5&.,>!

!

i!5&'!A-#&.,'!B(+!56-+5&.,!,-.,!&,!B(+!56$.,!-AA#+'!B(&!;6$.!A&(,!-+5&#!,&;;&5&.,>!

!

i!5-!%-5+;;&>!)6&',!'+!0$.!4&!7$('!-7$+#>!?$('!56I,&'!&''&.,+&;'>!

!

i!5&'!-5+'>!K(!.$5!4(!P+%!c!?$('!I,&'!5$.!&''&.3&>!

!

i!5&'!3$;;N8(&'>!M&!7$('!4$+'!9.$#595&.,>!2&#3+!4&!7$,#&!'$(,+&.>!

 !
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<.! =2!>37?0!=32&

 

 

<.-.!0'*\%*S+"$&YS"QZR"\]"+S)&Z%R*S"&^07G_&

 

 

<.-.-.! 7%(S*S+S'*&

 

F*&! 4+-A*#-85! 4&7&;$A'! 4(#+.8! ,*&! j,*! -.4! \k,*!Q&&P'! $%! 8&',-,+$.>! F*&! '&A,(5!

,#-.'7&#'(5! 5&50#-.&! 8#$Q,*'! -.,&#+$#;1! +.! $#4&#! ,$! '&A-#-,&! ,*&! ,*$#-3+3! %#$5! ,*&!

-04$5+.-;!3-7+,1>!F*&.V!,*&!A;&(#$A&#+,$.&-;!%$;4!Q+;;!3;$'&!A$',&#+$#;1!,*&!A;&(#$A&#+,$.&-;>!

U-,&#V!5('3;&!%+0&#'!5+8#-,&!+.,$!,*+'!5&50#-.&!%#$5!-.,&#+$#!,$!A$',&#+$#>!`\:la>!/(&!,$!,*&!

;-,&!3;$'(#&!$%!,*+'!5&50#-.&!$.!,*&!;&%,!'+4&V!;&%,!4+-A*#-85-,+3!*&#.+-'!-#&!5$#&!3$55$.!

`mno!;&%,!7&#'('!\\o!#+8*,V!]o!-#&!0+;-,&#-;a!-.4!-#&!A#&4$5+.-.,;1!A$',&#+$#>!/$#'-;!4&%&3,'!

-#&!3-;;&4!L$3*4-;&P!*&#.+-V!-.4!-.,&#+$#!4&%&3,'!-#&!.-5&4!2$#8-8.+!*&#.+-!`ja>!!

 
 

 
4,67!"'89':;<!=*)*6='*('5&"'1,$-&!$6;'!`pa!

http://www.bionalogy.com/respiratory_system.htm 

 

 

<.-.<.! 6QSY%]S'$'\`&

 

)$.8&.+,-;! 4+-A*#-85-,+3! *&#.+-! `)/Ga! +'! -5$.8! ,*&! 5$',! 3$55$.! +'$;-,&4! %&,-;!

5-;%$#5-,+$.'>!)/G!$33(#'!+.!\qlkkk!,$!\qpkkk!;+7&!0+#,*'!`ra>!F*+'!.(50&#!4$&'.6,!+.3;(4&!

Q*-,! *-'! 0&&.! 3-;;&4! ^! *+44&.!5$#,-;+,1! _! `naV! '(3*! -'! ',+;;0+#,*'V!5&4+3-;! ,&#5+.-,+$.! $%!
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A#&8.-.31!$#!.&$.-,-;!4&-,*!0&%$#&!,#-.'%&#!,$!-!,&#,+-#1!3&.,&#>!)/G!-%%&3,'!-0$(,!pj]!,$!

]\rm!0-0+&'!&-3*!1&-#!+.!J(#$A&!`ma!-.4!\\\j!+.!,*&![.+,&4!Z,-,&'!`sa>![;,#-'$(.4!'3#&&.+.8!

A#$8#-5'!*-7&!;&4!,$!A#&.-,-;!4+-8.$'+'!+.!-0$(,!]!$%!l!3-'&'!$%!)/G!`\ka>!jko!$%!3-'&'!*-7&!

-''$3+-,&4!5-;%$#5-,+$.'V! +4&.,+%+&4! '1.4#$5&'! -.4q$#! 8&.&,+3! A#$0;&5'! `\\V! \]a>! F*&'&'!

-''$3+-,&4! -.$5-;+&'! #&B(+#&! 'A&3+%+3! 3-#&! -.4! -#&! +.4&A&.4&.,;1! 3$##&;-,&4! Q+,*! -! A$$#!

A#$8.$'+'>!!

!

!

]>\>l>! E(,3$5&'!

!

)/G!+'!-''$3+-,&4!Q+,*!*1A$A;-'+-!$%!0$,*!;(.8'!,*-,!-%%&3,'!-+#Q-1'!-.4!7&''&;'!Q+,*!

'(0'&B(&.,!A(;5$.-#1!*1A&#,&.'+$.>!"(;5$.-#1!*1A$A;-'+-!3$(;4!0&!&=A;-+.&4!01!,Q$!5-+.!

5&3*-.+'5'!-'!A$',(;-,&4! +.!,*&!^!4(-;:*+,!*1A$,*&'+'!_! `\lat!A#+5-#1!-%%&3,+$.!$%!'5$$,*!

5('3;&'!$%!0$,*!;(.8'!,*-,!+.,&#%&#'!Q+,*!4+-A*#-85!4&7&;$A5&.,!`\j:\ra!-.4!*&#.+-,+$.!$%!

-04$5+.-;!3$.,&.,!+.,$!,*&!,*$#-=!,*-,!+.,&#%&#'!Q+,*!+A'+;-,&#-;!;(.8!4&7&;$A5&.,!`\nV!\ma>!

K.1*$QV!A(;5$.-#1!*1A$A;-'+-!;&-4'!,$!-#$(.4!lk!o!$%!.&$.-,-;!5$#,-;+,1!+.!,&#,+-#1!3&.,&#'V!

&7&.!+%!)/G!+'!-!'(#8+3-;;1!3$##&3,-0;&!4&%&3,!`\sV!]ka>!F*-,6'!Q*1!%&,-;!'(#8&#1!+'!-.!-#&-!$%!

+.,&#&',V!+.!$#4&#!,$!A#$5$,&!;(.8!8#$Q,*!4(#+.8!%&,-;!;+%&>!!

 

 

4,67!"'>9'?))7#5!$5,*2'*('0@A'+,5&')726'%*;-!"##,*2'`]\a'

https://fetus.ucsfmedicalcenter.org/cdh 

&
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<.-.E.! BR%*"+"$&",,%,,]%*+&

 

K'! A#&.-,-;! +.,&#7&.,+$.! +'! -! #+'P1! A#$3&4(#&V! &'A&3+-;;1! 0&3-('&! $%! +-,#$8&.+3!

A#&5-,(#&!A#&;-0$#! A#&,&#5! #(A,(#&!$%!5&50#-.&'! `""DE2a! -.4! &-#;1! 4&;+7&#1V! -33(#-,&!

&7-;(-,+$.! +'! 3#(3+-;! ,$! '&;&3,!Q$#',! 3-'&'! &;+8+0;&! ,$! %&,-;! '(#8&#1>! F*&!A#+.3+A-;! A#$8.$'+'!

%-3,$#! +'! ,*&! ;(.8:,$:*&-4! #-,+$! `UGDaV! ,*-,! +'! ,*&! 5&-'(#&5&.,! $%! ,*&! 3$.,#$;-,&#-;! ;(.8!

B($,&4!+.!#&;-,+$.!,$!,*&!*&-4!3+#3(5%&#&.3&!`]]a>!!K'!,*&!UGD!4&A&.4'!$.!8&',-,+$.-;!-8&V!+,!

5(',!0&!&=A#&''&4!-'!-!%(.3,+$.!$%!Q*-,!+'!&=A&3,&4!+.!-!8&',-,+$.-;:-8&!3$.,#$;!`$0'&#7&4!q!

&=A&3,&4at!$q&!UGD!`]lV!]ja>!J',+5-,+$.!$%! ;(.8!'+@&!3-.&!0&!4$.&!01!(;,#-'$(.4!-'!Q&;;!-'!

5-8.&,+3!#&'$.-.3&!+5-8+.8!`]pV!]ra>!F*&!A#&'&.3&!$%!;+7&#!*&#.+-,+$.!+'!-;'$!A#&4+3,+7&!`]rV!

]na>!Z(#7+7-;!#-,&'!$%!%&,('&'!Q+,*!+'$;-,&4!;&%,:'+4&4!)/GV!4&A&.4+.8!$.!,*&!5&-'(#&5&.,!$%!

,*&!EqJ!UGD!-.4!,*&!A$'+,+$.!$%!,*&!;+7&#!-#&!#&A$#,&4!$.!%+8(#&!p!`]ma>!D&3&.,;1V!&7-;(-,+$.!$%!

,$,-;! ;(.8! 7$;(5&'! -.4! A(;5$.-#1! 7-'3(;-#+@-,+$.! *-7&! 0&&.! A#$A$'&4! %$#!5$#&! -33(#-,&!

A#&4+3,+$.! $%! .&$.-,-;! $(,3$5&! `]sa>! U-',;1V! %&,('&'!Q+,*! #+8*,:'+4&4! )/G! '&&5! ,$! *-7&! -!

A$$#&#! $(,3$5&! ,*-.! ,*-,! #&A$#,&4! %$#! %&,('&'!Q+,*! ;&%,:'+4&4! )/G!Q+,*! '+5+;-#! ;(.8! '+@&!

0&%$#&!0+#,*V!0(,!+,6'!3$.,#$7&#'+-;!`lk:lla>!

 

 

4,67!"'B9'CAD'`lja' '''''''''4,67!"'E9'?))7#5!$5,*2'*('),F"!'-*#,5,*2'$21'0@A'#,1"'`lja'

         http://www.totaltrial.eu/?id=13 
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4,67!"'G9'H7!F,F$)'!$5"#'*('("57#"#'+,5&',#*)$5"1')"(5I#,1"1'0@AJ'1"-"21,26'*2'5&"'

'''';"$#7!";"25'*('5&"'KL:'CAD'$21'5&"'-*#,5,*2'*('5&"'),F"!'M>NO'

&

 

<.<.!C%+"$&,NR\%R`&

 

 

<.<.-.! 6O'$N+S'*&'(&(%+"$&,NR\%R`&

!

K.-,$5+3-;!#&A-+#!$%!)/G! +.!(,&#$!*-'!0&&.!%+#',;1!-,,&5A,&4!01!G-##+'$.!"5'$)P'0(,!

$A&.! '(#8&#1!Q+,*! *1',&#$,$51! +.4(3&4!5-,&#.-;!5$#0+4+,1! -.4! 4+4.6,! +5A#$7&! .&Q0$#.!

$(,3$5&!̀ lpV!lra>!2$#&$7&#V!#&4(3+.8!)/G!$%!%&,('&'!Q+,*!;+7&#!*&#.+-,&4!+.,$!,*&!,*$#-=!P+.P'!

,*&!(50+;+3-;!7&.$('!#&,(#.!-.4!5-1!;&-4!,$!%&,-;!4&-,*!`lna>!!K.$,*&#!-AA#$-3*!Q-'!0-'&4!

$.! ,*&! %&,-;! ,#-3*&-;! $33;('+$.! `FEa>! O,! A#&7&.,'! &8#&''! $%! ;(.8! %;(+4! -.4! +.3#&-'&'! -+#Q-1!

A#&''(#&! ,*-,! ;&-4'! ,$! 0&,,&#! 8#$Q,*! $%! -;7&$;-#! -+#'A-3&! -.4! 5-,(#-,+$.! $%! A(;5$.-#1!

7-'3(;-,(#&! `lm:j]a>! K%,&#! &=A&#+5&.,-,+$.! $.! -.+5-;!5$4&;'! `jl:jraV! FE! *-'! 0&&.! %+#',;1!

A&#%$#5&4! +.! *(5-.'! 01! $A&.! *1',&#$,$51! $#! &.4$'3$A+3! A#$3&4(#&'! +.7$;7+.8!5-,&#.-;!

;-A-#$,$51!`jna>!2+.+5-;;1!+.7-'+7&!-AA#$-3*!*-'!,*&.!0&&.!4&7&;$A&4!-.4!*-'!0&&.!3-;;&4!

%&,-;!&.4$'3$A+3!,#-3*&-;!$33;('+$.!̀ RJFEa!`jma>!O,!3$50+.&'!A&#3(,-.&$('!&.4$'3$A+3!'(#8&#1!

-.4!(;,#-'$(.4!8(+4-.3&>!

!
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<.<.<.! C%+"$&6*Y',)'QS)&!R")Z%"$&3))$N,S'*&^C6!3_a&+%)Z*S)"$&",Q%)+,&

!

F&3*.+3-;!-'A&3,'!$%!RJFE!*-7&!0&&.!4&'3#+0&4!01!/&A#&',!"5'$)!`jsa>!K,!%+#',V!RJFE!Q-'!

A&#%$#5&4! (.4&#! 8&.&#-;! -.&',*&'+-! 0(,! ,*&1! 5$7&4! ,$! #&8+$.-;! -.&',*&'+-! Q+,*! %&,-;!

'&4-,+$.!-.4! +55$0+;+@-,+$.>!K! ,*+.!&.4$'3$A&! +'!A&#3(,-.&$(';1! +.,#$4(3&4! +.,$! ,*&! %&,-;!

,#-3*&-!,$!A$'+,+$.!-!4&,-3*-0;&!0-;;$$.!0&,Q&&.!,*&!3-#+.-!-.4!7$3-;!3$#4'V!-'!+;;(',#-,&4!01!

%+8(#&!r>!O.',#(5&.,!'A&3+%+3-,+$.'!%$#!RJFE!A#$3&4(#&!-#&!4&,-+;&4!+.!%+8(#&!n!-.4!,-0;&!\>!F*&!

0-;;$$.!('(-;;1!('&4!%$#!RJFE!+'!,*&!d$;40-;!]!4&,-3*-0;&!0-;;$$.V!L-;,!̀ 2$.,5$#&.31V!R#-.3&a!

`$%%:;-0&;!('&aV!+;;(',#-,&4!+.!%+8(#&!m>!

!

FQ$!5(;,+3&.,&#!+.,&#.-,+$.-;!#-.4$5+@&4!3$.,#$;;&4!,#+-;'!&7-;(-,+.8!,*&!+.,&#&',!$%!

RJFE!+.!'&7&#&!-.4!5$4&#-,&!)/G!-#&!3(##&.,;1!$.8$+.8t!!

!

!! D-.4$5+@&4! ,#+-;! $%! %&,$'3$A+3! &.4$;(5+.-;! ,#-3*&-;! $33;('+$.! `RJFEa! 7&#'('!

&=A&3,-.,! 5-.-8&5&.,! 4(#+.8! A#&8.-.31! +.! %&,('&'! Q+,*! ;&%,! '+4&4! -.4! +'$;-,&4!

3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!-.4!'&7&#&!A(;5$.-#1!*1A$A;-'+-!`Y)Fk\]jkkpna>!

!

!! D-.4$5+@&4! ,#+-;! $%! %&,$'3$A+3! &.4$;(5+.-;! ,#-3*&-;! $33;('+$.! `RJFEa! 7&#'('!

&=A&3,-.,! 5-.-8&5&.,! 4(#+.8! A#&8.-.31! +.! %&,('&'! Q+,*! ;&%,! '+4&4! -.4! +'$;-,&4!

3$.8&.+,-;! 4+-A*#-85-,+3! *&#.+-! -.4! 5$4&#-,&! A(;5$.-#1! *1A$A;-'+-!

`Y)Fkknrlnlna>!

 

F*&!-3#$.15!('&4!+'!uFEFKU6!`F#-3*&-;!E33;('+$.!F$!K33&;&#-,&!U(.8!8#$Q,*a>!

!

Z&7&#&!A(;5$.-#1!*1A$A;-'+-!+'!4&%+.&4!01!$q&!UGD!v!]po!5&-'(#&4!-,!,*&!;-,&',!-,!]s!

Q&&P'!-.4!p!4-1'V!Q*&#&-'!5$4&#-,&!*1A$A;-'+-!+'!4&%+.&4!01!$q&!UGD!0&,Q&&.!]p!-.4!lpo!

`A$'+,+$.!$%!;+7&#!.$,!#&;&7-.,a!$#!$q&!UGD!0&,Q&&.!lp!-.4!jpo!Q+,*!;+7&#!+.!,*&!3*&',>!

!

O.! ,*&! '&7&#&! 3-'&'V! RJFE! +'! A&#%$#5&4! 0&,Q&&.! ]n! -.4! lk! Q&&P'V! Q*+;&! +.! ,*&!

5$4&#-,&!3-'&'V!RJFE!+'!A&#%$#5&4!0&,Q&&.!lk!-.4!l]!Q&&P'>!L-;;$$.!#&5$7-;!+'!'3*&4(;&4!

0&1$.4!lj!Q&&P'>!F*&!,#-3*&-;!#&;&-'&!+'!-!3#+,+3-;!A$+.,!-.4!Q+;;!0&!4+'3(''&4!%(#,*&#>!
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!

4,67!"'Q9'?))7#5!$5,*2'*('4:.K'-!*%"17!"'`jsa'

!
!

 
 

4,67!"'R9'?2#5!7;"25#'7#"1'(*!'5&"'4:.K'-!*%"17!"'`jsa'

 &
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!

!
!

.$<)"'89'?2#5!7;"25'#-"%,(,%$5,*2#'(*!'5&"'4:.K'-!*%"17!"'`jsa!
!
!
!
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&&

 

At first Balt manufactured 

tubes, as a subcontractor 

for the medical industry: 

tubes for catheters used in anaesthesiology, 

cardiology, gastrology, etc. In 1978, Professor 

Jean-Jacques Merlan, a pioneer in interventional 

radiology at Hôpital Lariboisiere in Paris, got in 

touch with Balt for a very special request: he 

required thin and supple tubes to enable the 

delivery of detachable balloons in cerebral 

arteries. At the time Balt was in the process of 

developing an extrusion technique to produce 

microcatheters with a unrivalled suppleness; It 

was thanks to this technology that BALT 

Extrusion entered the world of interventional 

neuroradiology. Pr. Serbinenko of the Burdenko 

Institute in Moscow was the inventor of the latex 

detachable balloon (used in treatment of 

aneurysms at that time). He asked Balt to develop 

a technology to enable mass-production of these 

balloons and the catheter systems necessary for 

their positionning. Léopold Plowiecki succeeded 

in producing them in 1980. Fortified by its 

successes, BALT began to develop its own range 

of products for interventional radiology: catheters 

for angiography, micro guidewires, valve 

introducers, stop-cocks, connectors and 

miscellaneous accessories 

 

4,67!"'N9'?))7#5!$5,*2'$21'&,#5*!='*('S*)1<$)'<$))**2#! (50) &
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<.<.@.! 3N+)']%,&"(+%R&+R")Z%"$&'))$N,S'*&

!

K.!J(#$A&-.!8#$(A!A(0;+'*&4! ,*&! #&'(;,'!$%! ,*&! %+#',! ]\k! 3-'&'!$%! '&7&#&!)/G! ,*-,!

(.4&#Q&.,!RJFE!`p\a>!F*&!5&4+-.!4(#-,+$.!$%!RJFE!Q-'!\k!5+.!-.4!'(33&''%(;!A;-3&5&.,!$%!

,*&! 0-;;$$.! -,! ,*&! %+#',! A#$3&4(#&! Q-'! -3*+&7&4! +.! sr>no! $%! 3-'&'>! ZA$.,-.&$('! ""DE2!

$33(##&4! +.!jn>\o!$%!3-'&'!-.4!,*&!5&4+-.!8&',-,+$.-;!-8&! %$#!4&;+7&#1!Q-'!-,!lp>l!Q&&P'!

`0&%$#&!lj!Q&&P'! +.! lk>so!$%! 3-'&'a>! sn>\o!$%! ,*&!0-0+&'!Q&#&! ;+7&!0$#.!-.4!jm>ko!Q&#&!

4+'3*-#8&4!%#$5!,*&!*$'A+,-;!-;+7&>!F$!0&!.$,&4!,*-,!,*&#&!Q&#&!\k!4&-,*'!4+#&3,;1!#&;-,&4!,$!

4+%%+3(;,+&'!Q+,*!#&5$7-;!$%!,*&!0-;;$$.>!E.!,*&!0-'+'!$%!,*&!#&;-,+$.'*+A!0&,Q&&.!'(#7+7-;!-.4!

$q&!UGD!+.!&=A&3,-.,;1!5-.-8&4!%&,('&'!Q+,*!)/GV!-(,*$#'!&',+5-,&4!,*-,!+.!%&,('&'!Q+,*!;&%,!

)/G!,#&-,&4!Q+,*!RJFE!,*&!'(#7+7-;! #-,&! +.3#&-'&4! %#$5!]j>\o!,$!js>\oV!-.4! +.! #+8*,!)/G!

'(#7+7-;! +.3#&-'&4! %#$5!ko! ,$!lp>lo! `"!v!k>kk\a>! R+.-;;1V! ,*&+#! %+.4+.8'! '(88&',&4! ,*-,! ,*+'!

,&3*.+B(&!5-1!0&!-''$3+-,&4!Q+,*!-!'(0',-.,+-;!+5A#$7&5&.,!+.!A&#+.-,-;!'(#7+7-;V!Q+,*!-!;$Q!

#-,&!$%!3$5A;+3-,+$.'>!K!'+5+;-#!+.3#&-'&!+.!'(#7+7-;!-%,&#!FE!*-'!0&&.!$0'&#7&4!+.!$,*&#'!'&#+&'!

`p]:pja>!D7$2*'"5'$)P!A(0;+'*&4!,*&!%+#',!#-.4$5+@&4!,#+-;!,$!3$5A-#+.8!&%%+3-31!$%!RJFE!%$#!,*&!

,#&-,5&.,!$%!'&7&#&!+'$;-,&4!)/G!7&#'('!',-.4-#4!A$',.-,-;!5-.-8&5&.,!-;$.&V!-5$.8!j\!

A-,+&.,'!`ppa>!/&;+7&#1!$33(##&4!-,!lp>r!w!]>j!Q&&P'!+.!,*&!RJFE!8#$(A!-.4!-,!ln>j!w!\>s!Q&&P'!

+.!,*&!3$.,#$;'!`"!v!k>k\a>!O.!,*&!+.,&.,+$.:,$:,#&-,!-.-;1'+'V!pk>ko!$%!+.%-.,'!+.!,*&!RJFE!8#$(A!

'(#7+7&4!7&#'('!j>mo!+.!3$.,#$;'!`#&;-,+7&!#+'P!`DDa!\k>pV!"!v!k>k\a>!!

FQ$!5&,-:-.-;1'&'!0$,*!'*$Q&4!,*-,!RJFE!+5A#$7&4!'(#7+7-;!+.!'&7&#&!3-'&'!$%!)/G!

`prV!pna>!D&'(;,'!$%!,*&!5-+.!',(4+&'!-#&!#&A$#,&4!$.!,-0;&!]>!FQ$!5(;,+3&.,&#!+.,&#.-,+$.-;!

#-.4$5+@&4!3$.,#$;;&4!,#+-;'!&7-;(-,+.8!,*&!+.,&#&',!$%!RJFE!+.!'&7&#&!-.4!5$4&#-,&!)/G!-#&!

3(##&.,;1!$.8$+.8!`uFEFKU6!,#+-;a>!/-,-!$.!;$.8:,&#5!5$#0+4+,1!+'!',+;;!;-3P+.8>!

!

! "#$%!!"#$%&'!())*! +,-#./##!"#$%&'!()00! 12#$3!!"#$%&'!()0(!

! RJFE! )$.,#$;'! ! RJFE! )$.,#$;'! ! RJFE! )$.,#$;'! !

$! ]\k! \r\! ! ]m! \l! ! ]k! ]\! !

42-5%5#.! js>\o! ]j>\o! Avk>kk\! lr>ko! ko! Axk>k\]! pk>ko! j>mo! Avk>k\!

6,7%8$! )$*$#,!',(41! Y$.:#-.4$5+@&4!3$.,#$;;&4!,#+-;! D-.4$5+@&4!3$.,#$;;&4!,#+-;!

!

.$<)"'>9'D"#7)5#'*('5&"';$,2'#571,"#'"F$)7$5,26'#7!F,F$)'$(5"!'4:.K',2'#"F"!"'0@A'



 20 

<.<.E.! D"$$''*&R%]'O"$&]'Y"$S+S%,&&

!

E.&!$%!,*&!5-C$#!3$.3&#.'!-0$(,!RJFE!A#$3&4(#&!+'!,*&!.&&4!$%!0-;;$$.!#&5$7-;>!O%!+,6'!

%&-'+0;&V!%&,-;!-+#Q-1!#&&',-0;+'*5&.,!*-'!,$!0&!A&#%$#5&4!,2'75"!*!%$#!'&7&#-;!#&-'$.'>!R+#',!

$%!-;;V!#&5$7-;!$%!,*&!0-;;$$.!A#+$#!,$!4&;+7&#1!+'!3#(3+-;!,$!-3*+&7&!;(.8!3&;;(;-#!5-,(#-,+$.!-.4!

,*&#&%$#&!+5A#$7&!.&$.-,-;!'(#7+7-;!`jsa>!O.4&&4V!&=A&#+5&.,-;!',(4+&'!*-7&!'*$Q.!,*-,!FE:

;(.8'!-#&!4&A;&,&4!$%!,1A&!OO!A.&(5$31,&'V!Q*+3*!-#&!#&'A$.'+0;&!%$#!'(#%-3,-.,!'1.,*&'+'!-.4!

'&3#&,+$.V!,*-,!;&-4'!,$!-!;$Q&#!;(.8!3$5A;+-.3&!`pm:r\a>!D&7&#'-;!$%!,#-3*&-;!$33;('+$.!A#+$#!

,$!4&;+7&#1!-;;$Q'!;(.8!3&;;(;-#!5-P&!(A!#&3$7&#1!`r]V!rla>!F*-,6'!,*&!#&-'$.!Q*1!,*&!^!A;(8:

(.A;(8!'&B(&.3&!_!*-'!0&&.!A#$A$'&4!-.4!.$Q!0&3-5&!-!',-.4-#4!`r]V!rjV!rpa>!2$#&$7&#V!

,*&#&!-#&!-44+,+$.-;!'&3$.4-#1!-47-.,-8&'!$%!,2'75"!*!#&5$7-;!'(3*!-'!,*&!A$,&.,+-;!%$#!7-8+.-;!

4&;+7&#1!-.4!-0$7&!-;;V!,*&!&-'+&#!.&$.-,-;!5-.-8&5&.,>!

!

F*&!#&',$#-,+$.!$%!-+#Q-1!A$,&.31!+'!+4&-;;1!-33$5A;+'*&4!A#+$#!,$!0+#,*!-,!lj!Q&&P'!$%!

8&',-,+$.V!01!&+,*&#!-.$,*&#! %&,-;!&.4$'3$A+3!A#$3&4(#&!$#V! ;&''! %#&B(&.,;1V!01!(;,#-'$(.4:

8(+4&4!A(.3,(#&!`[Zd"a! `]mV!jsV!p\a>!F*&!%&,$'3$A1!3$.'+','! +.!-! %&,-;! ,#-3*&$'3$A1!4(#+.8!

Q*+3*!,*&!0-;;$$.!+'!A(.3,(#&4!01!-!'*-#A!',1;&,>!K!8#-'A&#!%$#3&A'!*$;4'!,*&!,-+;!$%!,*&!0-;;$$.!

-.4!-;;$Q'! +,'!Q+,*4#-Q-;>!F*&!0-;;$$.!3-.!-;'$!0&!A(.3,(#&4!Q+,*!-!]k:d!.&&4;&! +.'&#,&4!

,*#$(8*! ,*&! 5-,&#.-;! -04$5&.! (.4&#! (;,#-'$(.4! 8(+4-.3&>! F*&! 0-;;$$.! +'! ,*&.!

'A$.,-.&$(';1!Q-'*&4!$(,!01!,*&!%;(+4!3$5+.8!$(,!%#$5!,*&!;(.8'>!

!

K.$,*&#!'3&.-#+$!+'!,*-,!,*&!A-,+&.,!A#&'&.,'!&-#;+&#!,*-.!A;-..&4V!Q+,*!,*#&-,&.+.8!

4&;+7&#1V!Q+,*!$#!Q+,*$(,!#(A,(#&4!5&50#-.&'>!g*&.&7&#!3;+.+3-;;1!A$''+0;&!-.4!'-%&V!+.!(,&#$!

#&5$7-;! $%! ,*&! 0-;;$$.! 5-1! 0&! -,,&5A,&4>! O%! .$,V! ,*&! 0-;;$$.! 3-.! 0&! &=,#-3,&4! 01!

,#-3*&$'3$A1!Q*+;&!,*&!0-01!+'!',+;;!$.!,*&!(50+;+3-;!3$#4!4(#+.8!3$.7&.,+$.-;!3&'-#&-.!'&3,+$.!

(.4&#! ;$3$:#&8+$.-;! -.&',*&'+-! `jsa>! F$! &.'(#&! -AA#$A#+-,&! -.4! ;$.8:;-',+.8! A;-3&.,-;!

3+#3(;-,+$.V! ,*&! ;-,,&#! 3-.! -;'$! 0&! 4$.&! (.4&#! 4&&A! +.*-;-,+$.-;! -.&',*&'+-! -.4! '&7&#-;!

-44+,+$.-;!5&-'(#&'!,*-,!-;;$Q!-!%$#5-;!&=!(,&#$!+.,#-A-#,(5!,#&-,5&.,!`JyOFa!A#$3&4(#&!`rrV!

rna>! F*&! Q$#',! '+,(-,+$.! +'! ,*&! A$',.-,-;! #&5$7-;! +55&4+-,&;1! -%,&#! 4&;+7&#1! $.! ,*&!

#&'('3+,-,+$.!,-0;&!01!&+,*&#!,#-3*&$'3$A1!$#!A(.3,(#&!,*#$(8*!,*&!.&3P!$%!,*&!.&$.-,&!`jsa>!

!



 21 

!

4,67!"'T9'D";*F$)'*('5&"'<$))**2'*2'-)$%"25$)'%,!%7)$5,*2'MUV'C"7F"2O'

'

O.!,*&!;-#8&!*+',$#+3-;!'&#+&'!A(0;+'*&4!01!-.!J(#$A&-.!8#$(AV!-+#Q-1!#&&',-0;+'*5&.,!

%$;;$Q+.8!]\k!3$.'&3(,+7&'!3-'&'!$%!RJFE!Q-'!A&#%$#5&4!-'!%$;;$Q&4t!rso!,2'75"!*!`pko!01!

%&,$'3$A1V!\so!01![Zd"aV!]lo!-#$(.4!,*&!,+5&!$%!4&;+7&#1!`no!$.!A;-3&.,-;!3+#3(;-,+$.V!\ko!

01!A$',.-,-;! ,#-3*&$'3$A1V!ro!01!A$',.-,-;!A(.3,(#&a!-.4!mo!.$!.&&4! %$#! #&5$7-;! `%-+;&4!

+.'&#,+$.!$%!,*&!0-;;$$.V!%&,-;!4&-,*V!,&#5+.-,+$.!$%!A#&8.-.31V!'A$.,-.&$('!4&%;-,+$.!$%!,*&!

0-;;$$.a!`jsV!p\a>!O.!pro!$%!,*&!3-'&'V!#&5$7-;!$%!,*&!0-;;$$.!Q-'!-.!&5&#8&.31!A#$3&4(#&!

&+,*&#! A#&.-,-;;1! $#! A$',.-,-;;1! 0&3-('&! $%! 'A$.,-.&$('! A#&,&#5! #(A,(#&! $%! 5&50#-.&'V!

4&7&;$A5&.,!$%!A$;1*14#-5.+$'!$#!'A$.,-.&$('!A#&,&#5!;-0$#!-.4!4&;+7&#1>!

!

F*&!&=A&#+&.3&!Q+,*!0-;;$$.!#&5$7-;!$%!l!3&.,&#'!*-'!0&&.!#&3&.,;1!A(0;+'*&4!`rma>!K!

,$,-;!$%!lk]!+.!*$('&!0-;;$$.!#&5$7-;!A#$3&4(#&'!Q&#&!A&#%$#5&4!+.!]s]!%&,('&'V!+.3;(4+.8!

\k! A-,+&.,'! Q*&#&! ,Q$! -,,&5A,'! Q&#&! .&&4&4! `-;;! 0-;;$$.'! Q&#&! &7&.,(-;;1! '(33&''%(;;1!

#&5$7&4a>! F&3*.+B(&'! %$#! #&5$7-;! -33$#4+.8! ,$! ,*&! '&,,+.8! `&;&3,+7&! $#! &5&#8&.31a! -#&!

#&A$#,&4!+.!,-0;&!l>!K+#Q-1!#&&',-0;+'*5&.,!Q-'!A&#%$#5&4!-'!%$;;$Q&4t!mn>jo!,2'75"!*!̀ rr>ro!

01! %&,$'3$A1V! ]k>mo! 01! [Zd"aV! \]>lo! -#$(.4! ,*&! ,+5&! $%! 4&;+7&#1! `\\>lo! $.! A;-3&.,-;!

3+#3(;-,+$.V!\>lo!A$',.-,-;;1a>!O.!]m>\o!$%!,*&!3-'&'V!#&5$7-;!$%!,*&!0-;;$$.!Q-'!A&#%$#5&4!+.!

-.!&5&#8&.31!'&,,+.8>!

'

'



 22 

'

.$<)"'B9'."%&2,W7"#'(*!'!";*F$)'$%%*!1,26'5*'5&"'#"55,26'M")"%5,F"'*!'";"!6"2%=O!`rma!

!

O.!.+.&!3-'&'!,*&!0-;;$$.'!Q&#&!#&5$7&4!$(,'+4&!,*&!RJFE!3&.,&#t!$.&!&;&3,+7&;1!01!

[Zd"V!-.4!&+8*,!&5&#8&.31!A&#+.-,-;! -,,&5A,'>! R$(#!$%! ,*&'&!Q&#&! #&5$7-;'!$.!A;-3&.,-;!

3+#3(;-,+$.!-.4!-;;!Q&#&!'(33&''%(;>!O.!%$(#!3-'&'V!,*&#&!Q-'!5&.,+$.!$%!A#+5-#1!#&5$7-;!+.!,*&!

A$',.-,-;!A&#+$4!$.;1>!F*#&&!$%!,*&5!%-+;&4V!Q+,*!,*&!3$.'&B(&.,!4&-,*!$%!,*&!.&Q0$#.!Q+,*!

,*&!0-;;$$.!',+;;!+.!'+,(>!!

!

 

<.<.;.! =,,N%,&bS+Z&#"$$''*&R%]'O"$&&

!

! R+#',V! 0-;;$$.! #&5$7-;! 3-.! 0&! -! 4+%%+3(;,! A#$3&4(#&>! K5$.8! ,*&! ]k\! %&,$'3$A+3!

A#$3&4(#&'!%#$5!,*&!',(41!$%!M+5&.&@!"5'$)>V!]r!-,,&5A,'!Q&#&!3-,&8$#+@&4!-'!4+%%+3(;,!`\]>soa!

`rma>!F*&!#&-'$.'!Q*1!#&5$7-;!Q-'!3;-''+%+&4!-'!4+%%+3(;,!-#&!4+'A;-1&4!+.!,-0;&!j>!g*&.!,*&!

0-;;$$.!3$(;4!.$,!0&!4+';$48&4V!$A&#-,$#'!+.,(+,+7&;1!#&'$#,&4!,$!A(.3,(#&V!-,!,*-,!,+5&!('+.8!

-! ;-'&#! %+0&#>! L-'&4! $.! ,*-,! $0'&#7-,+$.! -.! -4C(',-0;&! ',1;&,! `X-#;! Z,$#@V! \\pkr"a! Q-'!

4&7&;$A&4!-.4!+.,#$4(3&4!+.!]kkm>!L&1$.4!,*-,!A$+.,V!%&,$'3$A+3!#&,#+&7-;!,+5&!'+8.+%+3-.,;1!

4#$AA&4V!'$!-'!,*&!.(50&#!$%!-,,&5A,'!3-,&8$#+@&4!-'!4+%%+3(;,!̀ %#$5!]r>mo!,$!p>joz!4+%%&#&.3&!

]\>joz!spo!O)t!k>]!,$!k>rz!"vk>kpa>!/(&!,$!,*&!;+5+,&4!.(50&#!$%!3-'&'!$%![Zd"V!,*&#&!Q-'!.$!

-47-.3&4!-.-;1'+'!$%!4+%%+3(;,+&'>!



 23 

!

.$<)"'E9'0$5"6*!,X$5,*2'*('1,((,%7)5,"#'!"-*!5"1'17!,26'("5*#%*-,%'<$))**2'!";*F$)'MQNO 

! !

Z&3$.4V!0-;;$$.!#&5$7-;!A#$3&4(#&!3-.!%-+;!+.!'$5&!3-'&'!-.4!,*&.!#&B(+#&!-!'&3$.4!

-,,&5A,>!O.!,*&!'&#+&'!%#$5!l!&=A&#+&.3&4!3&.,&#'V!,Q$!-,,&5A,'!Q&#&!.&&4&4!+.!\k!3-'&'!$(,!

$%! ]s]! A#$3&4(#&'! `rma>! 2$#&$7&#V! &7&.! ,*$(8*! %&,-;! -+#Q-1! #&&',-0;+'*5&.,! '*$(;4! 0&!

A&#%$#5&4!+4&-;;1!,2'75"!*V!0-;;$$.!#&5$7-;!5-1!.$,!0&!%&-'+0;&!01!%&,$'3$A1!.$#![Zd"!-.4!

,*&.!#&B(+#&!-!#&5$7-;!$.!A;-3&.,-;!3+#3(;-,+$.!$#!&7&.!A$',.-,-;;1! +.!\]>r!,$!]j>no!$%!,*&!

3-'&'!`p\V!rma>!J'A&3+-;;1!+.!-.!&5&#8&.31!'&,,+.8V!A#&.-,-;!#&5$7-;!+'!.$,!%&-'+0;&!+.!j\>l!,$!

jl>po!`p\V!rma>!

!

F*+#4V!0-;;$$.! #&5$7-;! +'!A&#%$#5&4! +.!-.!&5&#8&.31! '&,,+.8! +.!]m>\! ,$!pro!$%! ,*&!

3-'&'! `p\V! rma>! K33$#4+.8! ,$! ,*&! ',(41! %#$5! M+5&.&@! "5' $)>V! &5&#8&.31! #&5$7-;! +'! .$,!

'+8.+%+3-.,;1! -''$3+-,&4! Q+,*! -! *+8*&#! #+'P! $%! 4+%%+3(;,! A#$3&4(#&! `rma>! G$Q&7&#V! -+#Q-1!

#&&',-0;+'*5&.,!5(',!0&!A&#%$#5&4!01!-!Q&;;:,#-+.&4!,&-5!Q+,*!-AA#$A#+-,&!+.',#(5&.,-,+$.!

-.4!&=A&#,+'&V!'+.3&!-!%-+;(#&!5-1!;&-4!,$!,*&!4&-,*!$%!,*&!.&Q0$#.V!-'!+.!l!3-'&'!$(,!$%!,*&!s!

#&5$7-;!$(,'+4&!,*&!RJFE!3&.,&#!`rma>!O.!,*&!'&#+&'!$%!]\k!RJFE!%#$5!M-.+!"5'$)>V!\k!3-'&'!$%!

.&$.-,-;!4&-,*! `poa!Q&#&!#&;-,&4!,$!4+%%+3(;,+&'! +.! #&5$7-;!$%! ,*&!0-;;$$.! `p\a>!F*-,6'!Q*1!

-(,*$#'!',-,&4!,*-,!A-#&.,'!'*$(;4!0&!-47+'&4!,$!',-1!.&-#!$#!&7&.!+.!*$'A+,-;'!Q+,*!&=A&#,+'&!

+.!0-;;$$.!#&5$7-;!%$#!,*&!Q*$;&!4(#-,+$.!$%!%&,-;!,#-3*&-;!$33;('+$.V!'+.3&!A#&5-,(#&!#(A,(#&!

$%! 5&50#-.&'! $#! 'A$.,-.&$('! A#&5-,(#&! ;-0$#! 3-.! -3,(-;;1! '&,! $%%! -,! -.1! ,+5&>!

[.%$#,(.-,&;1V! '(3*! -! A$;+31! Q$(;4! 0&! (.-33&A,-0;&! ,$! 5$',! A-,+&.,'! -.4! +,! #&B(+#&'!

A&#5-.&.,!-7-+;-0+;+,1!$%!'&7&#-;!%&,-;!5&4+3+.&!$#!.&$.-,-;!'A&3+-;+','>!

!



 24 

R$(#,*V!+,! +'!7&#1!4+%%+3(;,!,$!-''&''!,*&!&%%&3,!$%!+.!(,&#$!0-;;$$.!#&5$7-;!0(,!+,!5-1!

A#&3+A+,-,&!A#&,&#5!4&;+7&#1V!Q*+3*!$33(#&4!Q+,*+.!n!4-1'!$%!,*&!A#$3&4(#&!`,P"P!5$',!;+P&;1!

0&%$#&!lp!Q&&P'!$%!8&',-,+$.a!+.!-0$(,!]po!$%!3-'&'!+.!,*&!',(41!%#$5!M-.+!"5'$)P!`p\a>!F*+'!+'!

$%! +.,&#&',! '+.3&! -! ',(41! '(88&',&4! ,*-,! .&$.-,-;! '(#7+7-;! #-,&'! -%,&#! RJFE!Q&#&! ;$Q&#! +.!

+.%-.,'!0$#.!A#&5-,(#&;1!`jlo!7&#'('!nkoaV!A-#,+3(;-#;1!'$!+.!,*$'&!0$#.!A#+$#!,$!lp!Q&&P'!$%!

8&',-,+$.! 3$5A-#&4! ,$! ,*$'&! 0$#.! -,! lp!Q&&P'! $%! 8&',-,+$.! $#! 8#&-,&#! `\mo! 7&#'('! m]oV!

Avk>kk\a!`rsa>!O.!,*&!',(41!%#$5!M+5&.&@!"5'$)>V!]lo!$%!A-,+&.,'!Q&.,!+.,$!;-0$#!$#!#(A,(#&4!

,*&+#!5&50#-.&'!Q+,*+.!$.&!Q&&P! `rma>!F$!0&!.$,&4!*$Q&7&#! ,*-,! +.! ,*+'!'&#+&'! ,*&!5&-.!

8&',-,+$.-;!-8&!-,!0+#,*!%$;;$Q+.8!&;&3,+7&!#&5$7-;'!Q-'!lr>r!Q&&P'V!,*-,! +'!$.&!Q&&P!;-,&#!

,*-.!Q*-,!Q-'!#&A$#,&4! +.!RJFE!A-,+&.,'!&=A&3,-.,;1!5-.-8&4!('+.8!-!',#-,&81!$%!0-;;$$.!

#&5$7-;!01!JyOF!`ppa>!!

!

R+.-;;1V!,*&#&!-#&!'&7&#-;!+''(&'!#&8-#4+.8!,*&!0-;;$$.!#&5$7-;V!Q*+3*!-#&!'(55-#+@&4!

+.!,-0;&!p>!!

!

D&5$7-;!$%!,*&!0-;;$$.!+'!-!4+%%+3(;,!A#$3&4(#&!Q*+3*!.&&4'!&=A&#,+'&!

"#&.-,-;!0-;;$$.!#&5$7-;!A#$3&4(#&!3-.!%-+;!+.!l>jo!&7&.!+.!&=A&#+&.3&4!3&.,&#'!

L-;;$$.!#&5$7-;!+'!.$,!&7&.!%&-'+0;&!,2'75"!*!+.!\]>r!,$!]j>no!$%!,*&!3-'&'!

L-;;$$.!#&5$7-;!+'!A&#%$#5&4!+.!-.!&5&#8&.31!'&,,+.8!+.!]m>\!,$!pro!$%!,*&!3-'&'!

"-,+&.,'!5(',!',-1!3;$'&!,$!-!RJFE!3&.,&#!%$#!,*&!Q*$;&!4(#-,+$.!$%!,*&!$33;('+$.!

/+%%+3(;,!#&5$7-;!$%!,*&!0-;;$$.!3-.!;&-4!,$!.&$.-,-;!4&-,*!+.!.$.&!Q&;;:,#-+.&4!3&.,&#'!

"#&.-,-;!#&5$7-;!$%!,*&!0-;;$$.!5-1!+.4(3&!4&;+7&#1!Q+,*+.!\!Q&&P!+.!]po!$%!3-'&'!

!

.$<)"'G9'?##7"#'+,5&'<$))**2'!";*F$)'

!

 

 &



 25 

<.@.!3#V%)+SO%,&

!

!

]>l>\>! /&7&;$A5&.,!$%!-!.&Q!4&7+3&!%$#!RJFE!

!

E(#!A#+5-#1!$0C&3,+7&!Q-'!,$!4&7&;$A!-!.&Q!4&7+3&!%$#!RJFE!+.!$#4&#!,$!$7&#3$5&!,*&!

+''(&'!#&;-,&4!,$!,*&!(.A;(8!A#$3&4(#&>!F*&!4&7&;$A5&.,!$%!,*+'!.&Q!4&7+3&!+'!A#&'&.,&4!+.!

,*&!3*-A,&#!j!u/&7&;$A5&.,!$%!-!.&Q!0-;;$$.!%$#!RJFE6>!!

!

]>l>]>! Y$.:*(5-.!A#+5-,&!5$4&;!%$#!RJFE!

!

E(#! '&3$.4-#1! $0C&3,+7&! Q-'! ,$! '&,:(A! -! .$.:*(5-.! A#+5-,&! 5$4&;! %$#! ,#-3*&-;!

$33;('+$.!,*-,!3$(;4!0&!('&4!,$!,&',!,*&!.&Q!4&7+3&>!F*+'!A-#,! +'! #&A$#,&4! +.!,*&!3*-A,&#!j!

uY$.:*(5-.!A#+5-,&!5$4&;!%$#!RJFE6>!

!

]>l>l>! "#&4+3,+$.!$%!.&$.-,-;!$(,3$5&'!+.!3-'&!$%!)/G!

!

O5A#$7+.8!A#&.-,-;!5-.-8&5&.,!$%!)/G!+.3;(4&'!,*&!+4&.,+%+3-,+$.!$%!,*&!-AA#$A#+-,&!

3-.4+4-,&'! %$#! RJFE>! F*-,6'! Q*1! Q&! -+5&4! ,$! &7-;(-,&! 4+%%&#&.,! A#$8.$',+3! %-3,$#'! -.4!

A-#-5&,&#'!#&;-,&4!,$!4&7&;$A+.8!;(.8'V!;+7&#!*&#.+-,+$.V!-.4!A(;5$.-#1!7-'3(;-,(#&>!F*&'&!

',(4+&'!-#&!A#&'&.,&4!+.!,*&!3*-A,&#!r!u"#&4+3,+$.!$%!.&$.-,-;!$(,3$5&'!+.!3-'&!$%!)/G6>!

!

]>l>j>! "#$A&#,+&'!#&B(+#&4!%$#!,*&!A$',.-,-;!A#$',*&'&'!

!

K%,&#!0+#,*V!-;+7&!.&Q0$#.'!Q+,*!)/G!#&B(+#&!-!'(#8+3-;!,#&-,5&.,!,*-,!5-1!+.3;(4&!-!

4+-A*#-85-,+3!#&A;-3&5&.,>!g&!-+5&4!,$!4&,&#5+.&!,*&!.$#5-;!4+-A*#-85-,+3!8#$Q,*!%#$5!

&-#;1!3*+;4*$$4!,$!-4$;&'3&.3&!+.!$#4&#!,$!4&'+8.!-!A#$',*&'+'!Q+,*!-AA#$A#+-,&!'*-A&V!'+@&V!

-.4!5&3*-.+3-;!A#$A&#,+&'>! !F*+'!Q$#P! +'!#&A$#,&4!+.!3*-A,&#!n!u"#$A&#,+&'!#&B(+#&4!%$#!,*&!

A$',.-,-;!A#$',*&'&'6!

 

 &



 26 

<.E.!>%(%R%*)%,&

 

\>! U-00&!KV!)$',&!XV!/&3*&;$,,&!"M>!{)$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!:!5&3*-.+'5'!$%!
A(;5$.-#1!*1A$A;-'+-|>!D&7!2-;!D&'A+#>!]k\\z]m`jatjrl:nj>!

]>! K3P&#5-.!XdV!d#&&#!MM>!/&7&;$A5&.,!$%!,*&!4+-A*#-85!-.4!8&.&,+3!5$('&!5$4&;'!$%!
4+-A*#-85-,+3!4&%&3,'>!K5!M!2&4!d&.&,!)!Z&5+.!2&4!d&.&,>!]kknz\jp)`]at\ks:\r>!

l>! L-0+(P!D"V!}*-.8!gV!);(8',$.!DV!K;;-.!/gV!d#&&#!MM>!J50#1$;$8+3-;!$#+8+.'!-.4!
4&7&;$A5&.,!$%!,*&!#-,!4+-A*#-85>!M!)$5A!Y&(#$;>!]kklzjpp`jatjnn:mn>!

j>! O#+'*!2ZV!G$;5!LKV!d;+3P!"U>!)$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!K!*+',$#+3-;!#&7+&Q>!);+.!
"&#+.-,$;>!\ssrz]l`jatr]p:pl>!

p>! /#14&.!D>!R$#5-,+$.!$%!#&'A+#-,$#1!'1',&5!
http://www.bionalogy.com/respiratory_system.htm>!

r>! L(,;&#!YV!);-+#&-(=!KJ>!)$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!-'!-!3-('&!$%!A&#+.-,-;!
5$#,-;+,1>!U-.3&,>!\sr]z\`n]l\atrps:rl>!

n>! G-##+'$.!2DV!LC$#4-;!DOV!U-.85-#P!RV!X.(,#(4!E>!)$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!
,*&!*+44&.!5$#,-;+,1>!M!"&4+-,#!Z(#8>!\snmz\l`lat]]n:lk>!

m>! F*&!J[:]n!A$A(;-,+$.!3$.,+.(&'!,$!8#$Q>!{O.,&#.&,|>!J(#$',-,!]kks>!]k\k>!

s>! U-.8*-5!2DV!M#>V!X-1'!/gV!U&40&,,&#!/MV!R#&.,@&.!LV!Z-.%$#4!UUV!D+3*-#4'!/Z>!
)$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!JA+4&5+$;$81!-.4!$(,3$5&>!);+.!"&#+.-,$;>!\ssrz]l`jatrn\:
mm>!

\k>! d-#.&!JV!G-&(';&#!2V!L-#+'+3!OV!dC&#8C-!DV!Z,$;;!)V!);&5&.,+!2>!)$.8&.+,-;!
4+-A*#-85-,+3!*&#.+-t!&7-;(-,+$.!$%!A#&.-,-;!4+-8.$'+'!+.!]k!J(#$A&-.!#&8+$.'>![;,#-'$(.4!
E0',&,!d1.&3$;>!]kk]z\s`jatl]s:ll>!

\\>! Z;-7$,+.&P!K2>!F*&!8&.&,+3'!$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!Z&5+.!"&#+.-,$;>!
]kkpz]s`]atnn:mp>!

\]>! Z,$;;!)V!K;&50+P!fV!/$,,!LV!D$,*!2">!K''$3+-,&4!5-;%$#5-,+$.'!+.!3-'&'!Q+,*!
3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!d&.&,!)$(.'>!]kkmz\s`latll\:s>!

\l>! X&+C@&#!DV!U+(!MV!/&+5;+.8!MV!F+00$&;!/V!"$',!2>!/(-;:*+,!*1A$,*&'+'!&=A;-+.'!A(;5$.-#1!
*1A$A;-'+-!+.!,*&!.+,#$%&.!5$4&;!$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!K5!M!"-,*$;>!
]kkkz\pr`jat\]ss:lkr>!

\j>! R&-,*&#',$.&!Y)V!)$..&;;!2dV!R&#.+8!/dV!g#-1!ZV!L(#418-!F?V!U$',1!"/V!&,!-;>!K+#Q-1!
'5$$,*!5('3;&!41'%(.3,+$.!A#&3&4&'!,&#-,$8&.+3!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!-.4!5-1!
3$.,#+0(,&!,$!*1A$A;-',+3!;(.8!5$#A*$8&.&'+'>!K5!M!D&'A+#!)&;;!2$;!L+$;>!]kkrzlp`patpn\:m>!

\p>! M&'(4-'$.!J)V!Z5+,*!Y"V!)$..&;;!2dV!ZA+;;&#!/dV!g*+,&!2DV!R&#.+8!/dV!&,!-;>!
"&#+',-;'+'!$%!-+#Q-1!'5$$,*!5('3;&!+'!4&7&;$A5&.,-;;1!#&8(;-,&4!-.4!(.3$(A;&4!%#$5!
*1A$A;-',+3!;(.8!8#$Q,*>!K5!M!"*1'+$;!U(.8!)&;;!2$;!"*1'+$;>!]kkrz]s\`jatUpps:rp>!

\r>! M&'(4-'$.!J)>!Z5-;;!;(.8'!-.4!'('A&3,!'5$$,*!5('3;&t!3$.8&.+,-;!4+-A*#-85-,+3!
*&#.+-!-.4!,*&!'5$$,*!5('3;&!*1A$,*&'+'>!M!"&4+-,#!Z(#8>!]kkrzj\`]atjl\:p>!
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\n>! K#&&3*$.!gV!J+4!U>!G1A$A;-'+-!$%!;(.8!Q+,*!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!L#!2&4!
M>!\srlz\`pl]pat]lk:l>!

\m>! Y-P-5(#-!fV!f-5-5$,$!OV!R(P(4-!ZV!G-'*+5$,$!F>!"(;5$.-#1!-3+.-#!4&7&;$A5&.,!+.!
4+-A*#-85-,+3!*&#.+->!K#3*!"-,*$;!U-0!2&4>!\ss\z\\p`jatln]:r>!

\s>! d-;;$,!/V!L$4-!)V![8*&,,$!ZV!"&#,*('!OV!D$0&#,:d.-.'+-!JV!R#-.3-..&,!)V!&,!-;>!"#&.-,-;!
4&,&3,+$.!-.4!$(,3$5&!$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!-!R#&.3*!#&8+',#1:0-'&4!',(41>!
[;,#-'$(.4!E0',&,!d1.&3$;>!]kknz]s`lat]nr:ml>!

]k>! Z,&8&!dV!R&.,$.!KV!M-%%#-1!L>!Y+*+;+'5!+.!,*&!\ssk't!,*&!,#(&!5$#,-;+,1!$%!3$.8&.+,-;!
4+-A*#-85-,+3!*&#.+->!"&4+-,#+3'>!]kklz\\]`l!",!\atpl]:p>!

]\>! [.+7&#'+,1!$%!)-;+%$#.+-!ZR:FD$,[$)>!)$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!O.t!
https://fetus.ucsfmedicalcenter.org/sites/fetus.ucsfmedicalcenter.org/files/wysiwyg/cdh.jpgV!
&4+,$#>!https://fetus.ucsfmedicalcenter.org/cdh2013!!

]]>! 2&,P('!K"V!R+;;1!DKV!Z,#+.8&#!2/V!G-##+'$.!2DV!K4@+3P!YZ>!Z$.$8#-A*+3!A#&4+3,$#'!$%!
'(#7+7-;!+.!%&,-;!4+-A*#-85-,+3!*&#.+->!M!"&4+-,#!Z(#8>!\ssrzl\`\at\jm:p\z!4+'3(''+$.!p\:]>!

]l>! M-.+!MV!Y+3$;-+4&'!XGV!X&;;&#!DUV!L&.-3*+!KV!"&#-;,-!)RV!R-7#&!DV!&,!-;>!E0'&#7&4!,$!
&=A&3,&4!;(.8!-#&-!,$!*&-4!3+#3(5%&#&.3&!#-,+$!+.!,*&!A#&4+3,+$.!$%!'(#7+7-;!+.!%&,('&'!Q+,*!
+'$;-,&4!4+-A*#-85-,+3!*&#.+->![;,#-'$(.4!E0',&,!d1.&3$;>!]kknzlk`\atrn:n\>!

]j>! M-.+!M)V!L&.-3*+!KV!Y+3$;-+4&'!XGV!K;;&8-&#,!XV!d#-,-3$'!JV!2-@P&#&,*!DV!&,!-;>!"#&.-,-;!
A#&4+3,+$.!$%!.&$.-,-;!5$#0+4+,1!+.!'(#7+7$#'!Q+,*!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!-!
5(;,+3&.,&#!',(41>![;,#-'$(.4!E0',&,!d1.&3$;>!]kkszll`\atrj:s>!

]p>! X.$=!JV!U+''-(&#!/V!X*-.!XV!X+;01!2>!"#&.-,-;!4&,&3,+$.!$%!A(;5$.-#1!*1A$A;-'+-!+.!
%&,('&'!Q+,*!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!-!'1',&5-,+3!#&7+&Q!-.4!5&,-:-.-;1'+'!$%!
4+-8.$',+3!',(4+&'>!M!2-,&#.!R&,-;!Y&$.->!]k\kz]l`natpns:mm>!

]r>! 2-1&#!ZV!X;-#+,'3*!"V!"&,&#'&.!ZV!/$.&!JV!Z-.4-+,&!OV!F+;;!GV!&,!-;>!F*&!3$##&;-,+$.!
0&,Q&&.!;(.8!7$;(5&!-.4!;+7&#!*&#.+-,+$.!5&-'(#&5&.,'!01!%&,-;!2DO!+.!+'$;-,&4!3$.8&.+,-;!
4+-A*#-85-,+3!*&#.+-t!-!'1',&5-,+3!#&7+&Q!-.4!5&,-:-.-;1'+'!$%!$0'&#7-,+$.-;!',(4+&'>!
"#&.-,!/+-8.>!]k\\zl\`\\at\kmr:sr>!

]n>! )-..+&!2V!M-.+!MV!)*-%%+$,,&!)V!?--',!"V!/&#(&;;&!"V!G$(%%;+.:/&0-#8&!?V!&,!-;>!
~(-.,+%+3-,+$.!$%!+.,#-,*$#-3+3!;+7&#!*&#.+-,+$.!01!5-8.&,+3!#&'$.-.3&!+5-8+.8!-.4!
A#&4+3,+$.!$%!A$',.-,-;!'(#7+7-;!+.!%&,('&'!Q+,*!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->![;,#-'$(.4!
E0',&,!d1.&3$;>!]kkmzl]`patr]n:l]>!

]m>! /&A#&',!MV!/&!)$AA+!">!K.,&.-,-;!5-.-8&5&.,!$%!+'$;-,&4!3$.8&.+,-;!4+-A*#-85-,+3!
*&#.+-!,$4-1!-.4!,$5$##$Qt!$.8$+.8!3$;;-0$#-,+7&!#&'&-#3*!-.4!4&7&;$A5&.,>!M$(#.-;!$%!
"&4+-,#+3!Z(#8&#1!U&3,(#&>!M!"&4+-,#!Z(#8>!]k\]zjn`]at]m]:sk>!

]s>! D(-.$!DV!F-P-'*+!JV!4-!Z+;7-!22V!)-5A$'!MKV!F-..(#+![V!}(8-+0!2>!"#&4+3,+$.!-.4!
A#$0-0+;+,1!$%!.&$.-,-;!$(,3$5&!+.!+'$;-,&4!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!('+.8!5(;,+A;&!
(;,#-'$(.4!A-#-5&,&#'>![;,#-'$(.4!E0',&,!d1.&3$;>!]k\]zls`\atj]:s>!

lk>! ZP-#+!GV!LC$#.;-.4!XV!G-(8&.!dV!J8&;-.4!FV!J50;&5!D>!)$.8&.+,-;!4+-A*#-85-,+3!
*&#.+-t!-!5&,-:-.-;1'+'!$%!5$#,-;+,1!%-3,$#'>!M!"&4+-,#!Z(#8>!]kkkzlp`mat\\mn:sn>!
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l\>! Y-8-,-!XV!['(+!YV!X-.-5$#+!fV!F-P-*-'*+!ZV!G-1-P-Q-!2V!EP(1-5-!GV!&,!-;>!F*&!
3(##&.,!A#$%+;&!-.4!$(,3$5&!$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!-!.-,+$.Q+4&!'(#7&1!+.!
M-A-.>!M!"&4+-,#!Z(#8>!]k\lzjm`jatnlm:jj>!

l]>! /&X$.+.3P!"V!F$&;&.!MV!}+-!ZV!K;0&#'&.!2V!U$#+&'!DV!)$AA+!"/V!&,!-;>!D$(,+.&!+'$;-,+$.!
-.4!&=A-.'+$.!;-,&!5+4!,#+5&',&#!-5.+$,+3!%;(+4!4&#+7&4!5&'&.3*15-;!',&5!3&;;'!+.!-!3$*$#,!
$%!%&,('&'!Q+,*!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!J(#$A&-.!C$(#.-;!$%!$0',&,#+3'V!81.&3$;$81V!
-.4!#&A#$4(3,+7&!0+$;$81>!]k\jz\nmt\pn:r]>!

ll>! L#1.&#!LZV!X+5!K)V!X*$(#+!MZV!/#$.8$Q'P+!DKV!L#(3*!ZgV!G+#'3*;!DLV!&,!-;>!D+8*,:'+4&4!
3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-t!*+8*!(,+;+@-,+$.!$%!&=,#-3$#A$#&-;!5&50#-.&!$=18&.-,+$.!
-.4!*+8*!'(#7+7-;>!M!"&4+-,#!Z(#8>!]kkszjj`patmml:n>!

lj>! U&(7&.![>!http://www.totaltrial.eu/>!

lp>! G-##+'$.!2DV!K4@+3P!YZV!U$.8-P&#!2FV!d$;40&#8!M/V!D$'&.!2KV!R+;;1!DKV!&,!-;>!
Z(33&''%(;!#&A-+#!+.!(,&#$!$%!-!%&,-;!4+-A*#-85-,+3!*&#.+-!-%,&#!#&5$7-;!$%!*&#.+-,&4!7+'3&#-!
%#$5!,*&!;&%,!,*$#-=>!Y!J.8;!M!2&4>!\sskzl]]`]]at\pm]:j>!

lr>! G-##+'$.!2DV!K4@+3P!YZV!L(;;-#4!X2V!R-##&;;!MKV!G$Q&;;!UMV!D$'&.!2KV!&,!-;>!)$##&3,+$.!
$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!+.!(,&#$!?OOt!-!A#$'A&3,+7&!,#+-;>!M!"&4+-,#!Z(#8>!
\ssnzl]`\\at\rln:j]>!

ln>! G-##+'$.!2DV!K4@+3P!YZV!R;-P&!KgV!M&..+.8'!DgV!J',&'!M2V!2-3d+;;+7#-1!FJV!&,!-;>!
)$##&3,+$.!$%!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!+.!(,&#$t!?O>!G-#4:&-#.&4!;&''$.'>!M!"&4+-,#!
Z(#8>!\sslz]m`\kat\j\\:nz!4+'3(''+$.!n:m>!

lm>! X*-.!"KV!);$(,+&#!2V!"+&40$&(%!L>!F#-3*&-;!$33;('+$.t!-!#&7+&Q!$%!$0',#(3,+.8!%&,-;!
;(.8'!,$!5-P&!,*&5!8#$Q!-.4!5-,(#&>!K5!M!2&4!d&.&,!)!Z&5+.!2&4!d&.&,>!
]kknz\jp)`]at\]p:lm>!

ls>! U(P'!ROV!g+;4!fXV!"+-'&3P+!dMV!/&!"-&A&!2J>!Z*$#,:,&#5!,#-3*&-;!$33;('+$.!3$##&3,'!
A(;5$.-#1!7-'3(;-#!-.$5-;+&'!+.!,*&!%&,-;!;-50!Q+,*!4+-A*#-85-,+3!*&#.+->!Z(#8&#1>!
]kkkz\]m`]at]rr:n]>!

jk>! X+,-.$!fV!?$.!K;;5&.!/V!X-.-+!2V!~(+..!F2V!/-7+&'!"V!X+,-.$!fV!&,!-;>!R&,-;!;(.8!
8#$Q,*!-%,&#!'*$#,:,&#5!,#-3*&-;!$33;('+$.!+'!;+.&-#;1!#&;-,&4!,$!+.,#-,#-3*&-;!A#&''(#&>!M!KAA;!
"*1'+$;!`\smpa>!]kk\zsk`]atjsl:pkk>!

j\>! G-'*+5!JV!U-0&#8&!M2V!)*&.!2RV!~(+;;&.!JgV!M#>!D&7&#'+0;&!,#-3*&-;!$0',#(3,+$.!+.!,*&!
%&,-;!'*&&At!&%%&3,'!$.!,#-3*&-;!%;(+4!A#&''(#&!-.4!;(.8!8#$Q,*>!M!"&4+-,#!Z(#8>!
\sspzlk`mat\\n]:n>!

j]>! K;3$#.!/V!K4-5'$.!F2V!U-50&#,!FRV!2-;$.&1!MJV!D+,3*+&!L)V!D$0+.'$.!"2>!
2$#A*$;$8+3-;!&%%&3,'!$%!3*#$.+3!,#-3*&-;!;+8-,+$.!-.4!4#-+.-8&!+.!,*&!%&,-;!;-50!;(.8>!
M$(#.-;!$%!-.-,$51>!\snnz\]l`",!latrjs:rk>!

jl>! /+R+$#&!MgV!R-(@-!/EV!Z;-7+.!DV!"&,&#'!)KV!R-3P;&#!M)V!g+;'$.!M2>!J=A&#+5&.,-;!%&,-;!
,#-3*&-;!;+8-,+$.!#&7&#'&'!,*&!',#(3,(#-;!-.4!A*1'+$;$8+3-;!&%%&3,'!$%!A(;5$.-#1!*1A$A;-'+-!+.!
3$.8&.+,-;!4+-A*#-85-,+3!*&#.+->!M!"&4+-,#!Z(#8>!\ssjz]s`]at]jm:prz!4+'3(''+$.!pr:n>!
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jj>! G&4#+3P!2GV!J',&'!M2V!Z(;;+7-.!X2V!L&-;&#!MRV!X+,,&#5-.!MKV!R;-P&!KgV!&,!-;>!";(8!,*&!
;(.8!(.,+;!+,!8#$Q'!`"U[dat!-!.&Q!5&,*$4!,$!,#&-,!3$.8&.+,-;!4+-A*#-85-,+3!*&#.+-!+.!(,&#$>!M!
"&4+-,#!Z(#8>!\ssjz]s`patr\]:n>!

jp>! g+;'$.!M2V!/+R+$#&!MgV!"&,&#'!)K>!J=A&#+5&.,-;!%&,-;!,#-3*&-;!;+8-,+$.!A#&7&.,'!,*&!
A(;5$.-#1!*1A$A;-'+-!-''$3+-,&4!Q+,*!%&,-;!.&A*#&3,$51t!A$''+0;&!-AA;+3-,+$.!%$#!3$.8&.+,-;!
4+-A*#-85-,+3!*&#.+->!M!"&4+-,#!Z(#8>!\sslz]m`\\at\jll:sz!4+'3(''+$.!s:jk>!

jr>! L&.-3*+!KV!/$55&#8(&'!2V!/&;&@$+4&!KUV!L$(#0$.!MV!/(5&@!fV!L#(..&;;&!R>!F#-3*&-;!
$0',#(3,+$.!+.!&=A&#+5&.,-;!4+-A*#-85-,+3!*&#.+-t!-.!&.4$'3$A+3!-AA#$-3*!+.!,*&!%&,-;!;-50>!
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G$'A+,-;! ,$!&7-;(-,&! ,*&!4&5-8.&,+@-,+$.! +.4(3&4!01! ,*&! %#+.8&! %+&;4'!$%! -.!2DO!5-3*+.&>!

[.%$#,(.-,&;1V! Q&! %$(.4! ,*-,! 4&5-8.&,+@-,+$.! Q-'! (.'$(.4! 0&3-('&! $%! ,*&! *1',&#&'+'!

A*&.$5&.$.>! O.! %-3,V! 5-8.&,! 5-1! *-7&! 5$#&! ,*-.! $.&! A$''+0;&! 5-8.&,+3! 5$5&.,! +.! -!

8+7&.!5-8.&,+3!%+&;4V!4&A&.4+.8!$.!*$Q!,*&!%+&;4!3*-.8&4!+.!,*&!A-',>!!

!

Z,+;;V!Q&!4&3+4&4!,$!8$!$.!Q+,*!,*&!+4&-!$%!-!5-8.&,+3!7-;7&!0&3-('&!Q&!0&;+&7&!,*-,!

,*&!('&!$%!,*&!%#+.8&!%+&;4'!$%!-.!2DO!5-3*+.&!+'!$%!+.,&#&',!'+.3&!2DO!5-3*+.&'!-#&!#&-4+;1!

-7-+;-0;&!+.!5$',!$%!,*&!*$'A+,-;'>!2$#&$7&#V!+,!4$&'!.$,!#&B(+#&!,*&!4&7&;$A5&.,!$%!-!'A&3+%+3!

3$.,#$;;&4!#&5$,&>!!

!

!
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F*&!%#+.8&!%+&;4!+'!,*&!A&#+A*&#-;!5-8.&,+3!%+&;4!$(,'+4&!$%!,*&!5-8.&,!3$#&>!/&A&.4+.8!

$.!,*&!4&'+8.!$%!,*&!5-8.&,!-.4!,*&!#$$5!-!5$4&#-,&;1!;-#8&!%#+.8&!5-1!&=,&.4!%$#!'&7&#-;!

5&,&#'! -#$(.4V! -0$7&V! -.4! 0&;$Q! -.! 2DO! 5-3*+.&>! R+&;4'! A;$,'! -#&! -7-+;-0;&! %#$5! &-3*!

5-8.&,!5-.(%-3,(#&#>! F$! 0&! .$,&4! ,*-,! ,*&! %#+.8&! %+&;4! $A&#-,&'! .&-#! ,*&!2DO! '+.3&! ,*&!

5-3*+.&!+'!$.V!Q+,*!.$!.&&4!%$#!-.!+5-8+.8!-3B(+'+,+$.>!K.!&=-5A;&!$%!%#+.8&!%+&;4!+'!4+'A;-1&4!

+.!%+8(#&!\\>!

!

4,67!"'889'4!,26"'(,")1'*('$2'[D?'H,";"2#'8PG'.'\F$25*]'

!

F*&!%$(#,*!+4&-!Q-'!,$!4&7&;$A!-!5-8.&,+3!7-;7&!Q*$'&!$A&.+.8!Q$(;4!0&!$A&#-,&4!01!

,*&!-,,#-3,+$.!$%!-!5-8.&,V!#-,*&#!,*-.!-!4&5-8.&,+@-,+$.!A#$3&''>!K,!0-'&;+.&V!,*&!0-;;$$.!+'!

+.%;-,&4!-.4!,*&!7-;7&!Q$(;4!0&!3;$'&4!,*-.P'!,$!,*&!5-8.&,+3!-,,#-3,+$.!0&,Q&&.!-!%#&&!$%!

5$7&5&.,!5-8.&,+3!0-;;!+.'+4&!,*&!0-;;$$.!-.4!-!%&##$5-8.&,+3!#+.8!%+=&4!,$!,*&!$(,&#!'(#%-3&!

$%! ,*&!0-;;$$.>! F*&!5-8.&,+3!0-;;!Q$(;4!0&!-,,#-3,&4!$(,!$%! ,*&! #+.8!Q*&.! '(0C&3,&4! ,$!-!

5-8.&,+3!%+&;4!`,P"P!,*&!%#+.8&!%+&;4!$%!-.!2DO!5-3*+.&a!'$!,*&!%;(+4!3-.!0&!#&;&-'&4!,*#$(8*!,*&!

#+.8!-.4!,*&!0-;;$$.!8&,'!4&%;-,&4>!E(,;+.&'!$%!,*+'!0-;;$$.!-.4!+,'!5&3*-.+'5'!-#&!+;;(',#-,&4!

+.!%+8(#&!\]>!!
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!

4,67!"'8>9'Z!,2%,-)"'*('<$))**2'1"()$5,*2'*-"!$5,26'5&!*76&';$62"5,%'$55!$%5,*2'

!

F*&!%+%,*!-.4!;-',!+4&-!Q-'!,$!4&'+8.!-!0-;;$$.!Q+,*!-!'+.8;&!5-8.&,+3!7-;7&!-;;$Q+.8!

0$,*!+.%;-,+$.!-.4!4&%;-,+$.V!-33$#4+.8!,$!,*&!'-5&!$A&#-,+$.!A#+.3+A;&'>!O.!,*+'!Q-1V!,*&!#+'P'!

#&;-,&4! ,$! ,*&! 4&,-3*5&.,! $%! ,*&! #+.8! '$! -'! '&7&#-;! 0+$3$5A-,+0+;+,1! +''(&'! Q$(;4! 0&!

A#&7&.,&4>!R+.-;;1V!+,!Q$(;4!'+5A;+%1!-'!5(3*!-'!A$''+0;&!,*&!4&7+3&V!Q*+3*!Q-'!$.&!$%!$(#!5-+.!

3$.3&#.>!

!

!

@.-.@.! CS*"$&)'*)%Q+&

!

F*&! %+.-;! ,&3*.+3-;! '$;(,+$.! +'! -'! %$;;$Q+.8>! F*&! '+.8;&! 7-;7&! %$#! 0$,*! +.%;-,+$.! -.4!

4&%;-,+$.!+'!3$5A$'&4!01!-.!&=,&#.-;!%&##$5-8.&,+3!5&,-;!31;+.4&#!-.4!-!%#&&!$%!5$7&5&.,!

5-8.&,+3!0-;;! +.'+4&!,*&!0-;;$$.>! O.C&3,+$.!$%!'-;+.&!,*#$(8*!,*&!7-;7&!5$7&'!-Q-1!,*&!0-;;!

,*-.P'!,$!,*&!*14#-(;+3!A#&''(#&!'$!,*&!0-;;$$.!3-.!0&!%+;;&4>!g*&.!%+;;+.8!+'!3$5A;&,&4V!,*&!

5-8.&,+3!0-;;!8$&'!0-3P!-8-+.',!,*&!5&,-;!31;+.4&#!-.4!,*&!+5A&#5&-0+;+,1!+'!&.'(#&4!01!,*&!

+.,&#%-3&!$%!,*&!0-;;$$.!5-,&#+-;>!g*&.!,*&!0-;;$$.!+'!'(0C&3,&4!,$!-!5-8.&,+3!%+&;4V!,*&!0-;;!

+'!-,,#-3,&4!$(,!$%!,*&!31;+.4&#V!'$!,*&!0-;;$$.!8&,'!4&%;-,&4>!F*&.V!'(3*!-'!Q*&.!,*&!(.A;(8!+'!

A&#%$#5&4!01!(;,#-'$(.4!8(+4&4!A(.3,(#&V!,*&!0-;;$$.!+'!,*&.!Q-'*&4!$(,!01!,*&!%;(+4!3$5+.8!

$(,!%#$5!,*&!;(.8'>!F*&!A#+.3+A;&!$%!,*&!#&,-+.&4!3$.3&A,!+'!4+'A;-1&4!+.!%+8(#&!\l>!
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!

!

4,67!"'8B9'Z!,2%,-)"'*('5&"'!"5$,2"1'%*2%"-5'(*!'<$))**2'*-"!$5,*2'

!

R+.-;;1V!,*&!#&,-+.&4!3$.3&A,!+'!7&#1!'+5A;&!'+.3&!,*&!7-;7&!+'!$.;1!3$5A$'&4!01!-!5&,-;!

31;+.4&#!-.4!-!5-8.&,+3!0-;;V!-.4!$A&#-,+$.!$.;1!#&B(+#&'!-!%#+.8&!%+&;4!$%!-.!2DO!5-3*+.&>!F$!

0&!.$,&4!,*-,!,*&!4&%;-,+$.!$A&#-,&'!#&8-#4;&''!,*&!4+#&3,+$.!$%!,*&!5-8.&,+3!%+&;4!+.!-!*-;%:

'A*&#&! $%! 'A-3&>! F*+'! +'! -! 3#+,+3-;! A$+.,V! -'! ,*&! %&,-;! A$'+,+$.! +.'+4&! ,*&! (,&#('! 3-..$,! 0&!

3$.,#$;;&4>!D&8-#4;&''! ,*&! %&,-;! A$'+,+$.V! ,*&! 7-;7&!5-1!&7&.,(-;;1!$A&.!Q*&.! ,*&!A-,+&.,!

'+5A;1!,(#.'!-#$(.4!,*&!2DO!5-3*+.&>!!
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@.-.E.! CSR,+&QR''(&'(&)'*)%Q+&

!

K! %+#',! A#$$%! $%! 3$.3&A,! *-'! 0&&.! A&#%$#5&4! +.! ,*&! A#&3;+.+3-;! +5-8+.8! %-3+;+,1! $%!

Z,#-'0$(#8![.+7&#'+,1!G$'A+,-;>!K!3$.4$5!*-'!0&&.!('&4!-'!-!0-;;$$.!-.4!Q-'!%+;;&4!Q+,*!-+#!

,*#$(8*!-!*$;&!$.!+,'!,$A>!K!4&%;-,+$.!7-;7&!('+.8!-!5-8.&,!-.4!-!5&,-;;+3!,(0&!Q-'!-##-.8&4!

-.4!,*&!0-'&!$%!,*&!3$.4$5>!g*&.!'(0C&3,&4!,$!-!5-8.&,+3!%+&;4!$%!rk!5FV!,*&!5-8.&,!Q-'!

-,,#-3,&4!+.4(3+.8!,*&!$A&.+.8!$%!,*&!7-;7&!-.4!,*&!4&%;-,+$.!$%!,*&!0-;;$$.>!!

!

 

Material  

 

Magnet / metallic tube / condom 

 

 

Balloon with the valve 

 

Away from the MRI,  

the valve is closed. 

 

 

Close to the MRI, the valve opens 

allowing the deflation of the balloon 

 

'

4,67!"'8E9'4,!#5'-!**('*('%*2%"-5'
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@.<.!BR'+'+`QS*\&'(&+Z%&#"$$''*&

 

 

 

@.<.-.! =Y%*+S(S)"+S'*&'(&"*&S*YN,+RS"$S,+&

!

Z&7&#-;!3$5A-.+&'!-.4!+.4(',#+-;+','!*-7&!0&&.!-AA#$-3*&4!-.4!3$.'+4&#&4t!

!

!! u)$('+.! 0+$,&3*6! 4&7&;$A'! -.4!5-#P&,'! +..$7-,+7&! A#$4(3,'! %$#! 7+'3&#-;V! 'A+.&V! (#$:

81.&3$;$81! -.4!$0&'+,1! '(#8&#1>! F*+'! 3$5A-.1! +'! 'A&3+-;+@&4! +.! *-.4:5-.(%-3,(#&4!

+5A;-.,-0;&!%;&=+0;&!5&4+3-;!4&7+3&'>'!

!

!! u"#$,+A6! +'!-!3$5A-.1!'A&3+-;+@&4! +.! +5A;-.,-0;&!4&7+3&'!4&7&;$A&4!-'!-!'$;(,+$.!%$#!

A-,+&.,'!+.4+3-,&4!%$#!,$,-;!;-#1.8&3,$51>!

!

!! uK33;-#&.,6! 4&7&;$A'! -.4! -47-.3&'! +..$7-,+7&! ,&3*.$;$81! %$#! E,$;-#1.8$;$81>! F*+'!

3$5A-.1!5-.(%-3,(#&'!-!0-;;$$.!%$#!'+.(A;-',1>!

!

!! uZ,&#.&6!+'!-!3$5A-.1!'A&3+-;+@&4!+.!5-.(%-3,(#+.8!-.4!4&7&;$A+.8!A#$4(3,'!5-4&!$%!

'+;+3$.&V!&;-',$5&#'!-.4!#(00&#'>!!

!

!! uZ,-,+3&6! ,#-.'%$#5'! -.4! 4&7&;$A'! 0+$:5-,&#+-;'! '(3*! -'! '+;+3$.&! 5$(;4+.8V! A;-',+3'!

+.C&3,+$.!'1',&5'V!0+$#&'$#0-0;&!+.C&3,+$.V![;,#-'$(.4!Q&;4+.8V!-.4!&;&3,#$'A+..+.8>!

!

R+.-;;1V!,*&!+.4(',#+-;+',!uLZ!2&4+3-;!F&3*!O.4(',#16!`LZ:2FOa!*-'!0&&.!+4&.,+%+&4!,*-.P'!

,$!ZKFF:)$.&3,('!K;'-3&V!Q*+3*!+'!-!3$;;-0$#-,+7&!#&'&-#3*!-.4!,&3*.$;$81!,#-.'%&#!3$5A-.1>!

LZ:2FO!+'!'A&3+-;+@&4!+.!,*&!4&'+8.!-.4!,*&!5-.(%-3,(#+.8!$%!5&4+3-;!4&7+3&'>!F*&!3$5A-.1!

*-'! 0&&.! 3#&-,&4! +.! ]kkm! -.4! +'! ;$3-,&4! +.! ,*&! .$#,*! $%! K;'-3&! #&8+$.! +.! R#-.3&>! Z&7&#-;!

5&50&#'!$%!,*&!,&-5!*-7&!$7&#!,Q&.,1!1&-#'6!&=A&#+&.3&!+.!,*&!%+&;4!$%!'+.8;&!('&!5&4+3-;!

4&7+3&'>!R$#!,*&!5$5&.,V!LZ:2FO!5-+.;1!4&7&;$A'!-.4!A#$4(3&'!5&4+3-;!4&7+3&'!%$#!,*&!%+&;4!

$%!(#$;$81!-.4!5+.+5-;!+.7-'+7&!'(#8&#1>!!

E.&!$%!,*&!',#&.8,*'!$%!,*&!3$5A-.1!+'!,*&!P.$Q;&48&!+.!,*&!%+&;4!$%!+.%;-,-0;&!0-;;$$.'!

`7-#+$('! #-Q! 5-,&#+-;t! A$;1(#&,*-.&V! A$;1+'$A#&.&V! '+;+3$.&VSa! -.4! 3-,*&,&#! '1',&5'>!

2$#&$7&#V!LZ:2FO! +'! -;'$! 'A&3+-;+@&4! +.!A#$4(3,!4&7&;$A5&.,V!A#$,$,1A+.8!-.4! '5-;;! '3-;&!

A#$4(3,+$.>!
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@.<.<.! 0Z'S)%&'(&+Z%&]"+%RS"$&('R&+Z%&#"$$''*&

!

Z&7&#-;!5-.(%-3,(#+.8!A#$3&''&'!-.4!5-,&#+-;'!*-7&!0&&.!3$.'+4&#&4!%$#!,*&!0-;;$$.!

+,'&;%t!A$;1+'$A#&.&V!;-,&=:%#&&!5-,&#+-;V!-.4!;-,&=>!

!

! K!%+#',!A$;1+'$A#&.&!0-;;$$.!Q-'!%+;;&4!Q+,*!'-;+.&!'$;(,+$.>!/+5&.'+$.'!-.4!'*-A&!$%!

,*&!+.%;-,&4!0-;;$$.!Q&#&!3$##&3,>!F*&.V!,*&!0-;;$$.!Q-'!P&A,!-,!#$$5!,&5A&#-,(#&!%$#!%$(#!

Q&&P'>!K,!,*&!&.4!$%!,*-,!&=A&#+5&.,V!,*&!0-;;$$.!Q-'!,$,-;;1!4-5-8&4!-.4!4&,-3*&4!%#$5!+,'!

'(AA$#,>! Z+.3&! ,*+'! A$;1+'$A#&.&! 0-;;$$.! Q-'! 4&8#-4&4! #&-;;1! %-',V! A$;1+'$A#&.&! Q-'!

&;+5+.-,&4!%#$5!,*&!3*$+3&!$%!0-;;$$.!5-,&#+-;>!

!

4,67!"'8G9'Z*)=,#*-!"2"'<$))**2'E'+""^#'$(5"!',2()$5,*2'+,5&'#$),2"'

!

! K! ;-,&=! %#&&!5-,&#+-;!*-'!-;'$!0&&.!,&',&4! +.!$#4&#!,$!3$.'+4&#! +,'!('&!%$#!Z5-#,:FE!

0-;;$$.!5-.(%-3,(#+.8>!F*-,!5-,&#+-;!',(41!Q-'!A-#,!$%!,*&!A#$3&''!$%!.$.:-;;&#8+3!5-,&#+-;!

'&-#3*>!E.&!$%!,*&!5-.(%-3,(#+.8!A#$3&''!3$.'+',&4!+.!-!4+',-;!&.4!%$#5+.8!$%!,*&!0-;;$$.'!01!

,(0&!Q&;4+.8>!"+&3&'!$%!p! 35! ;$.8!Q&#&!3(,! %#$5! ;-,&=! %#&&! ,(0&>!F*&!4+',-;!&.4!Q-'! ,*&.!

%$#5&4! Q+,*! -! ,$''! Q&;4+.8! 5-3*+.&! -.4! ,*&! 0-;;$$.'! Q&#&! 5-.(%-3,(#&4! ('+.8! ,*&! '$!

$0,-+.&4!'&-;&4!,(0&'>!g*&.!5-.(%-3,(#+.8!,*&'&!0-;;$$.'V!+,!Q-'!.$,+3&4!,*-,!,*&!5-,&#+-;!

Q-'!#&-;;1!*-#4!,$!+.,#$4(3&!+.'+4&!,*&!5&,-;!31;+.4&#!-'!+,!*-4!-!,&.4&.31!,$!0#&-P>!Z&3$.4V!

,*&!;-,&=!%#&&!,(0&'!Q-;;'!*-4!-!,&.4&.31!,$!',+3P!,$8&,*&#!Q*&.!5-.+A(;-,&4!,*('!5-P+.8!+,!

*-#4! ,$! +.,#$4(3&! ,*&!5-8.&,+3!0-;;! +.'+4&! ,*&! ,(0&'>! R+.-;;1V! +,! 3-5&!$(,! ,*-,! +.! 3-'&! ,*+'!

5-,&#+-;!-.4!5-.(%-3,(#+.8!5&,*$4'!Q&#&!#&,-+.&4V!,*&!A#$3&''!*-4!,$!0&!+5A#$7&4!+.!,&#5'!

$%!-AA&-#-.3&>!

!
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!

4,67!"'8Q9'@,#5$)'"21'(*!;,26'*(')$5"/'(!""'<$))**2#'<='57<"'+")1,26'

!

! K.$,*&#!5-.(%-3,(#+.8!A#$3&''!,&',&4!%$#! ;-,&=!%#&&!0-;;$$.!4+',-;!&.4!%$#5+.8!Q-'!

A$+.,!%$#5+.8>!"+&3&'!$%!m!35!;$.8!Q&#&!3(,!%#$5!,*&!k>]!55!,(0&!-.4!-!k>s!55!4+-5&,&#!#$4!

Q-'!,*&.!+.,#$4(3&4!+.'+4&!,*&!;-,&=!%#&&!,(0&'>!F*&!+.,#$4(3,+$.!$%!,*&!#$4!+.'+4&!,*&!,(0&!

Q-'!*-#4!-'!,*&!,(0&!%$#5!A;&-,&4>!F(0&!-.4!#$4!Q&#&!,*&.!+.,#$4(3&4!+.,$!-!8;-''!%$#5!-,!-!

*+8*! ,&5A&#-,(#&! %$#!-!3$(A;&!$%! '&3$.4'>!F*&!'&,!Q-'!3$$;&4!4$Q.!0&%$#&! ,*&! ,(0&!Q+,*!

%$#5&4!A$+.,!Q-'!&=,#-3,&4! %#$5!8;-''! ,(0&!-.4!#$4>!2-8.&,+3!7-;7&!0-;;$$.'!Q&#&! %+.-;;1!

5-.(%-3,(#&4!('+.8!,*&!'$!$0,-+.&4!A$+.,&4!,(0&'>!G$Q&7&#V!.$.&!$%!,*&!0-;;$$.'!3$(;4!0&!

%+;;&4!-'!-;;! ,*&!'$! %$#5&4!4+',-;!&.4!Q&#&! ;&-P+.8>!K'!-!3$.'&B(&.3&V!&7&.! +%! ,*-,! %$#5+.8!

,&3*.+B(&! +5A#$7&4! ,*&! -AA&-#-.3&! $%! ,*&! 4+',-;! &.4! $%! ;-,&=! %#&&! 0-;;$$.'V! ,*&! %(#,*&#!

A&#5&-0+;+,1!,&','!-.4!5&3*-.+3-;!5&-'(#&5&.,'!Q&#&!A&#%$#5&4!$.!,*&!,(0&'!$0,-+.&4!Q+,*!

Q&;4+.8!,&3*.+B(&>!

!

!

!

4,67!"'8Q9'@,#5$)'"21'(*!;,26'*(')$5"/'(!""'<$))**2#'<='-*,25'(*!;,26''
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"&#5&-0+;+,1! ,&','!Q&#&! 3$.4(3,&4! $.! ;-,&=! %#&&! 0-;;$$.'! %$#5&4!01! ,(0&!Q&;4+.8>!

F*&1!Q&#&!%+;;&4!Q+,*!-+#!$#!'-;+.&!-.4!Q&#&!;&%,!$(,!+.!-50+&.,!-+#!$#!A(,!+.!-5.+$,+3!%;(+4>!F*&!

0-;;$$.! %+;;&4!Q+,*! '-;+.&!-.4! ;&%,! +.!-5.+$,+3! %;(+4!Q-'! ,*&! 3;$'&',! ,$! #&-;! 3+#3(5',-.3&!$%!

0-;;$$.!('&>!F*-,!0-;;$$.!*-'!0&&.!$0'&#7&4!%$#!-;5$',!-!5$.,*V!-.4!.&+,*&#!,*&!;&.8,*!.$#!

,*&!4+-5&,&#!'+8.+%+3-.,;1!4&3#&-'&4!-3#$''!,+5&>!Z(3*!$0'&#7-,+$.!;&-4!,$!,*&!3$.3;('+$.!,*-,!

,*&!;-,&=!%#&&!5-,&#+-;!*-4!-!8$$4!A&#5&-0+;+,1!%(.3,+$.>!

!

4,67!"'8R9'["$#7!";"25#'*('5&"')$5"/'(!""'<$))**2'

!

Length (in cm) Filled with air Filled with saline in 

air 

Filled with saline in 

amniotic fluid 

02/03/2017 19.54 17.1 16.63 

03/03/2017 7.67 15.89 16.2 

06/03/2017 6.85 15.34 15.67 

07/03/2017  14.6 15.56 

10/03/2017  13.93 15.49 

13/03/2017  13.51 15.46 

22/03/2017  12.08 15.22 

31/03/2017   15.2 

07/04/2017   15.2 

14/04/2017   15.2 

!

Diameter (in cm) Filled with air Filled with saline in 

air 

Filled with saline in 

amniotic fluid 

02/03/2017 8 7.9 7.9 

03/03/2017 3.2 8 8 

06/03/2017 1.9 7.9 8 

07/03/2017  7.8 8 

10/03/2017  7.6 8 

13/03/2017  7.4 8 

22/03/2017  6.9 8 

31/03/2017   8 

07/04/2017   8 

14/04/2017   8 

!

.$<)"#'Q'$21'R9'["$#7!";"25#'*('5&"')$5"/'(!""'<$))**2'$%!*##'5,;"'
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2&3*-.+3-;!,&','!Q&#&!A&#%$#5&4!$.!;-,&=!%#&&!0-;;$$.'!%$#5&4!01!,(0&!Q&;4+.8>!F*&1!

Q&#&!3-##+&4!$(,!01!$7&#!+.%;-,+.8!,*&!0-;;$$.!Q+,*!l!5U!$%!'-;+.&>!O,!'*$Q&4!-!8$$4!#&'+',-.3&!

-.4!#&'+',-.3&!-,!0#&-P>!G$Q&7&#V!-%,&#!4&%;-,+$.V!,*&!;-,&=!%#&&!0-;;$$.!4+4!.$,!8&,!0-3P!,$!+,'!

+.+,+-;!'+@&!-.4!'*-A&>!L&%$#&!,*&!%+#',! +.%;-,+$.V!,*&!;&.8,*!-.4!4+-5&,&#!Q&#&!r!-.4!\!55V!

Q*&#&-'!,*&1!3*-.8&4!,$!\j!-.4!l!55!-%,&#!+.%;-,+$.!-.4!4&%;-,+$.>!F*-,!+'!-!'&#+$('!+''(&!

0&3-('&!0&%$#&!0&+.8!('&4! ,*&!0-;;$$.'! '*$(;4!0&! %+;;&4! -! %+#',! ,+5&! +.! $#4&#! ,$! ,&',! ,*&+#!

+.,&8#+,1>!K,!,*-,!',-8&V!+%!,*&!0-;;$$.!4$&'!.$,!8&,!0-3P!,$!+,'!+.+,+-;!'+@&!-.4!'*-A&V!$.&!3-.6,!

3$.,#$;!%+.-;!'+@&!-.4!7$;(5&!Q*&.!+.%;-,+.8!+.!,#-3*&->!E.!,$A!$%!,*-,V!+%!,*&!0-;;$$.!4$&'!.$,!

8&,! 0-3P! ,$! +,'! +.+,+-;! '+@&! -%,&#! +.%;-,+$.! ,&',V! +,!Q$.6,! 0&! A$''+0;&! ,$! 0-3P! +,! (A! +.'+4&! ,*&!

&.4$'3$A+3!'*&-,*>!K'!-!3$.3;('+$.V!,*-,!;-,&=!%#&&!5-,&#+-;!Q-'!.$!;$.8&#!3$.'+4&#&4>!

!

R+.-;;1V!;-,&=!Q-'!3*$'&.!-'!,*&!5-,&#+-;!%$#!,*&!0-;;$$.>!"&#5&-0+;+,1!-.4!5&3*-.+3-;!

3*-#-3,&#+',+3'!$%!;-,&=!-#&!Q&;;!P.$Q.!-.4!Q&!A&#%$#5&4!A#&;+5+.-#1!,&','!3$.%+#5+.8!,*-,!

;-,&=!5-,&#+-;!%(;%+;;&4!'A&3+%+3-,+$.'!#&B(+#&4>!R(#,*&#!,&','!-;$.8!,*&!A#$4(3,!4&7&;$A5&.,!

#$(,&!Q&#&!A&#%$#5&4!,$!7-;+4-,&!Q+,*!;-#8&#!'3-;&!A#$,$3$;'!,*&'&!A#&;+5+.-#1!4&7&;$A5&.,!

3*$+3&'>!F*&1!-#&!#&A$#,&4!%(#,*&#!+.!3*-A,&#'!j>p>\!uA&#5&-0+;+,1!,&','6!-.4!j>p>]!u$33;('+$.!

,&','6>!

!

!

@.<.@.! 0Z'S)%&'(&+Z%&]"+%RS"$,&('R&+Z%&]%+"$&+N#%&"*Y&+Z%&]"\*%+S)&#"$$&&

!

F*&! 5-,&#+-;! 3*$'&.! %$#! ,*&! 5&,-;! ,(0&! +'! -! %&##+,+3! ',-+.;&''! ',&&;! ,1A&! jlk>' O.!

3$5A-#+'$.! ,$! -(',&.+,+3! ',&&;'V! Q*+3*! *-7&! -! %-3&:3&.,&#&4! 3(0+3! 8#-+.! ',#(3,(#&V! %&##+,+3!

',&&;'! -#&! 4&%+.&4! 01! -! 0$41:3&.,&#&4! 3(0+3! 8#-+.! ',#(3,(#&>! O.! $,*&#! Q$#4'V! ,*&! 3#1',-;!

',#(3,(#&!$%!'(3*!',&&;'!+'!3$5A#+'&4!$%!-!3(0+3!-,$5!3&;;!Q+,*!-.!-,$5!+.!,*&!3&.,&#>!F*+'!8#-+.!

',#(3,(#&!+'!,1A+3-;!$%!-;A*-!+#$.!-.4!+'!Q*-,!8+7&'!%&##+,+3!',&&;'!,*&+#!5-8.&,+3!A#$A&#,+&'>!

R&##+,+3!',&&;'!3-..$,!0&!*-#4&.&4!$#!',#&.8,*&.&4!01!*&-,!,#&-,5&.,V!0(,!*-7&!8$$4!

#&'+',-.3&!,$!',#&'':3$##$'+$.!3#-3P+.8>!F*&1!3-.!0&!3$;4!Q$#P&4!-.4!'$%,&.&4!01!-..&-;+.8>!

g*+;&!.$,!-'!',#$.8!$#!3$##$'+$.!#&'+',-.,!-'!-(',&.+,+3!8#-4&'V!,*&!%&##+,+3!8#-4&'!8&.&#-;;1!

*-7&!0&,,&#!&.8+.&&#+.8!A#$A&#,+&'>!F*$(8*!8&.&#-;;1!7&#1!Q&;4-0;&V!'$5&!%&##+,+3!',&&;!8#-4&'!

3-.! 0&! A#$.&! ,$! '&.'+,+@-,+$.! $%! ,*&! Q&;4! *&-,:-%%&3,&4! @$.&! -.4! Q&;4! 5&,-;! *$,!

3#-3P+.8>!g&;4-0+;+,1!;+5+,-,+$.'V!,*&#&%$#&V!#&',#+3,!,*&!('&!$%!,*&'&!',&&;'!,$!,*+..&#!8-(8&'>!
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F*&! ,1A&! jlk! +'! ,*&! 5$',! 3$55$.;1! ('&4! %&##+,+3! ',&&;>! O,! *-'! -! *+8*&#! 3*#$5+(5!

3$.,&.,!-.4! +'V!3$.'&B(&.,;1V!5$#&!#&'+',-.,! ,$!3$##$'+$.!01!.+,#+3!-3+4'V! '(;%(#!8-''&'!-.4!

5-.1!$#8-.+3!-.4!%$$4!-3+4'>!!

!

F*&! 5-,&#+-;! 3*$'&.! %$#! ,*&! 5-8.&,+3! 0-;;! +'! .&$415+(5V! Q*+3*! +'! ,*&! ',#$.8&',!

5-8.&,!5-,&#+-;!-7-+;-0;&>!Y&$415!5-8.&,'!-#&!5-.(%-3,(#&4!%#$5!#-#&!A$Q4&#!5-,&#+-;'!

(.4&#!*+8*!A#&''(#&!-.4!-#&!,*&.!3$-,&4!Q+,*!,*+.!5&,-;! ;-1&#'>!2$',;1!,*&'&!5-8.&,'!-#&!

3$7&#&4!Q+,*!-!5&,-;;+3!3$-,+.8!Q*+3*!4$&'!.$,!A#$,&3,!-8-+.',!3$##$'+$.!+.!*(5+4!3$.4+,+$.'>!

F*&!5-8.&,+3! 0-;;!Q&! 3*$'&! +'! 3$-,&4!Q+,*! .+3P&;V!Q*+3*! +'! -! '(%%+3+&.,! A#$,&3,+$.! -8-+.',!

3$##$'+$.! +.!4#1!-50+&.,'!0(,!.$,! +.!*(5+4!3$.4+,+$.'>!g&!3*$'&!,$!A&#%$#5!-.!-44+,+$.-;!

A-#1;&.&! 3$-,+.8! -'! +,6'! ,*&! $.;1! &%%+3+&.,! A#$,&3,+$.! `'&&! 3*-A,&#! j>]>j! u)*$+3&! %$#!

0+$3$5A-,+0+;+,1!'$;(,+$.6a>!!

!

.$<)"'N9'0&$!$%5"!,#5,%#'*('5&"';$62"5,%'<$))'

!
!

@.<.E.! 0Z'S)%&('R&#S')']Q"+S#S$S+`&,'$N+S'*&

!

F*&!0+$3$5A-,+0+;+,1! $%! ,*&!5&,-;! ,(0&! -.4!5-8.&,+3! 0-;;! +'! &.'(#&4!01! -! A-#1;&.&!

3$-,+.8>!"-#1;&.&!+'!-!A$;15&#!%+;5!,*-,!+'!('&4!-'!-!A#$,&3,+7&!3$-,+.8!%$#!5-.1!5&,-;;+3!-.4!

.$.:5&,-;;+3! 5-,&#+-;'>! O,! A#$7+4&'! &.7+#$.5&.,-;! -.4! 4+&;&3,#+3! +.'$;-,+$.! +.! -! 7-#+&,1! $%!

-AA;+3-,+$.'V! +.3;(4+.8!7-#+$('!5&4+3-;!4&7+3&'>!F*&!5$',! +5A$#,-.,!A#$A&#,+&'!$%!"-#1;&.&!

3$-,+.8! -#&! (.+%$#5+,1! -.4! 3$5A;&,&.&''! $%! 3$7&#-8&! -.4! A*1'+3-;V! &;&3,#+3-;V! 3*&5+3-;V!

5&3*-.+3-;!-.4!0-##+&#!A#$A&#,+&'>!F*&!,*+.!%+;5'!-#&!$%!*+8*!$A,+3-;!B(-;+,1V!,*&!5&3*-.+3-;!

3*-#-3,&#+',+3'!-#&!*+8*!,&.'+;&!-.4!1+&;4!',#&.8,*V!(.+%$#5!,*+3P.&''!$.!-;;!'(#%-3&'>!L&1$.4!

A#&7&.,+.8!',+3,+$.!4(&!,$! +,'! #&'+',-.3&!,$! %#+3,+$.V!-!"-#1;&.&!3$-,+.8!*-'!5-.1!0&.&%+3+-;!

3*-#-3,&#+',+3'!,$!&.'(#&!+,!Q$#P'!Q&;;!Q+,*!-!Q+4&!7-#+&,1!$%!4&'+8.!#&B(+#&5&.,'>!F*&!',#$.8!
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A-#,+3;&! #&,&.,+$.! +'! 0&',! %$#! ,*&! (A8#-4+.8! $%! &;&3,#$.+3! -.4!5&3*-.+3-;! 4&7+3&'>! R$#! ,*&!

2&4+3-;! $#! R$$4! -.4! L&7&#-8&! O.4(',#+&'V! "-#1;&.&! +'! R/K! -AA#$7&4! Q+,*! -! );-''! ?O! 0+$:

3$5A-,+0+;+,1!#-,+.8>!

!

R+.-;;1V!-'!+;;(',#-,&4!+.!%+8(#&!\mV!A-#1;&.&!+'!-.!&=3&;;&.,!0-##+&#!,$!$=18&.V!5$+',(#&V!

3*&5+3-;'V! '$;7&.,'V! -3+4'V! 3-#0$.! 4+$=+4&V! %(.8('V! 0-3,&#+-V!Q-,&#! 7-A$#V! -.4!5-.1! $,*&#!

&;&5&.,'>!O,!+'!0+$:3$5A-,+0;&V!-.,+!-;;&#8+3!-.4!0&',!'(+,-0;&!%$#!5&4+3-;!-AA;+3-,+$.'>!"-#1;&.&!

+'!;+8*,:Q&+8*,V!*+8*;1!#&;+-0;&V!-.4!*-'!&=3&;;&.,!-4*&'+$.!A#$A&#,+&'>!/(&!,$!+,'!;$Q!3$&%%+3+&.,!

$%!%#+3,+$.!+,!+'!('&4!-'!-!4#1!%+;5!;(0#+3-.,>!!

!

'

4,67!"'8N9'0&$!$%5"!,#5,%#'*('#"F"!$)'%*$5,26'#*)75,*2#',2%)71,26'-$!=)"2"'
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N N35 M H SH UH EH YX YXG FCC

60°C 80°C 100°C 120°C 150°C 180°C 200°C 250°C 350°C 500°C

140°F 176°F 212°F 248°F 302°F 356°F 392°F 482°F 662°F 932°F

Material grade & maximum operation temperature 

Ferrit-Chrome-Cobalt (FeCrCo), soft magnetic, machinable

not coated Magnet material grey
metallic

acceptable for SamariumCobalt - but no good mechanical protection, 
not acceptable for Neodymium - oxidation in wet ambients, dissolution in acids, lightly
resistant in alkaline suspensions. Sealing neccessary.

Nickel >0.01mm Ni+Cu+Ni,
galvanically applied
silver or dark silver-like,
porose and hard surface

Industrial standard, good work stability, sufficient protection against corrosion in dry
ambients, possible allergic reaction on sensible persons

Zinc >0.006mm Zn, galvanically
applied blue silver-like, tight
and even surface

good protection against corrosion

Chrome >0.01mm Ni+Cu+Ni+Cr,
galvanically applied dark
silver-like, tight and hard
surface

very good protection against corrosion

Tin >0.01mm Sn, galvanically
applied silver, soft and tight
surface

very good protection against corrosion, good electrical conductivity, no negative effect at
body contact, 
pay attention to the right magnet material (max.op.temp.) if soldering is planned

Silver >0.01mm Ni+Cu+Ni+Ag,
galvanically applied silver,
soft surface

very good protection against corrosion, very good electrical conductivity, typical black oxid
can be removed with cleaning cloth, no negative effect at body contact,  
pay attention to the right magnet material (max.op.temp.) if soldering is planned

Gold >0.01mm Ni+Cu+Ni+Au,
galvanically applied golden
surface, Industry-Gold or
24Karat

best metallic protection against corrosion, very good electrical conductivity,  no negative
effect at body contact

Epoxy >0.05mm Ep, plastic layer
in dip-coating process,
black, soft and elastic
surface

good protection against corrosion, water-repellent, mechanically sensitive

Teflon >0.02mm NiTf, plastic
layer, blue, soft and elastic
surface

good protection against corrosion, water-repellent, barrier against organic & anorganic
substances, strong acids & alkaline solution, gas & steam, structure-preserving, low friction
coefficient, di-electric, mechanically sensitive

Parylene <0.05mm Pc, polymere
applied in vaccum
chamber, optically opaque,
surface beneath visible

best none metallic protection against corrosion, hydrophobe, watertight & gastight,
non-soluble, barrier against organic & anorganic substances, strong acids & alkaline
solution, gas & steam, structure-preserving, low friction coefficient, di-electric, meets
MIL-I-46058C, non-toxic, fungus & bacteria tight, bio-compatible, physiologically &
toxicologically harmless, anti-allergic
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@.<.;.! CR'P%*&Y%,S\*&

!

F*&!0-;;$$.! +'!5-4&!$%! ;-,&=!5-,&#+-;!-.4! +,'!4+5&.'+$.'!-#&!\>j]55!=!r55!Q*&.!

4&%;-,&4!-.4!n55!=!]k55!Q*&.!+.%;-,&4!Q+,*!k>n5U!$%!'-;+.&>!F*&!5-8.&,+3!0-;;!+'!+.3;(4&4!

+.'+4&!,*&!0-;;$$.!-.4!+'!%#&&!$%!5$7&5&.,'>!O,!+'!5-4&!$%!Y&$415+(5!Y4R&L!q!Ylp!-.4!+,'!

4+-5&,&#!+'!\55>!F*&!5&,-;!,(0&!31;+.4&#!+'!5-4&!$%!%&##+,+3!',-+.;&''!',&&;!,1A&!jlk!-.4!+,'!

4+5&.'+$.'!-#&!\>l55!=!l55>!K,!,*&!0-;;$$.!'+4&V!,*&!+5A&#5&-0+;+,1!+'!&.'(#&4!01!-!3*-5%&#!

*$',+.8!,*&!5-8.&,+3!0-;;!Q+,*!-!;-,&=!+.,&#%-3&>!E.!,*&!$,*&#!'+4&V!,*&#&!+'!-!;-,&=!,(0&!Q*$'&!

4+5&.'+$.'!-#&!\>j]55!=!]>p55>!F*&!5&,-;!,(0&!-.4!,*&!5-8.&,+3!0-;;!-#&!0$,*!3$-,&4!Q+,*!

A-#1;&.&>!E(,;+.&'!$%!,*+'!%+.-;!4&'+8.!-#&!4+'A;-1&4!+.!%+8(#&!\s>!

!

!

4,67!"'8T9'K75),2"#'*('5&"'(!*X"2'1"#,62'
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@.<.I.! :%)'*Y&QR''(&'(&)'*)%Q+&

!

F*&!'&3$.4!A#$$%!$%!3$.3&A,!Q-'!3$.4(3,&4!Q+,*!-!A#$,$,1A&!'3-;&!\q\V!5-.(%-3,(#&4!

-33$#4+.8!,$!,*&!%#$@&.!4&'+8.!A#&'&.,&4!-0$7&>!F*+'!&=A&#+5&.,!,$$P!A;-3&!+.!,*&!+5-8+.8!

4&A-#,5&.,!$%!Z,#-'0$(#8![.+7&#'+,1!G$'A+,-;V!('+.8!\>p!F!-.4!]F!2DO!5-3*+.&'>!F*&!0-;;$$.!

Q-'!+.%;-,&4!+.'+4&!-!,#-.'A-#&.,!,(0&!$%!n55!5-,&#+-;+@+.8!,*&!%&,-;!,#-3*&->!F*&!4&7+3&!Q-'!

,*&.!5$7&4! ,$Q-#4'! ,*&!2DO!5-3*+.&! -.4! 8$,! 4&%;-,&4! +.! '&3$.4'! Q*&.! '(0C&3,&4! ,$! -!

5-8.&,+3!%+&;4!$%!-AA#$=+5-,+7&;1!k>j!FV!,P"P!lk!,$!jk!35!,$!,*&!'3-..&#!,(0&!4&A&.4+.8!$.!,*&!

2DO!5-3*+.&>!EA&#-,+$.!Q-'!#&A#$4(3+0;&!Q*&.!A#&'&.,+.8!,*&!4&7+3&!Q+,*!4+%%&#&.,!-.8;&'>!!

!

4,67!"'>Y9'H"%*21'-!**('*('%*2%"-5'+,5&'[D?';$%&,2"'

!

F*&!A#$,$,1A&!*-'!-;'$!0&&.!,&',&4!Q+,*!-!*+8*:%+4&;+,1!'+5(;-,$#!%$#!RJFE!+.'&#,+$.!

-.4!#&5$7-;!`g+.4#+5!DV!D1-.!dV!U&0$(,*+;;+&#!RV!&,!-;>!/&7&;$A5&.,!-.4!('&!$%!-!*+8*:!%+4&;+,1!

'+5(;-,$#!%$#!%&,-;!&.4$,#-3*&-;!0-;;$$.!$33;('+$.!`RJFEa!+.'&#,+$.!-.4!#&5$7-;>!"#&.-,!/+-8.!

]k\jzljt\mk&j>a>!g&!('&4!-!\>l!55!&.4$'3$A&!`\\pjkKKa!-.4!-!l>l!55!'*&-,*!`\\pjkXJa!

5-.(%-3,(#&4!01!X-#;!Z,$#@!�>!F*&!4&;+7&#1!3-,*&,&#!Q-'!A('*&4!,*#$(8*!-!'+4&!A$#,!-.4!,*&!

0-;;$$.! Q-'! A;-3&4! $.! +,'! 4+',-;! &.4>! F*&.! ,*&! 4&;+7&#1! '1',&5! Q-'! 5$7&4! 0-3P! +.! ,*&!

%&,$'3$A&!(.,+;!,*&!0-;;$$.!+'!3$5A;&,&;1!+.'+4&>!F*&!A;-3&5&.,!$%!,*&!0-;;$$.!+.!,*&!,#-3*&-!

Q-'!A&#%$#5&4!-33$#4+.8!,$!,*&!'-5&!A#+.3+A;&'!,*-.!RJFE!,&3*.+B(&>!R+.-;;1V!-!k>j!F!5-8.&,!

Q-'!A$'+,+$.&4!+.!%#$.,!$%!,*&!%&,-;!.&3P!-.4!Q&!3$(;4!'&&!,*&!0-;;$$.!8&,!&5A,1!'+.3&!Q&!;&%,!

,*&!%&,$'3$A&!+.'+4&!,*&!%&,-;!,#-3*&->!F*+'!&=A&#+5&.,!+'!+;;(',#-,&4!+.!%+8(#&!]\>!

!
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!

!

!

4,67!"'>89'H"%*21'-!**('*('%*2%"-5'+,5&'&,6&I(,1"),5='#,;7)$5*!'(*!'4:.K'
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@.@.!BR'+'+`QS*\&'(&+Z%&Y%$SO%R`&,`,+%]&

 

 

@.@.-.! 7%O%$'Q]%*+&'(&+Z%&Y%$SO%R`&,`,+%]&

&

F*&!%+#',!4&;+7&#1!'1',&5!Q-'!%$#5&4!%#$5!-!0;-3P!A&&P!,(0&!+.'&#,&4!+.,$!-!Q*+,&!A&&P!

,(0&V!Q*+3*!+.,&#.-;!4+-5&,&#!Q-'!';+8*,;1!0+88&#!,*-.!,*&!&=,&#.-;!4+-5&,&#!%#$5!,*&!0;-3P!

A&&P!,(0&>!F*&'&!,Q$!A&&P!,(0&'!Q&#&!8;(&4!-,!4+',-;!&.4V!'$!,*-,!,*&!0;-3P!A&&P!,(0&!Q-'!]>p!

55!;$.8&#!,*-.!,*&!Q*+,&!A&&P!,(0&>!E.!,*&!A#$=+5-;!&.4V!,*&!0;-3P!,(0&!Q-'!;$.8&#!,*-.!

,*&!Q*+,&! ,(0&>! K!5-;&! U(&#! U$3P! -4-A,&#! -.4! -! %&5-;&q%&5-;&! %+,,+.8!Q&#&! A;(88&4! '$! -!

'1#+.8&!3$(;4!0&!'3#&Q&4>!

F*&! 0;-3P! A&&P! ,(0&! &.-0;&4! ,$! +.%('&! ;+B(+4! +.,$! ,*&! 0-;;$$.>! O,'! '5-;;! 4+-5&,&#!

-;;$Q&4!+,!,$!A&.&,#-,&!+.'+4&!,*&!;-,&=!0-;;$$.!(A!,$!,*&!+.,&#.-;!A-#,!$%!,*&!5&,-;!,(0&>!F*&!

Q*+,&!A&&P!,(0&!8;(&4!]>p!55!%#$5!,*&!&.4!$%!,*&!0;-3P!A&&P!,(0&!3#&-,&4!-!',$A!'$!,*-,!,*&!

0;-3P!,(0&!4+4!.$,!A&.&,#-,&!,$$!%-#!-.4!A('*!,*&!5-8.&,+3!0-;;!-Q-1!%#$5!,*&!5&,-;!,(0&>!!

!

!

4,67!"'>>9'4,!#5'1"),F"!='#=#5";'
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G$Q&7&#V!A#&;+5+.-#1!#+'P'!-.-;1'+'!A$+.,&4!$(,!,*-,!,*&!0-;;$$.!3$(;4!(.A;(8!4(#+.8!

,*&!RJFE!A#$3&4(#&!Q*&.!$A&#-,$#!5$7&'!0-3P!,*&!4&;+7&#1!'1',&5!+.'+4&!,*&!&.4$'3$A+3!

'*&-,*>! O.4&&4V! ,*&! 4+-5&,&#! $%! ,*&! 0-;;$$.!Q-'! ;-#8&#! ,*-.! ,*&! 4+-5&,&#! $%! ,*&! 4&;+7&#1!

'1',&5>!/&;+7&#1!'1',&5!*-4!,$!0&!+5A#$7&4!$.!,*&!4+',-;!&.4!,$!-7$+4!,*+'!+''(&>!

2$#&$7&#V!0&%$#&!('&!$%!,*&!0-;;$$.V!,*&!$A&#-,$#!'*$(;4!0&!-0;&!,$!+.%;-,&!,*&!0-;;$$.!

,$!3*&3P!+,'!+.,&8#+,1V!-.4!,*&#&%$#&!0&!-0;&!,$!4&%;-,&!+,>!O.!,*&!'-5&!Q-1V!+,!3-.!0&!.&3&''-#1!

,$! 4&%;-,&! ,*&! 0-;;$$.! 4(#+.8! ,*&! '(#8&#1! +.! 3-'&! $%! +.-AA#$A#+-,&! A$'+,+$.+.8! +.! ,*&! %&,-;!

,#-3*&->!R+.-;;1V!+5A#$7&5&.,!$%!,*&!4&;+7&#1!+.3;(4&4!,*&!4&7&;$A5&.,!$%!-!',1;&,!,*-,!3$(;4!

0&!+.'&#,&4!+.'+4&!,*&!0;-3P!A&&P!,(0&!-.4!-;;$Q!,*&!4&%;-,+$.!$%!,*&!0-;;$$.!01!A('*+.8!,*&!

5-8.&,+3!0-;;!-Q-1!%#$5!,*&!5&,-;!,(0&>!!

!

D&8-#4+.8!,*&!4&7&;$A5&.,!$%!,*&!4+',-;!&.4!$%!,*&!4&;+7&#1!'1',&5!+.!$#4&#!,$!-7$+4!

-33+4&.,-;!(.A;(8V!,*&!'$;(,+$.!$%!-.!&=,&#.-;!,*+#4!,(0&!$7&#!,*&!0;-3P!-.4!Q*+,&!A&&P!,(0&'!

Q-'!#&,-+.&4>!F*+'!,(0&!*-'!,*&!&=-3,!'-5&!4+-5&,&#!,*-.!,*&!0-;;$$.V!Q*-,!A#&7&.,'!,*&!#+'P!

$%!-!*-.8+.8!$%!,*&!0-;;$$.!Q*&.!,*+'!$.&!+'!5$7&4!0-3P!+.'+4&!,*&!&.4$'3$A+3!'*&-,*>!!

!

!

!

4,67!"'>B9'?;-!*F";"25'*('5&"'1,#5$)'"21'*('5&"'1"),F"!='#=#5";'

!
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D&8-#4+.8!,*&!4&7&;$A5&.,!$%!-!5&3*-.+3-;!'$;(,+$.!,$!4&%;-,&!,*&!0-;;$$.!,*#$(8*!

,*&!4&;+7&#1!'1',&5V!-!%+#',!',1;&,!$%!l55!$%!4+-5&,&#!Q-'!('&4>! O,!*-'!0&&.!$0'&#7&4!,*-,!

4&%;-,+$.!,+5&!$%!-!k>n5U!0-;;$$.!('+.8!-!l55!',1;&,!,*#$(8*!,*&!0;-3P!A&&P!,(0&!$%!k>j]!55!

3$(;4!,-P&!(A!,$!j!5+.(,&'>!F*+'!4&%;-,+$.!,+5&!Q$(;4!$07+$(';1!0&!%-#!,$$!;$.8>!F*-,6'!Q*1!Q&!

,#+&4! -! k>]55!',1;&,! ,*-,! -;;$Q'! -! 3$5A;&,&!4&%;-,+$.!$%! ,*&!0-;;$$.! +.! pk! ,$! rk! '&3$.4'>!

F*&#&%$#&V!,*&!k>]!55!',1;&,!Q-'!#&,-+.&4!-'!-!'$;(,+$.!%$#!0-;;$$.!4&%;-,+$.>!!

!

  

Stylet out of delivery system  

on distal end 

 

When the balloon is plugged at the distal end of the delivery 

system, the stylet moves slightly the magnetic ball on the side 

of the metal tube so the balloon deflates  

'

4,67!"'>E9'@"()$5,*2'*('5&"'<$))**2'5&$2^#'5*'5&"',25"!2$)'#5=)"5'

!

E,*&#!+5A#$7&5&.,'!$%!,*&!4&;+7&#1!'1',&5!Q&#&!4&7&;$A&4t!7-;7&!-.4!%+,,+.8!'1',&5!

$.!,*&!A#$=+5-;!&.4V!;&.8,*!$%!,*&!4&;+7&#1!'1',&5V!-.4!'1#+.8&!3*$+3&>!

!

D&8-#4+.8!,*&!7-;7&!-.4!%+,,+.8!'1',&5V!,*&!$0C&3,+7&!Q-'!,$!#&4(3&!,*&!'+@&!$%!,*&!7-;7&!

-.4!%+,,+.8!$.!,*&!A#$=+5-;!&.4V!,$!5-P&!+,!&-'+&#!,$!('&!-.4!,$!-;;$Q!,*&!+.,#$4(3,+$.!$%!,*&!

',1;&,>! F*&! #&'&-#3*!Q-'! $#+&.,&4! ,$Q-#4! -! %&5-;&! 7-;7&! '$! +,!Q+;;! -4-A,! ,$! ,*&! U(&#! U$3P!

'1#+.8&!Q+,*$(,!-!4$(0;&!UU!%&5-;&!%+,,+.8>!F*&!Q*+,&!-.4!8#&&.!F($*1!L$#',!R&5-;&!U(&#!;$3P!

3-A!-.'Q&#&4!,*&!'A&3+%+3-,+$.!#&B(&','>!F*&!0;-3P!A&&P!,(0&!Q-'!,*&.!-4C(',&4!'$!,*&!,(0&!

8$&'! ,*#$(8*! ,*&! 7-;7&! -.4! ',$A'! -,! ]!55! %#$5! ,*&! &.4! $%! ,*&! Q*+,&! A-#,! $%! ,*&! 7-;7&>!

F*&#&%$#&V!,*&!',1;&,!3-.!&-'+;1!0&! +.'&#,&4! +.,$!,*&!0;-3P!A&&P!,(0&!,$!4&%;-,&!,*&!0-;;$$.!

0&%$#&!A#$3&4(#&!$#!4(#+.8!'(#8&#1!+.!3-'&!$%!+.3$##&3,!A$'+,+$.+.8!+.!,*&!%&,-;!,#-3*&->!

!
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!

4,67!"'>G9'0*2F"2,"25'F$)F"'$21'(,55,26'#=#5";'$))*+,26'5&"'#5=)"5',25!*17%5,*2'

!

D&8-#4+.8!,*&!;&.8,*!$%!,*&!4&;+7&#1!'1',&5V!P.$Q+.8!,*-,!,*&!&.4$'3$A+3!'*&-,*!('&4!

%$#!RJFE!+'!ll!35!;$.8V!,Q$!A#$,$,1A&'!Q&#&!-''&50;&4V!Q*+3*!;&.8,*!Q&#&!sk!35!%$#!-!;$.8!

7&#'+$.!-.4!jk!35!%$#!-!'*$#,&#!7&#'+$.>!F&','!Q&#&!$A&#-,&4!Q+,*!-.!&.4$'3$A&!-.4!-!*+8*:

%+4&;+,1!'+5(;-,$#!%$#!RJFE>!F*&!;$.8&#!4&;+7&#1!'1',&5!Q-'!#&,-+.&4!-'!+,!Q-'!;$.8!&.$(8*!,$!

-;;$Q!,*&!'1#+.8&!,$!0&!3$.7&.+&.,;1!;-+4!$.!,*&!$A&#-,+$.!%+&;4>!F*&!;&.8,*!$%!,*&!',1;&,!Q-'!

,*&.!-4-A,&4!'$!,*&!',1;&,!+'!;$.8!&.$(8*!,$!A('*!,*&!5-8.&,+3!0-;;!-Q-1!%#$5!,*&!5&,-;!,(0&V!

0(,!.$,!,$$!;$.8!'$!.&+,*&#!+,!A('*&'!,*&!5-8.&,+3!0-;;!,$$!%-#!%#$5!,*&!#+.8!.$#!+,!4-5-8&'!

,*&!0-;;$$.>!

!

!

!
4,67!"'>Q9'@"),F"!='#=#5";',2#,1"'5&"'"21*#%*-,%'#&"$5&'
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D&8-#4+.8! ,*&! '1#+.8&! 3*$+3&V! j! '1#+.8&'!*-7&!0&&.! '(05+,,&4! ,$! ,&','>! F*&! %$(#!$%!

,*&5!Q&#&!U(&#!U$3P!'$! ,*&1!3-.!0&!A&#%&3,;1!A;(88&4!,$! ,*&!4&;+7&#1!'1',&5>!F*&!'1#+.8&!

'*$(;4!*-7&!-!7$;(5&!'(+,-0;&!,$!%;('*!,*&!4&;+7&#1!'1',&5!-.4!%+;;!,*&!5-8.&,+3!7-;7&!0-;;$$.>!

F*&!3-;3(;-,+$.!$%!,*&!%;(+4!7$;(5&!.&3&''-#1!,$!%;('*!-!4&;+7&#1!'1',&5!$%!sk!35!;&.8,*!-.4!

k>j]!55!$%!+.,&#.-;!4+-5&,&#!Q-'!-'!%$;;$Qt!skk!=!�!=!k>]]!x!k>\]p5U>!F*&#&%$#&V!-!\!5;!'1#+.8&!

Q-'!-AA#$A#+-,&!,$!%+;;!,*&!0-;;$$.!-.4!%;('*!,*&!4&;+7&#1!'1',&5!`k>n�k>\]p!x!k>m]p5Ua>!F*&!

'&;&3,&4!'1#+.8&!Q-'!,*&!2&4-;;+$.!Z1#+.8&>!O.4&&4V!+,!+'!A&#%&3,;1!-4-A,&4!,$!,*&!3$.4+,+$.!$%!

('&!$%!,*&!4&;+7&#1!'1',&5V!-.4!O,'!B(-;+,1!-.4!7$;(5&!5-P&!+,!-.!$A,+5-;!3*$+3&>!

 

 

@.@.<.! CR'P%*&Y%,S\*&A-&

!

R+.-;;1V!,*&!4&'+8.!$%!,*&!4&;+7&#1!'1',&5!*-'!0&&.!%#$@&.>!O,!+'!3$5A$'&4!01!-!,*#&&:

;-1&#'!,(0&t!+.,&#.-;!0;-3P!A&&P!,(0&!%$#!,*&!+.C&3,+$.!$%!'-;+.&V!5+44;&!Q*+,&!A&&P!,(0&V!-.4!

&=,&#.-;! ,#-.'A-#&.,! A&0-=! ,(0&! ,$! A#&7&.,! 0-;;$$.! %#$5! (.A;(8!Q*&.! 4&;+7&#1! '1',&5! +'!

5$7&4!0-3P!+.'+4&!,*&!&.4$'3$A+3!'*&-,*>!K!0+$3$5A-,+0;&!8;(&!+'!('&4!,$!5-P&!,*$'&!;-1&#'!

',+3P! ,$8&,*&#>! F*&! ;&.8,*! $%! ,*&! 4&;+7&#1! '1',&5! +'! sk35>! K! k>]!55! ',1;&,! 3-.! 0&! &-'+;1!

+.,#$4(3&4!+.'+4&!,*&!4&;+7&#1!'1',&5!'$!,*&!0-;;$$.!3-.!0&!4&%;-,&4>!E.!,*&!A#$=+5-;!&.4V!-!

F($*1!L$#',!?-;7&!`8#&&.!Q+,*!Q*+,&!3-A!U(&#!U$3P!0;-.3!%&5-;&a!3-.!0&!&-'+;1!A;(88&4!Q+,*!

,*&!Z1#+.8&!2&4-;;+$.!`2-;&!U(&#!U$3PV!Q*+,&!\!5;V!")V!KLZV!Z+;+3$.&a>!!

!

4,67!"'>R9'K75),2"#'*('5&"'(,2$)'1"),F"!='#=#5";'
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@.@.@.! 3*\'S*\&Y%O%$'Q]%*+&'(&+Z%&Y%$SO%R`&,`,+%]&

!

K,!,*-,!',-8&!$%!A#$4(3,!4&7&;$A5&.,V!,*&!$A&#-,$#!'*$(;4!A(;;!8&.,;1!$.!,*&!4&;+7&#1!

'1',&5!,$!#&;&-'&!,*&!0-;;$$.>! O,!*-'!0&&.!B(&',+$.&4!,*-,!,*&#&!5+8*,!0&!-.$,*&#!Q-1!,$!

#&;&-'&! ,*&! 0-;;$$.! 01! &=&#3+'+.8! -! #&8(;-#! -.4! 8&.,;&! A#&''(#&! $.! +,'! A#$=+5-;! &.4>! K.!

-;,&#.-,+7&!4&;+7&#1!'1',&5!+'!,*&#&%$#&!(.4&#!',(41!-.4!4&7&;$A5&.,>!

!

E.!,*&!4+',-;!&.4!$%!,*&!4&;+7&#1!'1',&5V!,*&!A&0-=!,(0&!Q$(;4!.$!;$.8&#!0&!8;(&4!,$!

,*&!Q*+,&!-.4!0;-3P!A&&P!,(0&!'$!,*&!A&0-=!,(0&!3-.!';+4&!$.!,*&!A&&P!,(0&'>!E.!,*&!A#$=+5-;!

&.4V!,*&!'+5A;&!7-;7&!Q$(;4!0&!#&A;-3&4!01!-!.&Q!%+,,+.8!3$5A$'&4!01!,*#&&!&;&5&.,'t!-!*-;%!

UU!%&5-;&!3$..&3,$#V!-!F($*1!L$#',!7-;7&!-.4!-!UU!%&5-;&!,(0+.8!%+,>!F*&!A&0-=!,(0&!Q$(;4!0&!

8;(&4!,$!,*&!UU!%&5-;&!,(0+.8!%+,>!

!

g*&.!,*&!%&5-;&!,(0+.8!%+,!+'!(.'3#&Q&4V!,*&!A&0-=!,(0&!Q$(;4!';+4&!-;$.8!,*&!A&&P!

,(0&>!F*&#&%$#&V!Q*&.!,*&!0-;;$$.!+'!3$..&3,&4!-,!,*&!4+',-;!&.4!$%!,*&!.&Q!4&;+7&#1!'1',&5V!

,*&!(.'3#&Q+.8!$%!,*&!UU!%&5-;&!,(0+.8!%+,!Q$(;4!5-P&!,*&!A&0-=!,(0&!';+4&!,$Q-#4!,*&!4+',-;!

&.4!$%!4&;+7&#1!'1',&5V!,*('!A('*+.8!,*&!A#$=+5-;!&.4!$%!,*&!0-;;$$.>!F*&!UU!%&5-;&!,(0+.8!%+,!

'*$(;4!0&!(.'3#&Q&4!(.,+;!,*&!0-;;$$.!+'!8&.,;1!#&;&-'&4>!

!

!

'

4,67!"'>N9'U2#%!"+'*('5&"'(";$)"'57<,26'(,5'

!

!

!
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!

!
'

4,67!"'>T9'D")"$#"'*('5&"'<$))**2'

!

F*+'!4&;+7&#1!'1',&5!+'!',+;;!(.4&#!4&7&;$A5&.,>!O,!'*-;;!0&!,&',&4!-.4!%(#,*&#!+5A#$7&4!

0(,!3$(;4!0&!,*&!.&=,!8&.&#-,+$.!$%!4&;+7&#1!'1',&5>!F*+'!4&;+7&#1!'1',&5!'*$(;4!0&!5$#&!

3$.7&.+&.,!-.4!#&4(3&!,*&!#+'P!$%!+.3$##&3,!A$'+,+$.+.8!$%!,*&!0-;;$$.>!

!

!

!

@.E.!=*+%$$%)+N"$&QR'Q%R+`&

 

 

@.E.-.! B"+%*+"#S$S+`&,+NY`&

!

K! A-,&.,-0+;+,1! ',(41! *-'! 0&&.! A&#%$#5&4! ('+.8! ,*&! A-,&.,'! -.4! A(0;+3-,+$.'!

4-,-0-'&'>!!

!

F*&#&!-#&!,Q$!&=+',+.8!%+;&4!A-,&.,'!#&;-,+7&!,$!-.!u+.%;-,-0;&!+5A;-.,6!`[Z!nrl]]s\L]a!

-.4!-!u4&,-3*-0;&!0-;;$$.!3-,*&,&#!-AA-#-,('!-.4!5&,*$46!`[Z!j\\\\jra>!F*&'&!-#&!.$,!,*&!

'(0C&3,!$%!$(#!+..$7-,+$.!.$#!$(#!3;-+5'>!!

!
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F*&#&! -#&! ,*#&&! &=+',+.8! %+;&4! A-,&.,'! #&8-#4+.8! 4+%%&#&.,! +..$7-,+7&! ,&3*.+B(&'! %$#!

.$.+.7-'+7&!(.A;(8!-%,&#!RJFE!A#$3&4(#&>!F*&1!-;;!'*-#&!,*&!'-5&!'3+&.,+%+3!0-3P8#$(.4!,*-,!

$(#!4&7+3&!0(,!,*&!,&3*.+3-;!'$;(,+$.'!'$!-'!,*&+#!3;-+5'!-#&!4+%%&#&.,!,*-.!$(#'>!R+.-;;1V!+,!4+4!

.$,!3$5A#$5+'&!,*&!A-,&.,-0+;+,1!$%!$(#!4&7+3&>!

!

R+#',V! ,*&#&! +'! -! A-,&.,! $.! -! u#&5$,&! -3,(-,&4! 7-;7&! +5A;-.,6! `[Z]k\kqk]j\]j\Ka!

`%+8(#&!lka>!F*+'! +5A;-.,!-;;$Q'!-!#&5$,&;1!3$.,#$;;&4!313;+3!$33;('+$.V!0#+.8+.8!+.,$!A;-1!-.!

+.4(3,+7&!'$(#3&!3$+;!-.4V!,$!0&!;&%,!+.'+4&!,*&!%&,-;!,#-3*&-V!-!3-A-3+,$#V!-!A+3P:(A!3$+;V!-!C$(;&!

*&-,&#!Q+#&V!-.4!-!,*&#5-;;1!#&'A$.'+7&!A$;15&#>!J7&.!,*$(8*!+,6'!7&#1!+.,&#&',+.8V!Q&!0&;+&7&!

,*-,! 4&7&;$A+.8! '(3*! -! 4&7+3&! +'! ,&3*.+3-;;1! 3*-;;&.8+.8! -.4!5-1! +5A;+&'! 4+%%+3(;,+&'! 8$+.8!

,*#$(8*!#&8(;-,$#1!#$(,&'!%$#!-!%&,-;!('&>!!

!

Z&3$.4V! ,*&#&! +'! -! A-,&.,! $.! -! u5&,*$4! -.4! -AA-#-,('! %$#! 4&;+7&#1! +.'+4&! ,*&! %&,-;!

,#-3*&-6!̀ [Z]k\]qk\mjmkmK\a!̀ %+8(#&!l\a>!O.!,*+'!,&3*.$;$81V!,#-3*&-;!$33;('+$.!+'!A#$7+4&4!01!

-!A$;15&#+@-0;&!*14#$8&;!,*-,!-(,$5-,+3-;;1!4+''$;7&!4(#+.8!,*&!%&,-;!8&',-,+$.!A&#+$4>!J7&.!

,*$(8*!+,6'!7&#1!+.,&#&',+.8V!+,!4$&'!.$,!$%%&#!-!#&5$,&;1!3$.,#$;;&4!#&7&#'-;!$33;('+$.>!R+.-;;1V!

,*+'!'$;(,+$.!4$&'!.$,!$7&#3$5&!,*&!+''(&!$%!,*&!&5&#8&.31!'&,,+.8!Q*&.!,*&!A-,+&.,'!8$!+.,$!

;-0$#!$#!#(A,(#&!,*&+#!5&50#-.&'!Q*&#&-'!,*&!A$;15&#!+'!.$,!4+''$;7&4!1&,>!

!

F*+#4V!,*&#&!+'!-!A-,&.,!$.!-!u5&4+3-;!(;,#-'$(.4!'1',&56!`gE]k\lq\jr]\kK\a!`%+8(#&!

l]a>!F*+'!,&3*.$;$81!#&;+&'!$.!,*&!(,+;+@-,+$.!$%!*+8*:4&.'+,1!%$3('&4!(;,#-'$(.4!,$!4+'#(A,!-!
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,*&.!5&-'(#&4!Q+,*!-!3-;+A&#!,*#$(8*!,*&!8;-''!,(0&>!!

!

   

   

   

4,67!"'BT9'?))7#5!$5,*2'(*!'5&"'*%%)7#,*2'5"#5#';"5&*1#'

!

F*&'&!$33;('+$.!,&','!-#&!',+;;!$.8$+.8>!Z,+;;V!,*#&&!Q&&P'!-%,&#!,*&!0&8+..+.8V!.$.&!$%!

,*&!0-;;$$.'!;$',!+,'!$33;('+$.!%(.3,+$.-;+,1>!F*&!7+'(-;!-'A&3,!$%!,*&!0-;;$$.'!4+4!.$,!3*-.8&>!

F*&#&!Q-'!.$!'+8.!$%!3$##$'+$.!$.!5&,-;!,(0&!.$#!$.!5-8.&,+3!0-;;'>!F*&'&!A#&;+5+.-#1!#&'(;,'!

Q&#&!A#$5+'+.8>!F*&#&!5+8*,!0&!-44+,+$.-;!,&','!,$!%$#&3-',!+.7$;7+.8!5&3*-.+3-;!'B(&&@&!$.!

0-;;$$.'! Q-;;'! ,$! '+5(;-,&! .$.:',-,+3! 3$.',#-+.! -'! +.! -! %&,-;! ,#-3*&-! '(0C&3,&4! ,$! %&,-;!

#&'A+#-,$#1!5$7&5&.,'>!

 

 

 

@.;.@.! BR',Q%)+,&'(&'+Z%R&S*&OS+R'&+%,+,&&

 

K44+,+$.-;! ,&','! -#&! A;-..&4! $.! ,*&! ;-,&=! 0-;;$$.! `5&3*-.+3-;! #&'+',-.3&V! '&-;+.8V!

,#-3,+$.!,&',SaV!$.!,*&!7-;7&!`3$##$'+$.aV!-.4!$.!,*&!%+.+'*&4!A#$4(3,!`#&;&-'-0;&V!-8+.8V!-.4!

',&#+;+@-,+$.!A#$,$3$;a>!
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@.;.E.! 3Q%R"+S'*&+%,+,&&

!

F*&!$0C&3,+7&!$%!,*&'&!,&','!Q-'!,$!4&%+.&!Q*-,!A$'+,+$.!-.4q$#!5$7&5&.,!'*$(;4!0&!

4$.&!01!,*&!A-,+&.,!+.!%#$.,!$%!,*&!2DO!5-3*+.&!,$!$A&.!,*&!5-8.&,+3!7-;7&V!,*('!4&%;-,+.8!

,*&! 0-;;$$.V! Q+,*! -! \kko! -3*+&7&5&.,! #&8-#4;&''! ,*&! A$'+,+$.! $%! ,*&! %&,('>! F*&'&!

+.7&',+8-,+$.'!Q&#&!3$.4(3,&4!+.!,*&!O5-8+.8!4&A-#,5&.,!$%!Z,#-'0$(#8![.+7&#'+,1!G$'A+,-;V!

('+.8!-!"*+;+AA'!O.8&.+-!\>pF!E5&8-!G">!

!

R$#5&#! +.7&',+8-,+$.'! -.4! -! 3$(A;&! $%! ,&','! *-7&! 0&&.! 3$.4(3,&4! +.! $#4&#! ,$!

-AA#$A#+-,&;1!4&'+8.!,*&!$A&#-,+$.!,&','>!!

!

R+#',V!Q*&.!-!%+;;&4!0-;;$$.!+'!A#&'&.,&4!+.!%#$.,!$%!,*&!2DOV!,*&!0-;;$$.!5-1!4&%;-,&!+.!

'&3$.4'! 0(,! +,! 4$&'! .$,! $A&#-,&! '1',&5-,+3-;;1V! $07+$(';1! 0&3-('&! $%! ,*&! A$;-#+,1! $%! ,*&!

5-8.&,+3!0-;;V!Q*+3*!1$(!3-..$,!A#&4+3,>!O%!Q&!A&#%$#5!-!8&.,;&!\mk�!#$,-,+$.!-33$#4+.8!,$!,*&!

;$.8+,(4+.-;!-=+'!$%!,*&!0-;;$$.V!-!\kko!7-;7&!$A&.+.8!'&&5'!,$!0&!-3*+&7&4>!!

!

Z&3$.4V!,*&!%#+.8&!%+&;4!.&3&''-#1!,$!$A&.!,*&!7-;7&!'&&5'!,$!0&!0&,Q&&.!k>]!-.4!k>jF!

-'!5&-'(#&4!Q+,*!-!8-(''5&,&#V!,P"P!\k!,$!pk35!%#$5!,*&!&.,#-.3&!$%!,*&!2DO!,(..&;>!!

!

F*+#4V!Q&!A&#%$#5&4!5&-'(#&5&.,'!$%!5-8.&,+3!%+&;4!+.!%#$.,!$%!-.!2DO!'3-..&#V!Q+,*!

$#!Q+,*$(,!,*&!+.,&#A$'+,+$.!$%!-.!+.4+7+4(-;!0&,Q&&.!,*&!8-(''5&,&#!-.4!,*&!2DO>!F*&!7-;(&'!

$%! ,*&!5-8.&,+3! Q-'! .$,! 4&A&.4&.,! $.! ,*&! A#&'&.3&! $%! -! *(5-.! 0$41>! F*+'! $0'&#7-,+$.!

'(88&','!,*-,!,*&!5-8.&,+3!%+&;4!5&-'(#&4!4(#+.8!,*&'&!$A&#-,+$.!,&','!Q$(;4!0&!+4&.,+3-;!$#!

7&#1!'+5+;-#!,$!,*&!5-8.&,+3!%+&;4!$%!Q*+3*!,*&!5-8.&,+3!0-;;!+'!'(0C&3,&4!Q*+;&!+.'+4&!,*&!%&,-;!

,#-3*&->!!

!

R$(#,*V! Q&! $0'&#7&4! ,*-,! ,*&! 0-;;$$.'! 4+4! .$,! 4&%;-,&! Q*&.! A;-3&4! ;$.8+,(4+.-;;1!

+.'+4&!,*&!2DO!,(..&;>!J7&.!,*$(8*!,*&!',#$.8&',!5-8.&,+3!%+&;4!+'!+.'+4&!,*&!3$#&!$%!,*&!2DO!

'3-..&#V!!,*&!5-8.&,+3!%+&;4!+'!A-#-;;&;!,$!,*&!'&,!%$#5&4!01!,*&!5&,-;;+3!,(0&!-.4!,*&!5-8.&,+3!

0-;;V!,*('!.$,!4+'C$+.+.8!,*&!,Q$!&;&5&.,'!-.4!.$,!$A&.+.8!,*&!7-;7&>!F*+'!$0'&#7-,+$.!'(88&',!

,*-,!,*&!A$'+,+$.+.8!$%!,*&!A-,+&.,!;1+.8!$.!,*&!2DO!,-0;&!+'!.$,!;+P&;1!,$!$A&.!,*&!7-;7&!-.4!,$!

4&%;-,&!,*&!0-;;$$.>!
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R+.-;;1V!,*&!$A&#-,+$.!,&','!Q&#&!3$.4(3,&4!Q+,*!\k!'-5A;&'!$%!;-,&=!0-;;$$.'!&B(+AA&4!

Q+,*! A-#1;&.&! 3$-,&4!5-8.&,+3! 7-;7&'>! L-;;$$.'!Q&#&! +.'&#,&4! +.'+4&! n55!4+-5&,&#! 8;-''!

,(0&'!-.4!%+;;&4!Q+,*!k>n5U!$%!'-;+.&>!F(0&'!Q&#&!,*&.!'&,!$.!-!l/!#$,-,+.8!4&7+3&>!

!

4,67!"'EY9'B@'!*5$5,26'1"F,%"'(*!'*-"!$5,*2'5"#5#'

!

F*&!#$,-,+.8!4&7+3&!Q-'!A;-3&4!$.!,*&!#-+;'!$.!,*&!2DO!A-,+&.,!,-0;&>!Z-5A;&'!Q&#&!'&,!

-,!sk!35!%#$5!8#$(.4!;&7&;>!!

!

!

!
4,67!"'E89'[D?'#"55,26'(*!'*-"!$5,*2'5"#5#'

!

F*&!',(4+&4!A-#-5&,&#'!Q&#&!,*&!+5A-3,!$%!,*&!+.3;+.-,+$.!-.8;&!-.4!,*&!4+',-.3&!$%!

,*&! 0-;;$$.! %#$5! ,*&! 2DO! $.! 7-;7&! $A&.+.8>! D&8-#4+.8! ,*&! -.8;&'V! �! Q-'! ,*&! *$#+@$.,-;!

#$,-,+$.!-.8;&!`@&#$!Q-'!'&,!-;$.8!,*&!#-+;!-=+'V!%-3+.8!,*&!5-8.&,!$%!,*&!2DOa!-.4!�!Q-'!,*&!

7&#,+3-;!#$,-,+$.!-.8;&!`@&#$!Q-'!'&,!A&#A&.4+3(;-#!,$!,*&!#-+;!-=+'a>!
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α = 0° – β =0° α = 0° - β =45° α =90° - β =45° 

!
4,67!"'E>9':/$;-)"#'*('1,(("!"25'$26)"#'5"#5"1'5&$2^#'5*'5&"'!*5$5,26'1"F,%"'

!

O,!*-'!0&&.!%$#5&#;1!,&',&4!,*-,!-!7-#+-,+$.!$%!�! %#$5!k�!,$!sk�-.4!,*&.!\mk�! `,*('!

3$##&'A$.4+.8! ,$! ,*&!A-,+&.,!A#&'&.,+.8! +,'! %-3&V!A#$%+;&!-.4!0-3P! ,$! ,*&!2DOa!-;;$Q&4! ,*&!

4&%;-,+$.!$%!,*&!0-;;$$.>!�!Q$(;4!,*&.!0&!3$.'+4&#&4!%$#!,*&!7-;(&'!0&,Q&&.!k!-.4!sk�V!%$#!

&7&#1!+.3#&5&.,!-.8;&!$%!lk�V!,*('!3$7&#+.8!,*&!4+%%&#&.,!A$''+0;&!A#&'&.,-,+$.'!$%!,*&!%&,('!

,#-3*&-!+.!,*&!(,&#('!`�xk�!0&+.8!,*&!7&#,+3-;!A$'+,+$.!$%!,*&!,#-3*&-a>!

!

F*&!,&','!3$.'+',&4!+.!A#&'&.,+.8!,*&!%+;;&4!0-;;$$.'!'&,!+.!,*&!#$,-,+.8!4&7+3&!Q+,*!�xk�V!

lk�V!rk�V!-.4!sk�V!-.4!-AA;1!+%!.&3&''-#1!-!#$,-,+$.!'$!�!x!sk�!-.4!\mk�>!O.!3-'&!,*&!0-;;$$.!4+4!

.$,!4&%;-,&V!+,!Q-'!#&5$7&4!%#$5!,*&!%#+.8&!%+&;4!-.4!A#&'&.,&4!-!'&3$.4!,+5&!-33$#4+.8!,$!

,*&! '-5&! A#$,$3$;>! R$#! &-3*! A$'+,+$.! $%! ,*&! #$,-,+.8! 4&7+3&! -,! ,*&! 5$5&.,! ,*&! 0-;;$$.!

4&%;-,&4V!,*&!4+',-.3&!0&,Q&&.!,*&!#$,-,+.8!4&7+3&!-.4!,*&!2DO!Q-'!4$3(5&.,&4V!-'!Q&;;!-'!

,*&!+.,&.'+,1!$%!,*&!5-8.&,+3!%+&;4!+.4+3-,&4!01!,*&!8-(''5&,&#>!K;;!,*&'&!5&-'(#&5&.,'!-#&!

#&A$#,&4!+.!,-0;&!s>!

!

J7&.!,*$(8*!4&%;-,+$.!$%!,*&!0-;;$$.!Q-'!-3*+&7&4!+.!-;;!3-'&'V!Q&!%$(.4!,*-,!.&+,*&#!

,*&!4+',-.3&!.$#!,*&!-.8;&!$A&#-,+.8!4&%;-,+$.!Q*&#&!3$.'+',&.,>!2$#&$7&#V!+,!Q-'!.&3&''-#1!

+.!5$',!3-'&'!,$!#&5$7&!,*&!0-;;$$.!%#$5!,*&!%#+.8&!%+&;4!-.4!,$!A#&'&.,!+,!-!'&3$.4!,+5&!+.!

$#4&#!,$!3$5A;&,&!,*&!4&%;-,+$.!$%!,*&!0-;;$$.>!!

!

!

!

!

!
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β  

(°) 

sample α 

(°) 

Distance to MRI 

(cm) 

Magnetic field 

(Tesla) 

First or second 

presenting 

0 1 90 17 0.4 1 

2 0 36 0.18 2 

3 180 21 0.34 1 

4 0 36 0.18 1 

5 90 17 0.4 1 

30 1 0 13 0.45 2 

2 180 21 0.34 1 

3 0 36 0.18 2 

4 0 36 0.18 2 

5 0 36 0.18 2 

60 1 180 21 0.34 1 

2 0 36 0.18 2 

3 0 36 0.18 2 

4 0 36 0.18 2 

5 0 36 0.18 2 

90 1 0 36 0.18 2 

2 180 21 0.34 1 

3 0 13 0.45 1 

4 0 36 0.18 2 

5 0 36 0.18 2 

!
.$<)"'T9'@,#5$2%"J'$26)"'$21';$62"5,%'(,")1'5*'*<5$,2'<$))**2'1"()$5,*2'

!

K!'&3$.4!#-Q!$%!,&','!Q-'!,*&.!3$.4(3,&4>!F*&!%+;;&4!0-;;$$.'!$33;(4+.8!,*&!k>n55!

4+-5&,&#!8;-''!,(0&'!-.4!A;-3&4!+.!,&',!,(0&'!Q&#&!3-##+&4!01!-.!&=A&#+5&.,&#!-,!*+'!-04$5&.!

;&7&;>!F*&!&=A&#+5&.,&#!*-4!,$!Q-;P!(A!,$!,*&!%#$.,!$%!,*&!2DO!5-3*+.&V!&=A$'+.8!*+'!-04$5&.!

-'!3;$'&!-'!A$''+0;&!%#$5!,*&!&.,#-.3&!$%!,*&!,(..&;>!K%,&#!4$+.8!-!B(-#,&#!,(#.!+.!%#$.,!$%!,*&!

,(..&;V!*&!*-4!,$!Q-;P!-;;!-#$(.4!,*&!2DO!5-3*+.&!0&%$#&!;&-7+.8!,*&!#$$5>!K!,$,-;!$%!jk!,&','!

*-7&!0&&.! 3$.4(3,&4V!Q+,*! ,*&! ,(0&'!*&;4! -,! 4+%%&#&.,! -04$5&.! ;&7&;'! -.4!Q+,*!4+%%&#&.,!

-.8;&'!`�xk�V!lk�V!rk�V!-.4!sk�a>!

!

/&%;-,+$.! $%! ,*&! 0-;;$$.! Q-'! -3*+&7&4! +.! \kko! $%! ,*&! 3-'&'>! E.! ,$A! $%! ,*-,V! ,*&!

4&%;-,+$.! Q-'! -;#&-41! 3$5A;&,&4! *-;%:Q-1! %#$5! ,*&! Q-;P! -#$(.4! ,*&!2DO!5-3*+.&! -.4! -!

3$5A;&,&!,(#.!Q-'!.&3&''-#1!+.!$.;1!$.&!3-'&>!!
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R+.-;;1V!,*&!4&%;-,+$.!A#$,$3$;!%$#!,*&!A-,+&.,!3$(;4!,*&.!0&!4&'3#+0&4!-'!%$;;$Q>!O,!,-P&'!

A;-3&!+.!-.!2DO!&=-5+.-,+$.!#$$5>!F$!0&!.$,&4!,*-,!,*&!%#+.8&!%+&;4!$A&#-,&'!.&-#!,*&!2DO!

'+.3&! ,*&! 5-3*+.&! +'! $.V! Q+,*! .$! .&&4! %$#! -.! +5-8+.8! -3B(+'+,+$.>! F*&! A-,+&.,! 5(',! 0&!

A$'+,+$.&4!+.!%#$.,!$%!,*&!2DO!'3-..&#V!Q+,*!*&#!-04$5&.!%-3+.8!,*&!,(..&;>!F*&.!'*&!.&&4'!

,$!5-P&!-!B(-#,&#!,(#.!$.!*&#'&;%!+.!%#$.,!$%!,*&!5+44;&!$%!,*&!,(..&;!-.4!,(#.!-#$(.4!,*&!2DO!

'3-..&#!',-1+.8!3;$'&!,$!,*&!5-3*+.&>!E.!,*&!$,*&#!'+4&!$%!,*&!5-3*+.&V!$.3&!-8-+.!'*&!Q+;;!

.&&4!,$!A$'+,+$.!*&#!-04$5&.!%-3+.8!,*&!,(..&;V!5-P&!-!B(-#,&#!,(#.!+.!%#$.,!$%!,*&!5+44;&!$%!

,*&!,(..&;!-.4!,(#.!-#$(.4!,*&!2DO!5-3*+.&!$.!,*&!$,*&#!'+4&!(.,+;! ,*&!$,*&#!'+4&!$%! ,*&!

,(..&;>!F*&!A-,+&.,!'*-;;!,*&.!;&-7&!,*&!2DO!#$$5>!F*&!+;;(',#-,+$.!$%!,*+'!A#$,$3$;!+'!4+'A;-1&4!

+.!%+8(#&!jl>!

!

!

!

4,67!"'EB9'a$))**2'1"()$5,*2'-!*5*%*)'

!

!

!
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@.;.;.! /*S]"$&+%,+,&

!

E.&!%+#',!&=A&#+5&.,!$.!-!#*&'('!5$.P&1!`2-3-3-!5(;-,-a!*-'!0&&.!A&#%$#5&4!-.4!

,Q$!$,*&#'!-#&!A;-..&4>!F*&!5$.P&1'!-#&!8#$(A:*$('&4!+.!+.4$$#q$(,4$$#!%-3+;+,+&'!+.!ZOUKLJ!

A;-,&:!%$#5!`Z+5+-.!U-0$#-,$#1!J(#$A&a>!F*&1!;+7&!+.!'$3+-;!8#$(A'!`\!$#!]!-4(;,!5-;&'!-.4!j!,$!

\k!%&5-;&'a!+.!+.4$$#q$(,4$$#!%-3+;+,+&'!$%!-AA#$=+5-,&;1!jk!,$!mp!5l!%$#!,*&!+.4$$#!%-3+;+,1!

`4&A&.4+.8!$.!,*&!-.+5-;!%-3+;+,1!-.4!8#$(Aa!-.4!jk!,$!pk!5l!%$#!,*&!$(,4$$#!%-3+;+,1>!!g-,&#!

-.4! %$$4! -#&! 4+',#+0(,&4! $1' ),<,57;>! K.+5-;'! -#&! 3-A,(#&4! #&8(;-#;1! +.! $#4&#! ,$! A&#%$#5!

(;,#-'$(.4!,$!4&,&3,!A#&8.-.31!-.4!&',-0;+'*!,*&!8&',-,+$.-;!-8&>!F*&!,+5+.8!$%!'(#8&#1!Q-'!

4&,&#5+.&4! 01! (;,#-'$(.4! 5&-'(#&5&.,! $%! ,*&! 0+A-#+&,-;! 4+-5&,&#! $%! ,*&! %&,('! +.! &-#;1!

A#&8.-.31! `?$;('$.!J!dJ�a>!F*&!A#&8.-.,! %&5-;&!Q-'!3-A,(#&4!$.! ,*&!4-1!$%! ,*&!'(#8&#1>!

K%,&#!'(#8&#1V!,*&!5$.P&1!Q-'!+'$;-,&4!(.,+;!,*&!%$;;$Q+.8!5$#.+.8!-.4!Q-'!,*&.!#&,(#.&4!,$!

+,'! '$3+-;! 8#$(A>! F*&!D&8+$.-;! J,*+3'! )$55+,,&&!$.!K.+5-;! J=A&#+5&.,-,+$.! `)DJ2JKZa! -,!

Z,#-'0$(#8![.+7&#'+,1V!R#-.3&!`.(50&#!Krnl]rlra!-AA#$7&4!,*+'!',(41!+.!]k\l>!d(+4&;+.&'!%$#!

,*&!3-#&!-.4!('&!$%!,*&!5$.P&1'!-AA#$7&4!01!,*+'!+.',+,(,+$.!Q&#&!%$;;$Q&4>!

!

F*&!A#&8.-.,!#*&'('!5$.P&1!(.4&#Q&.,!RJFE!A#$3&4(#&!Q+,*!,*&!'5-#,:FE!0-;;$$.!

-,!\ls!4-1'!$%!8&',-,+$.>!F*&!5$.P&1!Q-'!%+#',!'&4-,&4!Q+,*!P&,-5+.&!`\k!58qP8V!O2a!0&%$#&!

8&.&#-;! -.&',*&'+-! Q+,*! ! A#$A$%$;! ! `p! 58qP8V! O?a! -.4! \! ,$! ]>po! +'$%;(#-.&! -%,&#! ,#-3*&-;!

+.,(0-,+$.>! ?&.,+;-,+$.! Q-'! 3$.,#$;;&4! 01! -''+',&4! 5&3*-.+3-;! #&'A+#-,+$.! -%,&#! ,#-3*&-;!

+.,(0-,+$.>! 2-,&#.-;! 0#&-,*! %#&B(&.31V! &;&3,#$3-#4+$8#-5V! "E]q")E]! 5&-'(#&5&.,V!

*-;$8&.-,&4! 8-'! -.4! ,&5A&#-,(#&!Q&#&! 3$.,+.(-;;1!5$.+,$#&4! -.4! -! *&-,+.8! 0;-.P&,!Q-'!

-AA;+&4! ,$! 5-+.,-+.! 0$41! ,&5A&#-,(#&>! 2-,&#.-;! 0;$$4! A#&''(#&! Q-'! 5$.+,$#&4! Q+,*! -!

'A*185$5-.$5&,&#>!K!'+.8;&!4$'&!$%!]o!5-#0$31;!Q-'!8+7&.!`2-#0$%;$=-3+.!]!58qP8V!O2a!

A#+$#!,$!'(#8&#1>!Y$!,$3$;1,+3!Q-'!-45+.+',&#&4>!

!

L&%$#&! '(#8&#1V! %&,-;! 5$.P&1! 3(#-#+@-,+$.! Q-'! A&#%$#5&4! 01! -.! +.,#-:5('3(;-#!

+.C&3,+$.! $%! k>]k58! 3+'-,#-3(#+(5! +.! ,*&! %&,-;! ;&8V! (.4&#! (;,#-'$(.4! 8(+4-.3&>! K%,&#!

;$3-;+@-,+$.!$%!,*&!%&,-;!*&-4!-.4!A;-3&.,-!+.!$#4&#!,$!4&,&#5+.&!,*&!$A,+5-;!&.,#1!'+,&V!p!5;!

]o!=1;$3-+.&!Q-'!+.C&3,&4!A&#3(,-.&$(';1!+.,$!,*&!51$5&,#+(5!$%!,*&!A#&8.-.,!5$.P&1!+.!!

$#4&#!!!,$!!A#$7+4&!!-44+,+$.-;!!!;$3-;!!!!-.&',*&'+->!

!
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ABSTRACT

Objective: The monkey model is the best model to investigate some physiological response to

the fetal transitory tracheal occlusion but it has never been described in Macaca monkeys.

The aim of this study was to evaluate the feasibility of fetal endoscopic tracheal occlusion
(FETO) in a non-human primate model.

Methods: Pregnant rhesus monkeys and cynomolgus were tested as a potential experimental

model for FETO in the third trimester of pregnancy, by performing fetal tracheoscopies with

and without tracheal occlusion.
Results: A total of 22 pregnancies were followed in 16 monkeys and underwent fetal surgery.

Percutaneous endoscopic access to the uterine cavity was possible in 20 cases (91%). Of these

20 pregnant monkeys, fetal tracheoscopy could be achieved in 15 cases (75%). In rhesus

monkeys, the time between the onset of endoscopy and tracheal penetration decreases as
operator experience increases. Neither maternal morbidity nor mortality was related to surgery.

Two fetal losses were possibly due to the procedure.

Conclusion: FETO is feasible in the non-human primate, which closely reflects procedures in

humans. The non-human primate model for FETO, specially the rhesus monkeys, may be useful
for future studies concerning the mechanisms related to the lung growth after transitory fetal

tracheal occlusion.
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Introduction

Congenital diaphragmatic hernia (CDH) is one of the most

common isolated fetal malformations. CDH occurs in 1/3000

to 1/5000 live births [1]. CDH is associated with hypoplasia

of both lungs, which affects airways and vessels with

subsequent pulmonary hypertension. This leads to approxi-

mately 30% neonatal mortality in tertiary centres, even though

CDH is a surgically correctable defect [2]. Promoting lung

growth during fetal life is therefore of benefit.

Fetal tracheal occlusion (TO) increases airway pressure

and prevents egress of lung fluid, leading to improved growth

of the alveolar airspace and maturation of the pulmonary

vasculature [3]. A minimally invasive approach has been

developed which is known as fetal endoscopic tracheal

occlusion (FETO) [4,5]. A thin endoscope is percutaneously

introduced into the fetal trachea in order to position a

detachable balloon between the carina and vocal cords

at between 27 and 30 weeks. The balloon is ideally removed

prenatally by fetal tracheoscopy or punctured by ultrasound-

guided needle at around 34 weeks. Several studies have shown

an improvement of neonatal survival in severe cases [6,7].

Different animal models have been used to study the

effect of TO on lung growth: sheep (Ovis aries), rabbits

(Oryctolagus cuniculus), rats (Rattus norvegicus) and mice

(Mus musculus). Every model has strengths and weaknesses

which vary depending on ethical issues, cost, animal and lung

size, surgical difficulty, abortion rates, alveolarization timing,

genome knowledge, and availability of genes and protein

sequences [3]. For this purpose, the sheep model has been

used for endoscopic TO, but unfortunately this model does not

represent entirely the same condition observed in humans

[8,9]. A non-human primate model may be a relevant

translational model for fetal surgery, especially FETO,

because both anatomy and physiology are closed to humans

[3,10]. There are only few studies evaluating fetal surgery in

monkeys and only three cases of FETO in baboons (Papio

spp) have been recently reported [11–14]. In addition, to our
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knowledge, there is no study evaluating different types of

monkey foetuses would be adequate as a FETO experimental

model. Therefore, the objective of this study was to evaluate

the feasibility of fetal surgery in non-human primates

using exclusively percutaneous fetoscopy by testing two

different models.

Methods

The monkeys (16 females from 6 reproduction groups) were

group-housed in indoor/outdoor facilities in SILABE plate-

form (Simian Laboratory Europe). They lived in social groups

(1 or 2 adult males and 4 to 10 females) in indoor/outdoor

facilities of approximately 40 to 85m3 for the indoor facility

(depending on the animal facility and group) and 40 to 50m3

for the outdoor facility. Water and food were distributed

ad libitum. Animals were captured regularly in order to

perform ultrasound to detect pregnancy and establish the

gestational age. The timing of surgery was determined by

ultrasound measurement of the biparietal diameter of the fetus

in early pregnancy (Voluson E GEÕ). Pregnant rhesus

monkeys (Macaca mulata) and cynomolgus (Macaca fasci-

cularis) underwent fetal surgery in the last third trimester of

pregnancy . Pregnant female were captured on the day of the

surgery. After surgery, they were isolated until the following

morning and were then returned to their social group. The

Regional Ethics Committee on Animal Experimentation

(CREMEAS) at Strasbourg University, France (number

AL/02/03/03/09) approved this study. Guidelines for the

care and use of the monkeys approved by this institution

were followed.

A total of 22 pregnancies (12 in rhesus and 10 in

cynomolgus monkeys) were followed in 16 monkeys and

subsequently underwent fetal surgery. Gestational dates were

interpreted by ultrasound measurement of the biparietal

diameter on average at 66± 15 days’ gestation (40 to 110).

Surgery took place on average at 133± 5 days’ gestation (124

to 144): 135 days in rhesus and 131 days in cynomolgus,

representing 81.8% of the gestational period in rhesus and

79.9% in cynomolgus monkeys, assuming gestational lengths

of 165 and 164 days respectively [15].

The pregnant monkey was first sedated with ketamine

(10mg/kg, IM) before general anesthesia with propofol

(5mg/kg, IV) and 1 to 2.5% isoflurane after tracheal

intubation. Ventilation was controlled by assisted mechanical

respiration after tracheal intubation. Maternal breath fre-

quency, electrocardiogram, PO2/PCO2 measurement, haloge-

nated gas and temperature were continually monitored and

a heating blanket was applied to maintain body temperature.

Maternal blood pressure was monitored with a sphygmoman-

ometer. A single dose of 2% marbocyl was given

(Marbofloxacin 2mg/kg, IM) prior to surgery. No tocolytic

was administered.

Before surgery, fetal monkey curarization was performed

by an intra-muscular injection of 0.15 to 0.20mg cisatracur-

ium in the fetal leg, under ultrasound guidance. After

localization of the fetal head and placenta in order to

determine the optimal entry site, 5ml 2% xylocaine was

injected percutaneously into the myometrium of the pregnant

monkey in order to provide additional local anesthesia.

Endoscopic access was performed using the modified

Seldinger technique under continuous ultrasound guidance

[16,17]. A 17G needle was first introduced into the uterine

cavity and an amnioinfusion of 200 to 300mL saline

administered. A guide wire was then introduced through the

needle and a 10 French-gauge arterial introducer set placed

over this guide. Instrument specifications for FETO procedure

followed the usual recommendations [5]. A 1.3mm fetal

tracheoscope was inserted through a 3.3mm sheath 30�-

precurved with 3 side ports (11540AA and 11540KE, Karl

Storz, Tuttlingen, Germany). A Goldbal 2 detachable balloon

(Balt, Montmorency, France) was used for TO. Retrieval

forceps (11510C, Karl Storz) and adjustable puncture stylet

(11506P, Karl Storz) were used for balloon removal.

Amnioinfusion of saline was performed during the procedure

in order to open the fetal mouth and vocal cords.

Surgical procedures involved fetal tracheoscopies, with or

without TO. When TO was performed, balloon removal was

done in the same surgery session. A single operator performed

all surgical procedures. Excessive amount of the infused fluid

was drained through the trocar after surgery, under ultrasound

guidance.

Results

Percutaneous endoscopic access inside the uterine cavity

could be performed in 20 cases (91%). Of these 20 pregnant

monkeys, fetal tracheoscopy was feasible in 15 cases (75%): 9

rhesus (90%) and 6 cynomolgus monkeys (60%). TO was

attempted in 3 rhesus monkeys; it took place without incident,

as well as the unplugging procedure.

The duration between onset of endoscopy and tracheal

penetration was on average 19± 9min (4 to 34): 17± 10min

in rhesus (4 to 35) and 22± 5min in cynomolgus (13 to 28)

monkeys. In rhesus monkeys, this duration decreased with

increasing operator experience (Figure 1). This correlation

was not replicated in the cynomolgus monkey (Figure 2).

The fetal monkey model reflects very closely human

fetal anatomy. Figure 3 shows endoscopic views of the fetal

monkey.

Gestational age at delivery was on average 158± 14 days

(131 to 203). One mother died during delivery because of

fetal malpresentation (arm dystocia). No other maternal

mortality or morbidity was observed. There were 6 cases of

Figure 1. Duration between the beginning of endoscopy and the
penetration into the trachea in fetal rhesus monkeys (first to ninth
case). In rhesus monkeys, the duration between onset of endoscopy
decreased with increasing operator experience.
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poor neonatal outcome (27%): 2 intra-uterine fetal deaths

and 4 perinatal deaths. Among these cases, only 2 fetal

losses were possibly due to the surgery (9%): one intra-uterine

fetal death in which fetal reversion was attempted during

surgery and one perinatal death for which the only pos-

sible detected cause was Staphylococcus aureus in the

neonatal lungs.

Characteristics of the animals, surgical details and

outcomes are displayed in Table 1. Comparison between

the two non-human primate models for FETO is displayed

in Table 2.

Discussion

Principal findings

Our study demonstrated that non-human primate model is

feasible to preform FETO, by showing that FETO was

successfully performed by a single port access in all cases.

Moreover, the present model, specially the Rhesus monkey,

reflected anatomy on fetoscopic views very close to the

human fetuses. In addition, FETO was performed mimicking

the human surgery by using the same instruments. We believe

that this model may be useful for future experimental studies

that will investigate (1) the mechanisms related to the fetal

growth after FETO [18], (2) the effects of early FETO [19],

and (3) the tracheal and pulmonary effects on FETO.

Exclusive percutaneous endoscopic access to the fetal

monkey with a single trocar was possible in most cases.

However, in spite of the thinness of the subcutaneous layer

and uterine wall in monkeys, percutaneous access is not that

straightforward due to tissue elasticity. The needle has to be

introduced directly, in one smooth motion, under ultrasound

guidance. Amnioinfusion of saline is necessary because

amniotic liquid is scanty in pregnant monkeys, especially in

the last third of pregnancy.

Tracheoscopy was successful in three-quarters of our

cases. It was much easier in rhesus monkeys than in

cynomolgus ones, because the larynx and trachea are wider.

When endoscopic access to the uterine cavity was successful

in rhesus monkeys, tracheoscopy failed in only one case

because of a problem of visibility due to bleeding. In contrast,

most failed tracheoscopy attempts in cynomolgus monkeys

were attributed to anatomical issues. It should be noted that

the cynomolgus is still an interesting model for fetal surgery

because of its non-seasonal breeding.

When TO was attempted it took place without incident.

It should be noted that balloon removal was performed in the

same surgery session, since the aim of this study was to

evaluate the feasibility of TO in the fetal monkey, not the

effect of TO on lung growth. We would suggest that other

animal models are more suitable for this purpose.

All fetal losses occurred in the cynomolgus group. We

assume that this mortality is partly due to a colony issue.

Indeed, this group was mostly composed of relatively elder

female primigravidas (around 10 years’ old). Three fetal

losses occurred in mature primigravidas and 2 fetal losses

in females who had had a prior fetal loss. Moreover, in a

control group of 6 monkeys from the same cynomolgus

colony, rates of poor neonatal outcome were even higher: 50%

of fetal losses and 83% of early neonatal mortality (before

7 days’ life).

Finally, in our series, only 2 fetal losses occurred, which

were possibly due to the surgery. It should be noted that in

order to avoid premature births, surgery was scheduled for the

last third trimester of pregnancy as suggested before by other

investigators using the non-human primate model for other

fetal surgical procedures [13,20].

The monkey model re�lects closely human fetal anatomy

Figure 3. Endoscopic views of the fetal monkey.

Figure 2. Duration between the beginning of endoscopy and the
penetration into the trachea in fetal cynomolgus monkeys (first to sixth
case). In cynomolgus monkeys, the duration between onset of endoscopy
doesn’t decrease with operator experience.
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Table 1. Characteristics of animals and surgeries.

Cases
Macaque

ID Subspecies
Age

(years)
Weight
(kg) Parity

Previous
fetal loss

GA at
surgery
(days) Surgical procedure

Time to
trachea
(min)

GA at
birth
(days)

Fetal
outcome

Maternal
outcome Comments

1 1 Rhesus 14.8 7.7 1 0 130 Failure of fetoscopic access NA 173 Alive Alive
2 2 Rhesus 6.0 6.2 2 0 129 Foetoscopy/tracheoscopy 35 149 Alive Alive
3 3 Rhesus 3.0 7.1 0 0 134 Foetoscopy/tracheoscopy 29 155 Alive Alive
4 4 Rhesus 18.0 6.7 5 0 139 Foetoscopy/tracheoscopy 14 164 Alive Alive
5 5 Cynomolgus 12.0 5.9 0 0 127 Foetoscopy NA 131 Perinatal death Death Arm dystocia
6 6 Cynomolgus 11.3 5.3 0 0 127 Foetoscopy/tracheoscopy 25 145 Alive Alive
7 7 Cynomolgus 9.3 5.0 0 0 132 Foetoscopy NA 158 IUFD Alive Reversion of fetus during surgery
8 8 Cynomolgus 10.6 6.3 0 0 127 Foetoscopy/tracheoscopy 20 145 Perinatal death Alive No maceration of the new-born
9 3 Rhesus 4.0 7.1 1 0 144 Foetoscopy NA 155 Alive Alive

10 6 Cynomolgus 12.0 5.3 1 0 124 Foetoscopy NA 145 Perinatal death Alive Cephalic subcutaneous hematoma
11 1 Rhesus 16.0 7.7 2 0 132 Foetoscopy/tracheoscopy 25 163 Alive Alive
12 7 Cynomolgus 10.0 5.0 1 1 135 Foetoscopy/tracheoscopy 24 158 Alive Alive
13 9 Rhesus 10.8 9.1 6 2 138 Failure of fetoscopic access NA 162 Alive Alive
14 10 Rhesus 3.9 6.1 0 0 136 Foetoscopy/tracheoscopy 13 153 Alive Alive
15 11 Rhesus 13.2 9.0 6 0 138 Foetoscopy/tracheoscopy/plug 11 163 Alive Alive
16 12 Rhesus 12.1 7.8 3 0 135 Foetoscopy/tracheoscopy 22 166 Alive Alive
17 6 Cynomolgus 12.7 5.3 2 1 139 Foetoscopy NA 156 Alive Alive
18 13 Cynomolgus 8.8 5.7 2 1 134 Foetoscopy/tracheoscopy 13 203 IUFD Alive Post-term pregnancy
19 14 Cynomolgus 13.7 6.5 1 1 133 Foetoscopy/tracheoscopy 25 159 Perinatal death Alive Staphylococcus aureus in neonate lungs
20 15 Rhesus 12.5 7.3 1 0 132 Foetoscopy/tracheoscopy/plug 4 159 Alive Alive
21 16 Cynomolgus 13.2 7.7 2 0 136 Foetoscopy/tracheoscopy 28 162 Alive Alive
22 9 Rhesus 12.9 9.1 7 2 134 Foetoscopy/tracheoscopy/plug 6 143 Alive Alive

NA: not applicable; GA: gestational age; IUFD: intra-uterine fetal death.
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Previous publications

Open fetal surgery with hysterotomy in primates was

developed in the 1980s [21–23]. Several operations have

been attempted: cystotomy, suprapubic catheterization,

relief of urethral obstruction and perineal dissection [22].

Various topics have been studied: scar formation [24],

brain development [25] and stem cell and bone transplant-

ation [26–28].

Endoscopic access in fetal monkey model was evaluated

in the 1990s [11–13]. However, this did not involve percu-

taneous endoscopic access, as it is deployed in most

current human endoscopic fetal surgical procedures: mid-

line abdominal incision and partial uterine mobilization

from the abdominal cavity were performed before endoscopic

access.

Experiments on congenital diaphragmatic hernia using the

monkey model involved in utero repair of the diaphragm [29].

This technique has been abandoned because of failure to

improve the newborn outcome and hysterotomy-induced

maternal morbidity [30].

Three cases of FETO in baboons (Papio spp) have been

recently reported [14]. Baboons have the same type of

placentation than human but these monkeys have long dog-

like muzzles that could be an issue for practicing FETO [10].

Beyond theses cases, no data have been published on

exclusively percutaneous endoscopic access for FETO using

the fetal monkey model. Only the sheep model has been used

for endoscopic FETO [8,9]. The monkey model more closely

reflects human fetal anatomy, especially in respect of the fetal

face, mouth, vocal cords and trachea.

Conclusions

Experimental FETO is feasible using a monkey model

specially using the rhesus Macaca. This non-human primate

model seems to be very similar to humans, which allows

future studies related to the anatomy and consequences of the

fetal transitory tracheal occlusion to the lung growth.
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Standardization of Sonographic Lung-
to-Head Ratio Measurements in Isolated
Congenital Diaphragmatic Hernia
Impact on the Reproducibility and Efficacy to Predict Outcomes

ongenital diaphragmatic hernia (CDH) occurs in approxi-
mately 1 per 2500 live births and is associated with high
morbidity and mortality depending on the severity of pul-

monary hypoplasia and pulmonary arterial hypertension.1–5 Accurate
prenatal assessment in fetuses with isolated CDH is of interest
because it can guide appropriate counseling and prenatal care (fetal
endoscopic tracheal occlusion, expectant management, or termi-
nation of pregnancy).6–9 The most widely used prognostic factor is
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ORIGINAL RESEARCH

Objectives—The purpose of this study was to evaluate the impact of standardization of
the lung-to-head ratio measurements in isolated congenital diaphragmatic hernia on
prediction of neonatal outcomes and reproducibility.

Methods—We conducted a retrospective cohort study of 77 cases of isolated congenital
diaphragmatic hernia managed in a single center between 2004 and 2012. We compared
lung-to-head ratio measurements that were performed prospectively in our institution
without standardization to standardized measurements performed according to a
defined protocol. 

Results—The standardized lung-to-head ratio measurements were statistically more
accurate than the nonstandardized measurements for predicting neonatal mortality
(area under the receiver operating characteristic curve, 0.85 versus 0.732; P = .003).
After standardization, there were no statistical differences in accuracy between meas-
urements regardless of whether we considered observed-to-expected values (P> .05).
Standardization of the lung-to-head ratio did not improve prediction of the need for
extracorporeal membrane oxygenation (P> .05). Both intraoperator and interoperator
reproducibility were good for the standardized lung-to-head ratio (intraclass correlation
coefficient, 0.98 [95% confidence interval, 0.97–0.99]; bias, 0.02 [limits of agreement,
–0.11 to +0.15], respectively).

Conclusions—Standardization of lung-to-head ratio measurements improves prediction
of neonatal outcomes. Further studies are needed to confirm these results and to assess
the utility of standardization of other prognostic parameters. 

Key Words—congenital diaphragmatic hernia; fetal lung; lung-to-head ratio; obstetric
ultrasound; pulmonary hypoplasia; standardization
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the sonographic measurement of the lung-to-head ratio,
which was first described for left-sided CDH before 25
weeks’ gestation.10 Its efficacy in predicting outcomes
varies substantially in different studies.10–13Recently, Jani
et al14 suggested that conflicting results might occur from
using different methods of measuring the lung-to-head
ratio. These investigators proposed the need for standard-
ization of lung-to-head ratio measurements based on ade-
quate imaging, operator training, and correction for
gestational age. However, so far, there is a paucity of data
that have examined the impact of lung-to-head ratio stan-
dardization on clinical outcomes.

Our hypothesis was that standardization of lung-to-
head ratio measurements would improve the accuracy of
predicting outcomes of fetuses with isolated CDH and
improve intraoperator and interoperator reproducibility.
The primary and secondary objectives of this study were to
evaluate the impact of standardization of lung-to-head ratio
measurements on prediction of neonatal outcomes and
reproducibility of these standardized measurements,
respectively.

Materials and Methods

Study Design
We conducted a retrospective cohort study of all patients
who underwent at least 1 prenatal sonographic scan for
fetal isolated CDH and who delivered at Texas Children’s
Hospital and were at least 6 months of life between January
2004 and July 2012. In this cohort of patients, there was
no infant 6 months or older who underwent fetal endo-
scopic tracheal occlusion. Two operators (I.S.W.B. and
R.R.), who were blinded to the neonatal outcome and each
operator’s measurements, reviewed all video clips from
comprehensive fetal sonography and measured the con-
tralateral lung areas and the lung-to-head ratios. The study
was approved (H-29006) by the Institutional Review
Board of Baylor College of Medicine.

Sonographic Measurements
We compared the lung-to-head ratio measurements that
were performed prospectively at our institution (nonstan-
dardized lung-to-head ratio) during clinical evaluation of
the patients to the lung-to-head ratio measurements that
we performed by reviewing the video clips and after adjust-
ing the images according to the proposal of Jani et al14

(standardized lung-to-head ratio measurements) for the
same fetus at the same gestational age. Only 1 sonographic
examination per patient (the first examination) was con-
sidered for analysis in this study.

The nonstandardized lung-to-head ratio measure-
ments were performed by maternal-fetal medicine spe-
cialists, radiologists, and sonographers. The lung area was
estimated by multiplication of the longest diameter of the
lung by its longest perpendicular diameter. Then, the area
of the lung was divided by the head circumference (in
millimeters).10 The observed-to-expected lung-to-head
ratio values were calculated by using nomograms reported
by Peralta et al.15

The standardized lung-to-head ratio measurements
were performed according to the following protocol
describedby Jani et al14: (1) lung measurements should be
obtained in an axial view at the level of the 4-chamber view
of the fetal heart, with the lung contralateral to the diaphrag-
matic defect close to the probe, avoiding shadows pro-
duced by the ribs; (2) the image should be frozen before
final magnification to ensure that all landmarks are clearly
visible, and the image should then be magnified so that the
axial view of the fetal thorax occupies the whole screen; and
(3) the calipers should be placed according to the method
being used to measure the lung area. For each fetus, the
lung area was estimated by 3 different techniques and
divided by the head circumference to calculate the lung-
to-head ratio: by multiplying the 2 longest perpendicular
diameters, by multiplying the anteroposterior diameter by
the perpendicular diameter located at the midpoint, and 
by manually tracing the area around the lung. These 3 meth-
odsare illustrated in Figure 1. All images were obtained from
video clips of the axial view of the fetal chest with the con-
tralateral lung close to the ultrasound probe. The images
were then frozen and magnified before measurements.
The observed-to-expected lung-to-head ratio was calcu-
lated by using nomograms reported by Jani et al14 and
Britto et al.16

Perinatal Management
In this study, there was no case of termination of pregnancy
based on state law. Therefore, the lung-to-head ratio was
not used to guide prenatal management in these cases.
All neonates were treated according to a standard perina-
tal protocol.17 All neonates underwent immediate endo-
tracheal intubation with orogastric decompression and
avoidance of bag-mask ventilation by a staff neonatologist.
Gentle mechanical ventilation using a permissive hyper-
capnia protocol was used. Escalation of ventilatory support
to a maximal peak inspiratory pressure and positive end-
expiratory pressure of 30 and 6 cm H2O, respectively, and
use of high-frequency oscillatory ventilation to a maximum
mean airway pressure of 15 cm H2O were based on pre-
established criteria. The need for extracorporeal membrane

Britto et al—Standardization of Lung-to-Head Ratio Measurements in CDH
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oxygenation (ECMO) was determined by the presence
of persistent hypoxia (preductal oxygen saturation <80%),
persistent acidosis (pH <7.2), or inadequate tissue perfusion.
The timing of surgical repair was managed according to
the infant’s physiologic stability.

Statistical Analysis
Results were reported as mean ± standard deviation unless
otherwise specified. Each method for obtaining the lung-
to-head ratio measurement was assessed as a potential pre-
dictor of 6-month neonatal mortality and need for ECMO
(primary outcome). The performances of the different pre-
dictors were evaluated by receiver operating characteristic
curve analysis, with estimation of areas under the curves
(AUCs) with 95% confidence interval (CI) and sensitivity
and specificity for the best cutoffs. Statistical comparisons
between the AUCs of the different predictors were per-
formed according to the methods of DeLong et al18

and Hanley et al.19,20 The intraoperator reproducibility and
interoperator reproducibility were analyzed by the intraclass
correlation test and Bland-Altman analysis, respectively.
P < .05 was considered statistically significant. The SPSS
version 19.0 statistical software package (IBM Corporation,
Armonk, NY) was used for all data analyses, except for
comparisons of AUCs, for which MedCalc version 11.6
software (MedCalc, Mariakerke, Belgium) was used.

Results

A total of 80 patients were identified, but 3 cases were
excluded because of inability to assess the images and video
clips adequately. Therefore, 77 fetuses with isolated CDH
were included in the study. Patients’ demographics and
characteristics were previously reported21: the mean
maternal age ± SD was 27.5 ± 5.8 years; and mean gesta-
tional ages at diagnosis and delivery were 21.9 ± 5.8 and
38.2 ± 1.9 weeks, respectively. The 6-month mortality rate
was 20.7% (16 of 77). Extracorporeal membrane oxy-
genation was used in 35.5% of neonates (27 of 76); 1 fetus
died in utero.

Table 1 demonstrates that all lung-to-head ratio meas-
urements were statistically associated with mortality and
the need for ECMO. Figures 2 and 3 show receiver oper-
ating characteristic curves for standardized and nonstan-
dardized measurements to predict mortality and the need
for ECMO, respectively.

Receiver operating characteristic analyses are shown in
Table 2. In considering prediction of mortality (Figure 2),
the standardized longest and observed-to-expected longest
lung-to-head ratio measurements were statistically more
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Figure 1. A, Two-dimensional sonogram of the longest right lung area

in a fetus with right CDH. B, Two-dimensional sonogram of the antero-

posterior right lung area in a fetus with right CDH. C, Two-dimensional

sonogram of the tracing right lung area in a fetus with right CDH.
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accurate than the nonstandardized measurements (P =
.003; P= .024). After standardization, there was no statis-
tical difference among the measurements regardless of
whether the lung-to-head ratio was adjusted for gestational
age by using the observed-to-expected lung-to-head ratio
(standardized ratio versus standardized observed-to-
expected ratio according to Jani et al14 and Britto et al16; P
= .711) or the method of measuring the contralateral lung
area (standardized longest diameter versus standardized
anteroposterior diameter versus standardized tracing area;
P> .05).

Regarding prediction of the need for ECMO, stan-
dardization of the lung-to-head ratio measurements
improved the accuracy from an AUC of 0.67 to an AUC
of 0.74. However, those differences were not statistically
significant (P> .05; Table 2 and Figure 3).

Good intraoperator reproducibility was observed
for the standardized lung-to-head ratio measurements
(anteroposterior diameter: intraclass correlation coeffi-
cient, 0.97 [95% CI, 0.95–0.98]; longest diameter: intra-
class correlation coefficient, 0.98 [95% CI, 0.97–0.99]; and
tracing area: intraclass correlation coefficient, 0.99 [95% CI,

Britto et al—Standardization of Lung-to-Head Ratio Measurements in CDH

J Ultrasound Med 2015; 34:1721–17271724

Table 1. Sample Characteristics and Results Related to Mortality and Need for ECMO in 77 Fetuses With Isolated CDH

Mortality Need for ECMO

Alive Death No Yes

Characteristic (n = 60) (n = 16) P (n = 49) (n = 27) P

Maternal age, y 27.3 ± 5.6 28.1 ± 6.8 .62 27.2 ± 6.7 27.2 ± 5.7 .97

GA at diagnosis, wk 22.4 ± 5.4 22.5 ± 5.9 .75 22.4 ± 6.1 23.0 ± 6.4 .79

Side of CDH, n

Left 53 15 44 23

Right 8 1 .68 5 4 .48

Nonstandardized longest LHR 1.82 ± 0.68 1.31 ± 0.53 <.01 1.85 ± 0.69 1.49 ± 0.60 .24

Standardized longest LHR 1.91 ± 0.70 1.15 ± 0.40 <.01 1.92 ± 0.70 1.45 ± 0.65 <.01

Standardized anteroposterior LHR 1.40 ± 0.49 0.90 ± 0.36 <.01 1.41 ± 0.49 1.11 ± 0.49 .01

Standardized tracing area LHR 1.34 ± 0.53 0.86 ± 0.37 <.01 1.35 ± 0.53 10.8 ± 0.48 .03

Nonstandardized observed-to-expected LHR 

(Peralta et al15) 0.51 ± 0.19 0.38 ± 0.19 <.01 0.51 ± 0.19 0.44 ± 0.19 .12

Standardized observed-to-expected LHR 

(Jani et al14) 0.51 ± 0.15 0.32 ± 0.12 <.01 0.52 ± 0.15 0.40 ± 0.15 <.01

Standardized observed-to-expected LHR 

(Britto et al16) 0.45 ± 0.13 0.28 ± 0.11 <.01 0.47 ± 0.14 0.35 ± 0.13 <.01

GA at birth, wk 37.0 ± 1.9 38.1 ± 1.2 .32 37.4 ± 1.5 37.9 ± 2.8 .64

Newborn weight, g 3208.0 ± 740.9 3154.2 ± 493.5 .75 3154.1 ± 713.3 3067.1 ± 497.8 .75

Age at repair, d 3 (2–8) 8 (2–18) .17 3 (1–8) 10 (2–25) .01

Data are presented as mean ± SD and median (range) where applicable. GA indicates gestational age, and LHR, lung-to-head ratio.

Figure 2. A, Receiver operating characteristic curves for prediction of 6-month neonatal mortality for standardized and nonstandardized lung-to-head

ratio (LHR) measurement methods. B, Receiver operating characteristic curves for prediction of 6-month neonatal mortality for the 3 standardized

lung-to-head ratio measurement methods. Diagonal segments are produced by ties; AP indicates anteroposterior; and o/e, observed-to-expected.
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0.98–0.99]). Good interoperator reproducibility was also
observed for the standardized measurements (anteropos-
terior diameter: bias, –0.01 [absolute limits of agreement,
–0.16 to +0.15]; longest diameter: bias, 0.02 [absolute limits
of agreement, –0.11 to +0.15]; and tracing area: bias, –0.01
[absolute limits of agreement, –0.12 to +0.10]).

Discussion

Our study demonstrates that standardization of lung-to-
head ratio measurements as proposed by Jani et al14

significantly improves prediction of mortality at 6 months

of life, independently from the method of measuring the
contralateral lung area (anteroposterior diameter versus
longest diameter versus tracing area). The standardized
observed-to-expected lung-to-head ratio measurements
were slightly more accurate in predicting the need for
ECMO than the standardized lung-to-head ratio meas-
urements (without adjusting the expected value for specific
gestational age), albeit the difference did not reach statis-
tical significance. To our knowledge, a study evaluating the
utility of a standardization protocol for measuring the lung-
to-head ratio has not been reported previously.

Prediction of the prognosis in CDH assists in coun-
seling parents, helps in the selection of cases that may ben-
efit from fetal surgery, and determines the choice of a
specialized medical center for delivery and neonatal care.22

Neonatal mortality is associated with severe pulmonary
hypoplasia; therefore, it is important to measure fetal lung
size by 2-dimensional sonography, 3-dimensional sonog-
raphy, or magnetic resonance imaging (MRI).

Three-dimensional sonographic and MRI measure-
ments of total fetal lung volumes might predict outcomes
more accurately than the lung-to-head ratio and other 2D
sonographic ratios.23–25 Both 3D sonography and MRI
have their own advantages: 3D sonography is less expen-
sive and allows longitudinal monitoring, whereas MRI may
be less operator dependent and may allow a better evalua-
tion of liver-related parameters. However, 2D sonography
is still of interest, as it is more frequently available.

The most widely used 2D sonographic prognostic
factor is the lung-to-head ratio, but its efficacy in predicting
outcome varies in different studies.10–13 Therefore, stan-
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Figure 3.  Receiver operating characteristic curves for prediction of the

need for ECMO for standardized and nonstandardized lung-to-head

ratio (LHR) measurement methods. Diagonal segments are produced

by ties; o/e indicates observed-to-expected.

Table 2. Sensitivity, Specificity, and AUC for Each Lung-to-Head Ratio Measurement Method

Measurement Method Sensitivity/Specificity, % AUC (95% CI)

6-mo mortality

Nonstandardized longest LHR 62.5/76.7 0.72 (0.59–0.86)

Nonstandardized observed-to-expected longest LHR (Peralta et al15) 87.5/67.2 0.73 (0.59–0.88)

Standardized Longest LHR 75.0/85.2 0.85 (0.75–0.96)

Standardized observed-to-expected longest LHR (Jani et al14) 87.5/72.1 0.86 (0.75–0.97)

Standardized observed-to-expected longest LHR (Britto et al16) 93.7/68.9 0.85 (0.73–0.96)

Standardized anteroposterior LHR 75.0/80.3 0.82 (0.69–0.95)

Standardized tracing area LHR 81.2/70.5 0.81 (0.68–0.94)

Need for ECMO

Nonstandardized longest LHR 85.2/67.9 0.69 (0.57–0.81)

Nonstandardized observed-to-expected longest LHR (Peralta et al15) 70.4/67.3 0.67 (0.54–0.81)

Standardized longest LHR 74.1/75.5 0.75 (0.63–0.86)

Standardized observed-to-expected longest LHR (Jani et al14) 81.5/61.2 0.74 (0.62–0.85)

Standardized observed-to-expected longest LHR (Britto et al16) 81.5/59.2 0.74 (0.63–0.85)

Standardized anteroposterior LHR 77.8/61.2 0.72 (0.60–0.84)

Standardized tracing area LHR 70.4/73.5 0.71 (0.59–0.83)

LHR indicates lung-to-head ratio.
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dardization of the lung-to-head ratio measurement technique
is of interest.14 Our study demonstrates that standardi-
zation significantly improves prediction of mortality.
Interestingly, we found that standardization mattered even
more than the choice of the lung-to-head ratio measure-
ment technique itself. Indeed, there was no difference in the
mortality predictions made by each method (anteroposte-
rior diameter versus longest diameter versus tracing area).

Some studies in the literature have suggested that the
lung-to-head ratio varies throughout gestational age; there-
fore, the use of an observed-to-expected ratio has been pro-
posed.15,26 However, our study demonstrated that there was
no statistical difference in predicting outcomes among the
standardized measurements regardless of whether we con-
sidered the observed-to-expected measurements. In addition,
longitudinal studies demonstrated that even the observed-
to-expected lung-to-head ratio seems to vary throughout
gestational age, suggesting that there is no need to adjust
the measurements for gestational age.27,28 Additionally,
it seems that evaluating the fetal total lung volumes
(observed-to-expected total fetal lung volume ratio) has
better accuracy for predicting outcomes (mortality and
need for ECMO) than 2D sonographic measurements.23,29

In this study, standardization of the lung-to-head ratio
did not improve prediction of the need for ECMO.
Evidently, measurement of lung size does not accurately
predict the use of ECMO. This idea might be explained by
the fact that, regardless of the method by which lung size is
evaluated, we are not considering future lung function or pul-
monary arterial hypertension. Evaluation of vasculature and
pulmonary arterial hypertension with 2D and 3D Doppler
studies may be a better option for predicting pulmonary arte-
rial hypertension, as some authors have proposed.30–32

Among the different methods for measuring the lung
area using 2D sonography, tracing has been considered the
most reproducible.33 However, in our experience, all 3
methods for measuring the lung-to-head ratio (longest
diameter versus anteroposterior diameter versus tracing area)
had similar predictive values and reproducibility after stan-
dardization in our cohort of fetuses, suggesting that they
can be used with similar results. In our opinion, we think
that the tracing area seems to be easier to perform, since it
can provide the area value directly, and it may be more
reproducible in a larger population.

The strength of this study was that we tested the
hypothesis that standardized lung-to-head ratio meas-
urements might improve the reproducibility and accu-
racy of predicting outcome in fetuses with isolated CDH.
However, this study’s limitations include the retrospective
design. Despite the retrospective nature of the study, we

were able to obtain adequate images from video clips, since
acquisition of a video clip of the fetal chest in an axial view
is part of the standard sonographic examination in our cen-
ter. To avoid bias, the operator measured the lung sizes on
images from video clips without knowing the outcomes of
any of the fetuses.

In conclusion, we have shown that standardization of
lung-to-head ratio measurements improves prediction 
of neonatal outcomes. Further prospective studies are nec-
essary to confirm these results in other patient cohorts and
to assess the utility of standardization of other prognostic
parameters.
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Growth Patterns of Fetal Lung Volumes
in Healthy Fetuses and Fetuses With
Isolated Left-Sided Congenital
Diaphragmatic Hernia

ongenital diaphragmatic hernia (CDH) occurs in approxi-
mately 1 per 2550 live births and can be accurately diagnosed
by second-trimester sonography.1,2Neonatal mortality and

morbidity in cases with isolated CDH depend on the severity of
pulmonary hypoplasia and pulmonary arterial hypertension. Fetal
tracheal occlusion has been proposed to prevent these complica-
tions in severe forms of the disease, increasing neonatal survival.3–9

Since pulmonary hypoplasia is defined as a decrease in the size
of the lungs, different methods for evaluating fetal lung size have
been used to predict outcomes in fetuses with CDH.10–20 The most
frequently used measurement is the lung-to-head ratio, determined
by 2-dimensional sonography, in which the contralateral lung area
is divided by the head circumference.8,21–23However, lung-to-head
ratio measurements vary with menstrual age in healthy fetuses and
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ORIGINAL RESEARCH

Objectives—To evaluate fetal lung growth using 3-dimensional sonography in healthy
fetuses and those with congenital diaphragmatic hernia (CDH). 

Methods—Right and total lung volumes were serially evaluated by 3-dimensional
sonography in 66 healthy fetuses and 52 fetuses with left-sided CDH between 20 and
37 weeks’ menstrual age. Functions fitted to these parameters were compared for 2 groups:
(1) healthy versus those with CDH; and (2) fetuses with CHD who survived versus
those who died.

Results—Fetal right and total lung volumes as well as fetal observed-to-expected right
and total lung volume ratios were significantly lower in fetuses with CDH than healthy
fetuses (P< .001) and in those fetuses with CDH who died (P< .001). The observed-to-
expected right and total lung volume ratios did not vary with menstrual age in healthy
fetuses or in those with CDH (independent of outcome).

Conclusions—Lung volume rates were lower in fetuses with left-sided CDH compared
to healthy fetuses, as well as in fetuses with CDH who died compared to those who survived.
The observed-to-expected right and total lung volume ratios were relatively constant
throughout menstrual age in fetuses with left-sided CDH, suggesting that the origin
of their lung growth abnormalities occurred before 20 weeks and did not progress.
The observed-to-expected ratios may be useful in predicting the outcome in fetuses
with CDH independent of menstrual age.

Key Words—congenital diaphragmatic hernia; fetal lung; fetal lung volume; obstetric
ultrasound; prenatal diagnosis; pulmonary hypoplasia; 3-dimensional sonography

doi:10.7863/ultra.15.08005
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those with CDH; therefore, investigators suggested the use
of observed-to-expected lung-to-head ratio measurements
to avoid the influence of menstrual age.15 In contrast, our
recent longitudinal study demonstrated that both lung-to-
head ratio measurements and observed-to-expected lung-
to-head ratio measurements varied differently with
menstrual age when healthy fetuses were compared to
those with CDH.24

The fetal lung size can also be measured by calculating
the total fetal lung volumes using 3-dimensional (3D)
sonography or magnetic resonance imaging and can also
be expressed as an observed-to-expected ratio in order to
avoid the influence of the menstrual age (observed-to-
expected fetal lung volume). To date, a few studies evalu-
ated 2 fetal lung volume measurements (second and third
trimesters), but to our knowledge, there are no published
studies that have evaluated lung volume growth patterns
in fetuses with CDH in comparison to healthy fetuses with
longitudinal consecutive measurements in the same fetus.
Our study investigated the growth patterns of fetal lung
volumes in isolated cases of left-sided CDH compared to
healthy control fetuses with respect to severity and mor-
tality, considering longitudinal measurements of fetal
lung volumes.

Materials and Methods

Sample
Fetal lung volumes were measured in 66 randomly selected
healthy fetuses and 52 consecutive fetuses with isolated
left-sided CDH every 2 or 4 weeks, depending on maternal
availability, between 20 and 37 weeks’ menstrual age
(January 2004 and December 2010). No fetal surgery was
performed in those patients. Inclusion criteria were as fol-
lows: (1) singleton pregnancy; (2) live fetus with normal
fetal morphologic findings or diagnosis of isolated left-sided
CDH (normal fetal karyotype and absence of other struc-
tural anomalies); (3) no fetal surgery; (4) more than 3 lung
sonographic examinations with intervals varying from 2 to
4 weeks; and (5) menstrual age confirmed by first-trimester
measurement of the crown-rump length.25 Only fetuses
with left-sided CDH who had more than 3 sonographic
examinations starting in the second trimester were
included from 108 fetuses with prenatal diagnosis of CDH
previously reported.8 All healthy fetuses had normal
weights at birth. The Institutional Review Board approved
this study. Pregnant patients were informed that study
results would not be used to modify their perinatal man-
agement. The perinatologists, sonographers, and surgeons
in charge were not given information on lung evaluations. 

Sonographic Evaluation 
Each fetus was evaluated every 2 or 4 weeks (depending on
patients’ availability) by 3D sonography using a Voluson
E8 system (GE Healthcare, Milwaukee, WI) with a 4–
8-MHz transabdominal transducer. Right and total fetal
lung volumes were measured by Virtual Organ Computer-
Aided Analysis software (SonoView software; GE Health-
care) as described previously14,26–29 and compared to the
expected values for menstrual age (based on a nomogram
described previously)28,30 by calculating the observed-to-
expected right lung volume ratio and observed-to-expected
total lung volume ratio.

Perinatal Management of Fetuses With CDH
All fetuses with a prenatal diagnosis of isolated CDH were
followed in our fetal medicine unit and were delivered in
our children’s hospital. All neonates were treated accord-
ing to the same protocol that was described previously.8

Briefly, all infants immediately underwent intubation and
ventilator support in the delivery room and were trans-
ferred to the neonatal intensive care unit with high-
frequency oscillatory ventilation when necessary, followed
by delayed CDH repair after hemodynamic stabilization.
The treatment protocol did not include extracorporeal
membrane oxygenation (ECMO). Inhaled nitric oxide
was administered in cases of persistent pulmonary arterial
hypertension. 

Statistical Analysis
The size parameters characterized in this study were 
the right lung volume, total lung volume, observed-
to-expected right lung volume ratio, and observed-to-
expected total lung volume ratio. The relationship between
the right and total lung volume was determined by the
Pearson correlation coefficient. All parameters were loge
transformed to normalize their distributions. Functions of
menstrual age were obtained by using the best-fitting frac-
tional polynomials. For each parameter, the model fit was
assessed by the significance of the best-fitting fractional
polynomial, residual diagnostic test, 2-log likelihood, Akaike
information criterion, and Bayesian information criterion.
The observed-to-expected total and right lung volume
ratios were fitted by using a linear function, whereas for the
total and right lung volume, linear and quadratic functions,
respectively, gave optimal fits.

We used generalized linear mixed models (Proc Glimmix;
SAS Institute Inc, Cary, NC), with random intercepts and
slopes, to generate growth curve models in healthy fetuses
and those with CDH. The sets of 3 (2 if linear) coefficients
for the fitted curves served to represent the mean curve for
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each group or subgroup.31Sets of coefficients for different
curves were compared by the SAS Contrast procedure and
the F test. Growth curves were compared in the following
groups: (1) healthy fetuses versus fetuses with CDH; and
(2) survivals versus deaths (mortality at 6 months of age)
among neonates with CDH. Adjustments for multiple non-
independent comparisons were made by the Bonferroni
method (significance, P< .0167). Furthermore, we used the
Estimate procedure in SAS to examine whether the pat-
terns of the study parameters (right lung volume, total lung
volume, observed-to-expected right lung volume ratio, and
observed-to-expected total lung volume ratio) within
each group (CDH or healthy fetuses) changed signifi-
cantly over gestational age (if the slope was significantly
different from 0). Intraoperator and interoperator vari-
ability was evaluated in 30 randomly selected 3D volu-
metric images by the intraclass coefficient test and
Bland-Altman analysis. P < .05 was considered significant
in independent comparisons. All analyses were performed
with SAS version 9.3 software. 

Results

Serial fetal lung measurements were obtained in 66 healthy
fetuses (total of 284 ultrasound scans; median number of
examinations per fetus, 4; range, 3–7; median menstrual
age at first sonographic examination, 24 weeks; range, 21–
24 weeks) and in 52 fetuses with isolated left-sided CDH
(total of 242 ultrasound scans; median number of exami-
nation per fetus, 4; range, 3–7; median menstrual age at
first sonographic examination, 24 weeks; range, 20–24
weeks).

The mean maternal age ± SD was 24.2 ± 6.5 years; 41
patients (34.8%) were nulliparous, whereas 77 had 2 or more
previous children. Regarding fetal sex, 63 fetuses (53.4%)
were male, whereas 55 (46.6%) were female.

In this study, 25 fetuses had severe forms of left-sided
CDH; 18 had moderate forms; and 9 had mild forms.
Twenty-nine neonates with CDH died, whereas 23 survived.
As mentioned before, only fetuses with more than 2 meas-
urements starting before 25 weeks were included in this
analysis. 

Longitudinal Growth of Lung Volumes as a Function of
Menstrual Age in Healthy Fetuses and Those With CDH
Fetuses with CDH had significantly smaller fetal lung
volumes (total lung volume, right lung volume, observed-
to-expected right lung volume ratio, and observed-to-
expected total lung volume ratio) than healthy fetuses
(P< .001; Figure 1). Considering the growth pattern, both

healthy fetuses and those with CDH had significant lung
growth for right and total lung volumes as a function of
menstrual age (Figure 1, A and B). The observed-to-
expected right and total lung volume ratios did not vary with
menstrual age in the healthy fetuses (observed-to-expected
right lung volume ratio: slope estimation, –0.000055;
P = .99; and observed-to-expected total lung volume ratio:
slope estimation, 0.00015; P = .80) and in fetuses with
CDH (observed-to-expected right lung volume ratio:
slope estimation, –0.00015; P = .82; and observed-to-
expected total lung volume ratio: slope estimation, –0.0008;
P= .89; Figure 1, C and D). There was no statistical differ-
ence when comparing the slopes of observed-to-expected
right and total lung volume ratios between the healthy and
CDH groups (observed-to-expected right lung volume
ratio: F = 0.17; P = .68; and observed-to-expected total
lung volume ratio: F = 0.03; P = .87). However, the inter-
cepts of observed-to-expected right and total lung volume
ratios were significantly different between the healthy
group (observed-to-expected right lung volume ratio:
0.9365; and observed-to-expected total lung volume ratio:
0.5585) and CDH group (observed-to-expected right lung
volume ratio: 0.5323; observed-to-expected total lung vol-
ume ratio: 0.3260; observed-to-expected right lung volume
ratio: F= 238.03; P< .0001; and observed-to-expected total
lung volume ratio: F= 230.74; P< .0001).

Longitudinal Growth of Lung Measurements in Fetuses
With CDH Based on Outcome
Figure 2 shows fetal right and total lung volume growth as
a function of menstrual age in CDH cases with or without
mortality. Fetuses who died had significantly smaller vol-
umes on average than those who survived (P < .001).
Concerning growth patterns, both right and total lung vol-
umes increased significantly in fetuses who died (Figure 2,
A and B). The observed-to-expected right and total lung
volume ratios did not vary with menstrual age in fetuses
with CDH who died (observed-to-expected right lung
volume ratio: slope estimation, –0.0039; P = .26; and
observed-to-expected total lung volume ratio: slope esti-
mation, 0.0004; P = .62) and survived (observed-to-
expected right lung volume ratio: slope estimation,
0.00034; P= .52; and observed-to-expected total lung vol-
ume ratio: slope estimation, –0.0011; P = .36; Figure 2,
C and D). There was no statistical difference in slope com-
parison between survivors and nonsurvivors (observed-to-
expected right lung volume ratio: F = 1.60; P = .21; and
observed-to-expected total lung volume ratio: F = 1.17;
P= .28). However, the intercepts of observed-to-expected
right and total lung volume ratios were significantly differ-
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ent between survivors (observed-to-expected right lung
volume ratio: 0.5860; and observed-to-expected total
lung volume ratio: 0.4029) and nonsurvivors (observed-
to-expected right lung volume ratio: 0.5004;
observed-to-expected total lung volume ratio: 0.2812;
observed-to-expected right lung volume ratio: F= 22.97;
P < .0001; and observed-to-expected total lung volume
ratio: F= 38.90; P< .0001).

A good correlation was observed between right and
total lung volumes (Pearson correlation coefficient,
=0.972; P< .001). Good intraoperator reproducibility was
observed for right lung volumes (intraclass correlation
coefficient, 0.99 [95% confidence interval, 0.98–0.99]; and
bias, 0.10 [limits of agreement, –0.87 to +1.07]) and for
total lung volumes (intraclass correlation coefficient,

0.99 [95% confidence interval, 0.98–0.99]; and bias, –0.08
[limits of agreement, –1.82 to +1.65]). Good interoperator
reproducibility was observed for right lung volumes
(intraclass correlation coefficient, 0.96 [95% confidence
interval, 0.95–0.99]; and bias, –0.02 [limits of agreement,
–1.94 to +1.90]) and for total lung volumes (intraclass cor-
relation coefficient, 0.95 [95% confidence interval, 0.94–
0.98]; and bias, –0.21 [limits of agreement, –1.80 to +1.39]).

Discussion

This longitudinal study provides unique information about
growth patterns of fetal lung volumes measured by 3D
sonography in healthy fetuses and those with isolated
left-sided CDH who did not undergo fetal intervention.

Ruano et al—Longitudinal Fetal Lung Volumes in Congenital Diaphragmatic Hernia
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Figure 1. A, Growth curves for the observed right lung volume (orlv) in healthy fetuses and those with CDH. B, Growth curves for the observed total

lung volume (otlv) in healthy fetuses and those with CDH. C, Growth curves for the observed-to-expected right lung volume ratio (oerlv) in healthy

fetuses and those with CDH. D, Growth curves for the observed-to-expected total lung volume ratio (oetlv) in healthy fetuses and those with CDH.

GA indicates gestational age.
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This study demonstrates that fetal right and total lung
volumes grow throughout menstrual age in healthy fetuses
and those with CDH.

Our study of the observed-to-expected, which is a
measure of the difference in average growth rates before
the time of measurement in observed and reference pop-
ulations (expressed as a decimal fraction of the reference
growth rate; Appendix), indicated no change with men-
strual age during the 20- to 35-week interval for either right
or total lung volume. The observed average growth rate of
healthy fetuses is much closer to that in the reference
sample for right lung volume than it is for total lung vol-
ume, even in the same fetuses.

Our findings that the observed-to-expected ratios
did not vary as a function of menstrual age confirm the

hypothesis that the observed-to-expected right and total
lung volume ratios can be used clinically to evaluate fetal
lung size and growth independent of fetal age. This study
also confirms previous observations reported in the litera-
ture that fetuses with CDH have consistently lower values
for observed-to-expected right and total lung volume ratios
compared to their healthy counterparts, and fetuses with
more severe forms of CDH resulting in death had even
more significantly reduced observed-to-expected right and
total lung volume ratio values. This study did not aim to
evaluate cutoffs for the observed-to-expected right and
total lung volume ratios to predict survival, since they have
been reported previously.13,26

In addition to the clinical implications, our results also
provide further information regarding the physiopatho-

J Ultrasound Med 2016; 35:e47–e54 e51

Ruano et al—Longitudinal Fetal Lung Volumes in Congenital Diaphragmatic Hernia

Figure 2. A, Growth curves for the observed right lung volume (orlv) in fetuses with left-sided CDH according to outcome. B, Growth curves the

observed total lung volume (otlv) in fetuses with left-sided CDH according to outcome. C, Growth curves for the observed-to-expected right lung vol-

ume ratio (oerlv) in fetuses with left-sided CDH according to outcome. D, Growth curves for the observed-to-expected total lung volume ratio (oetlv)

in fetuses with left-sided CDH according to outcome. GA indicates gestational age..
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logic characteristics of the disease. The absence of changes
in the observed-to-expected right and total lung volume
ratios over the 20- to 35-week menstrual age interval
suggests that the severity of pulmonary hypoplasia does
not progress and that disease severity may be determined
very early in pregnancy. A similar observation was reported
recently; in 2015, Coleman et al32 reported a study in which
lung volumes were measured in the same fetus twice
(initially at 20–30 weeks and then after 30 weeks), and
they found that the observed-to-expected total lung
volume ratio did not change in these 2 measurements.
They clearly stated: “observed-to-expected total lung
volume demonstrated no specific change pattern.”32

However, in another recent study, Hagelstein et al33

showed that the observed-to-expected total lung volume
ratio measured on magnetic resonance imaging decreased
by an average of 9% in 61% of fetuses, increased by an
average of 7% in 26% of the cases, and stayed stable in
13% of cases but without any correlation with survival.
These results, different from those reported by Coleman
et al32 and this study, seem to be due to 2 main raisons: (1)
different nomograms were used to generate the expected
values; and (2) most of the last measurements in fetuses
with CDH in the study by Hagelstein et al33were after 35
weeks, whereas the nomogram by Rypens et al34 that was
used to generate the observed-to-expected total lung vol-
ume ratio had only a few cases after 35 weeks. In addition,
both studies only evaluated 2 points on the fetal lung growth
trajectory, whereas our study evaluated the fetal lung
growth patterns at 4 time points (median, 4; range, 3–7).

To our knowledge, no previously published studies
have characterized lung volume growth patterns with serial
measurements or have compared observed-to-expected
fetal lung volume ratios in healthy fetuses and those with
CDH (who did not undergo fetal intervention) using lon-
gitudinal measurements. This study also evaluated these
ratios in fetuses with CDH who had different outcomes
(survival and mortality) for the first time. Further longitu-
dinal investigations beginning in the first trimester (or even
before 20 weeks’ gestation) will be necessary to evaluate
when this process starts and to determine whether earlier
intervention is possible.

In our study, we observed a strong correlation between
right and total lung volumes, which was expected, since the
right lung volume is part of the total lung volume. The repro-
ducibility of fetal lung volume measurements by 3D sonog-
raphy has also been extensively reported.14,23,26,28,30,35,36

Although it was not the primary objective of this study, we
observed good reproducibility of fetal lung volumes using
our method. Measuring the ipsilateral lung volumes is espe-

cially challenging with this technique, which requires oper-
ator expertise and training.17,23,35Fetal magnetic resonance
imaging may have less operator variability and may be more
reproducible than 3D sonography, despite the fact that pre-
vious studies reported by expert operators demonstrated a
good level of agreement between these methods.14,37Mag-
netic resonance imaging has more clinical applications in ter-
tiary centers where fetuses with CDH are treated.14,38–40

This study provides novel information on the growth
patterns of fetal lung volumes measured by 3D sonography.
Our results provide novel insight into the variation and
growth of the observed-to-expected right and total lung vol-
ume ratios in both healthy fetuses and those with CDH.
However, this study did not evaluate 2 aspects: (1) fetuses
with right-sided CDH were excluded because we believe that
our hypothesis should be tested separately in fetuses with
right-sided CDH; and (2) the liver position (herniation) was
not considered, since our goal was to investigate changes in
lung volume in fetuses with isolated left-sided CDH in com-
parison to healthy fetuses independent of herniated organs.
We will investigate the variation in the amount of liver herni-
ation into the fetal chest throughout gestation as well as its
impact on fetal lung volume growth. However, further longi-
tudinal studies are necessary to establish whether the amount
of liver herniation varies with menstrual age.

One criticism of this study may be the fact that our
neonates were not treated with the ECMO after birth.
The benefits of ECMO in neonates with CDH still need
scientific confirmation. However, this study did not aim to
evaluate whether fetal lung growth could predict outcomes
but, rather, aimed to evaluate fetal lung growth patterns in
healthy fetuses and those with CDH. This study provided
evidence that those ratios (observed-to-expected right lung
volume ratio and observed-to-expected total lung volume
ratio) did not change throughout pregnancy, independent
of outcome. Therefore, the results of this study would not
be influenced by whether ECMO was used.

In conclusion, the observed-to-expected right lung
volume ratio and observed-to-expected total lung volume
ratio do not show significant variations between 20 and 35
weeks, so they can be used to evaluate the severity of left-
sided CDH independent of fetal age.

Appendix: Ratio of Observed and Expected
Measurements as a Measure of the Ratio of
Observed and Expected Growth Rates

At some menstrual age after the last menstrual period date
(menstrual age = 0), the lung can be identified micro-
scopically. At this age, the lung volume can be considered
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equal to 0 (it will not be 0 but very close to it). This men-
strual age (MA0) is called the 0 point or start point.

An estimate of an individual menstrual age (MA0i)
can be obtained if one assumes approximate linear growth
in the first and second trimesters. A linear function can be
fit to the second trimester cube root values of the right
lung volume or total lung volume measurements and
the resulting line extrapolated back to where it crosses the
menstrual age axis. In the reference group, the MA0i values
can be determined for each fetus and averaged to give an
MA0R value.

At any subsequent time point, say, 30 weeks (MA30)
in a given individual, we have a measured observed right
lung volume value (o-RLV30i) and an expected right lung
volume value (e-RLV30), the latter being the expected value
at 30 weeks derived from a reference sample. The o-RLV30i
is the result of a growth process occurring between MA0i
and MA30. The e-RLV30 can be considered to be the value
obtained from a fetus growing along the 50th percentile
line of the reference sample from MA0R to MA30.

The average right lung volume growth rates (avRLV gr)
between MA0i or MA0R and MA30 are:

av o-RLV gri = (o-RLV30i – 0)/(MA30 – MA0i) = 
o-RLV30i /(MA30 – MA0i);

av e-RLV gr= (e-RLV30 – 0)/(MA30 – MA0R) = 
e-RLV30/(MA30 – MA0R).

The ratio of average growth rate is:

av o-RLV gri/av e-RLV gr= [o-RLV30i/(MA30 – 
MA0i)]/[e-RLV30/(MA30 – MA0R)].

If MA0i= MA0R:

av o-RLV gri /av e-RLV gr= o-RLV30i/e-RLV30 .

Differences between MA0i and MA0R might be
expected to have a greater effect early in pregnancy when
the MA-MA0 interval is shorter. However, individual plots
of the observed-to-expected values for right lung volume
and total lung volume (Figures 1C, 1D, 2C, and 2D) do
not show clear evidence of such an effect.
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Abstract

Objective: To evaluate the independent association of fetal pulmonary response and

prematurity to postnatal outcomes after fetal tracheal occlusion for congenital diaphragmatic

hernia.
Methods: Fetal pulmonary response, prematurity (537 weeks at delivery) and extreme

prematurity (532 weeks at delivery) were evaluated and compared between survivors and

non-survivors at 6 months of life. Multivariable analysis was conducted with generalized linear

mixed models for variables significantly associated with survival in univariate analysis.
Results: Eighty-four infants were included, of whom 40 survived (47.6%) and 44 died (52.4%).

Univariate analysis demonstrated that survival was associated with greater lung response

(p¼0.006), and the absence of extreme preterm delivery (p¼0.044). In multivariable analysis,

greater pulmonary response after FETO was an independent predictor of survival (aOR 1.87,
95% CI 1.08–3.33, p¼0.023), whereas the presence of extreme prematurity was not statistically

associated with mortality after controlling for fetal pulmonary response (aOR 0.52, 95% CI 0.12–

2.30, p¼0.367).

Conclusion: Fetal pulmonary response after FETO is the most important factor associated with
survival, independently from the gestational age at delivery.
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Introduction

Congenital diaphragmatic hernia (CDH) occurs in �1 in 2500

live births and is associated with high rates of neonatal

mortality, especially in cases with severe pulmonary hypo-

plasia and abnormal pulmonary vasculature [1–4]. Fetal

endoscopic tracheal occlusion (FETO) improves survival due

to lung growth and decrease of pulmonary arterial hyperten-

sion [5–8].

Fetal lung size and position of the liver relative to the

diaphragm are both predictors of neonatal outcome in CDH

cases being considered for prenatal assessment for FETO

[9,10]. Predicting neonatal survival after FETO is of interest

as well for prenatal counseling of the parents and for planning

adequate perinatal care. Several studies have suggested that

FETO promotes fetal pulmonary growth that seems to be

associated with increased survival [7,11,12]. On the other

hand, FETO is associated with preterm premature rupture of

membranes and prematurity [5,6,8–10]. Prematurity has been

associated with poor prognosis in infants with CDH without

FETO [13,14]. Recent studies have suggested that prematurity

is also associated with increased mortality in fetuses with

CDH undergoing FETO [9,15,16]. However, no study has so

far evaluated the influence of the fetal pulmonary response

and prematurity on postnatal outcomes after FETO.

Our hypothesis is that the survival of fetuses with CDH

that undergo FETO is more influenced by the fetal pulmonary

response to the procedure than the gestational age at delivery.

Therefore, the objective of this study was to evaluate the

impact of these two factors simultaneously and independently

in a multicenter cohort of fetuses that underwent FETO.

Materials and methods

Study design

This was a retrospective cohort study of all patients who

underwent FETO for CDH, between 2002 and 2014, and who

delivered in three regional centers (Sao Paulo, Brazil;

Barcelona, Spain and Strasbourg, France). Eighty-four fetuses
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with isolated and severe congenital diaphragmatic hernia that

underwent fetal intervention were evaluated {48 fetuses from

Sao Paulo, Brazil (43 fetuses were reported in previous

studies [6–8]), 30 patients from Barcelona, Spain (20 were

reported before [17,18]) and 6 from Strasbourg, France (no

cases reported before)}. Inclusion criteria were: absence of

chromosomal or major structural anomalies, lung-to-head

ratio51.0 (or observed-to-expected lung-to-head ratio50.25)

and at least one-third of liver herniation into fetal chest based

on prenatal imaging [5–9]. The local institutional review

boards approved the study and all patients had informed

consent.

Fetal endoscopic tracheal occlusion

FETO was performed similarly in all institutions using a

previously described technique between 22 and 30 weeks

[3,5,6,8]. Briefly, fetal intervention was performed under

maternal regional or local anesthesia and fetal systemic

anesthesia, using a 1.0-mm (11510A; Karl Storz, Tuttlinglen,

Germany), 1.2-mm (11530AA; Karl Storz) or 1.3-mm

(11540AA; Karl Storz) fetoscope. Direct visualization of the

fetal trachea was achieved in all cases prior to occlusion by a

detachable balloon filled with saline (GOLDBAL 2 or 4; Balt,

Montmorency, France) [4,6,8,15,16]. Fetal intervention was

performed by R. Ruano in Brazil, J.L. Peiro and E. Carreras in

Spain and J. Deprest in Belgium (cases from France).

Fetal lung assessment

Fetal lung parameters were evaluated immediately before

fetal surgery and every 2 weeks following FETO, using a

Voluson 730 or E8 ultrasound machine (GE Medical Systems,

Zipf, Austria). Lung-to-head ratio and observed-to-expected

lung-to-head ratio were measured for the contralateral lung

for all fetuses in the present series, at the level of the four-

chamber heart view, using two-dimensional ultrasonography

[19,20]. The observed-to-expected lung-to-head ratio was

calculated by measuring the ratio between the lung area and

the head circumference compared with the expected value for

gestational age [21].

Perinatal management

The balloon was removed prenatally or by ex utero

intrapartum therapy delivery (EXIT procedure). Perinatal

management was standardized in all centers. All neonates

underwent immediate endotracheal intubation in the delivery

room and admitted to the neonatal intensive care unit for

ventilator support and high-frequency oscillatory ventilation

when necessary. Inhaled nitric oxide was administered in

cases of persistent pulmonary arterial hypertension.

Extracorporeal membrane oxygenation was available if

necessary based on clinical criteria (presence of persistent

hypoxia, persistent acidosis and/or inadequate tissue perfu-

sion). The time of surgery repair was managed according to

the infant physiologic stability [22,23].

Statistical analysis

The primary study outcome of interest was survival of the

neonate at 6 months of life. The following variables were

analyzed: primary centers where the patients were followed,

gestational age at fetal intervention, duration of the procedure,

prophylactic tocolysis during the procedure, side of the defect,

lung size immediate before the procedure [initial (observed-

to-expected) lung-to-head ratio] and before delivery [latest

(observed-to-expected) lung-to-head ratio, that was calculated

in the same week of the delivery], lung growth after the

procedure (percentage of LHR growth¼ difference of

the latest and initial values divided by initial value and the

difference of observed-to-expected lung-to-head ratio¼ dif-

ference between the latest and initial values), gestational at

delivery, duration of tracheal occlusion (days between fetal

‘‘plugging’’ and ‘‘unplugging’’ fetal trachea), interval in days

between the removal of the balloon and the delivery and the

use of extracorporeal membrane oxygenation. Results were

reported as number and percentage for categorical variables

and mean± standard deviation for continuous variables.

Fisher’s exact test and �
2 test were used for univariate

comparisons. Estimation of odds ratios (OR) and their 95%

confidence interval were also computed to predict survival.

Multivariable analysis was then conducted with general-

ized linear mixed models for variables significantly associated

with survival in univariate analysis. The different methods to

assess lung size weren’t included in the same multivariable

model because of their colinearity and therefore several

models were built. Correlation between measurements of lung

size and gestational age at delivery was assessed using

Pearson’s coefficient, before multivariable analysis.

Adjustment for within-center clustering was performed by

including the center as random effect in the GLIMMIX

procedure in SAS. The GLIMMIX procedure fits generalized

linear mixed models and estimates the parameters by

maximum likelihood. A p value50.05 was considered as

statistically significant.

Results

A total of 84 cases of CDH treated by FETO were included,

among which 40 survived beyond 6 months of life (47.6%)

and 44 died (52.4%). Survival rates were respectively 50.0%

(24/48), 40.0% (12/30) and 66.7% (4/6) in Sao Paulo,

Barcelona and Strasbourg, without statistically significant

difference (p¼0.432). The mean duration of the surgery was

19.5± 9.5 min. The mean duration of tracheal occlusion in all

sites was 52.9± 21.1 days.

A total of 52 (61.9%) patients delivered before 37 weeks,

23 (27.4%) patients delivered before 34 weeks and 16 (19.1%)

delivered before 32 weeks. Survival rates were 48.1, 30.4 and

25.0%, respectively.

Univariate comparisons between survivors and non-sur-

vivors are reported in Table 1. Survivors had statistically

greater lung response, based on both percentage of increase of

lung-to-head ratio after FETO (157 versus 94%, p¼0.006) and

difference between observed-to-expected lung-to-head ratio

before and after FETO (0.20 versus 0.14, p¼0.007). Survival

was significantly lower in infants born before 32 weeks than

after (p¼0.044). None of the other parameters analyzed were

significantly associated with survival: side of the defect, lung

size before FETO, gestational age at FETO, duration of FETO

procedure, type of prophylactic tocolytic agent used, duration

2 N. Sananes et al. J Matern Fetal Neonatal Med, Early Online: 1–5
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of tracheal occlusion, prenatal versus EXIT removal of the

balloon, time between removal of the balloon and delivery,

time between FETO and delivery, the use of extracorporeal

membrane oxygenation.

The gestational age at delivery did not significantly

correlate with the fetal pulmonary response assessed by

percentage of increase of lung-to-head ratio between before

and after FETO (r¼0.127, p¼0.235) and difference between

observed-to-expected lung-to-head ratio before and after

FETO (r¼0.11, p¼0.17).

Table 2 provides the results obtained from multivariable

analysis including the centers as a random variable in each

model. Two models were built, each including extreme

prematurity (delivery before 32 weeks) and one of the two

fetal pulmonary response variables. In the first multivariable

model (Model 1), the percentage of increased lung-to-head

ratio after FETO was independently associated with survival

(aOR 1.08, 95% CI 1.0151.15, p¼0.029) whereas the present

of extreme prematurity was not significantly associated with

survival (aOR 0.50, 95% CI 0.12–2.12, p¼0.339). In a second

multivariable model (Model 2), difference of the observed-

to-expected lung-to-head ratio from FETO to delivery was

significantly associated with survival (aOR 1.87, 95% CI

1.08–3.33, p¼0.023) while extreme prematurity was not

significantly associated with outcome (aOR 0.52, 95% CI

0.12–2.30, p¼0.380).

Discussion

Our data suggest that fetal pulmonary response after FETO is

the most important factor associated with survival in fetuses

with severe isolated CDH undergoing fetal intervention in our

series. Prematurity (especially before 32 weeks gestation) also

impacts survival; however, in our cohort after performing a

multivariable analysis, this factor became secondary to the

fetal pulmonary response.

Different predictive factors of survival in fetuses with CDH

undergoing FETO have been previously reported, including

lung size before the procedure (the lung-to-head ratio, the

observed-to-expected lung-to-head ratio and the observed-to-

Table 2. Multivariable analysis of odds for survival.

Model Parameters aOR 95% CI p value

Model 1 Delivery before 32 weeks 0.50 0.12–2.12 0.339

Percentage of increased lung-to-head ratio after FETO 1.08 1.01–1.15 0.029
Model 2 Delivery before 32 weeks 0.52 0.12–2.30 0.380

Difference between observed-to-expected lung-to-head ratio before and after FETO 1.87 1.08–3.33 0.023

In each model, correlation within each center is adjusted by including it as a random effect. aOR associated with observed-to-expected lung-to-head
ratio and increase of lung-to-head ratio was calculated for each 10% increase.

Table 1. Univariate comparison between survivors and non-survivors.

Parameters
Survivors
(n¼40)

Non-survivors
(n¼44) OR (95% CI) p value

Center
Sao Paulo 24 (50.0%) 24 (50.0%) 1 (reference) 0.432
Barcelona 12 (40.0%) 18 (60.0%) 0.7 (0.3–1.7)
Strasbourg 4 (66.7%) 2 (33.3%) 2.0 (0.3–11)

Side
Left 31 (50.0%) 31 (50.0%) 1 (reference) 0.737
Right 8 (40.0%) 12 (60.0%) 0.7 (0.2–1.9)
Bilateral 1 (50.0%) 1 (50.0%) 1 (0.1–17)

Initial lung-to-head ratio, mean±SD 0.82± 0.15 0.81± 0.23 1.1 (0.1–10) 0.903
Initial observed-to-expected lung-to-head ratio, mean±SD 0.12± 0.02 0.12± 0.04 1.0 (0.2–4.3) 0.962
Gestational age at FETO (weeks), mean±SD 26.7 ± 1.8 27.1± 1.7 0.9 (0.7–1.1) 0.299
Duration of procedure (minutes), mean±SD 19.9 ± 7.8 19.1± 11.3 1.0 (0.9–1.1) 0.761
Prophylactic tocolysis, N (%) 37 (46.3%) 43 (53.7%) 0.3 (0.0–2.9) 0.261
Latest lung-to-head ratio after FETO, mean±SD 2.0± 0.58 1.6 ± 1.12 1.7 (1.0–2.9) 0.059
Latest observed-to-expected lung-to-head ratio after FETO, mean±SD 0.32± 0.08 0.26± 0.14 1.7 (1.1–2.6) 0.018
Percentage of increase of lung-to-head ratio between before
and after FETO, mean±SD

157±104 94± 91 1.1 (1.0–1.2) 0.006

Difference between observed-to-expected lung-to-head ratio
before and after FETO, mean±SD

0.20± 0.08 0.14± 0.12 1.9 (1.2–3.2) 0.007

Prenatal removal of the balloon 14 (41.2%) 20 (58.8%) 0.6 (0.3–1.6) 0.330
Gestational age at delivery (weeks), mean±SD 35.2 ± 2.4 34.5± 3.3 1.1 (0.9–1.3) 0.268
Duration of tracheal occlusion (days), mean±SD 52.9 ± 21.1 46.2± 22.1 1.0 (0.9–1.1) 0.165
Interval between removal of the balloon and delivery (days), mean±SD 20.6 ± 19.0 18.4± 16.3 1.0 (0.9–1.1) 0.737
Interval between FETO and delivery (in days), mean±SD 60.3 ± 18.7 54.1± 23.2 1.0 (0.9–1.1) 0.195
Delivery before 37 weeks, N (%) 25 (48.1%) 27 (51.9%) 1.0 (0.4–2.5) 0.915
Delivery before 34 weeks, N (%) 7 (30.4%) 16 (69.6%) 0.4 (0.1–1.0) 0.053
Delivery before 32 weeks, N (%) 4 (25.0%) 12 (75.0%) 0.3 (0.1–1.0) 0.044
Use of extracorporeal membrane oxygenation 0 (0%) 2 (100.0%) 0.0 (0.0–99) 0.185

SD, standard deviation. OR associated with observed-to-expected lung-to-head ratio and increase of lung-to-head ratio was calculated for each 10%
increase.

DOI: 10.3109/14767058.2015.1114080 Prematurity and lung response after FETO 3
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expected total lung volume before FETO), gestational age at

fetal intervention, fetal pulmonary response after the inter-

vention, duration of the tracheal occlusion, time between

balloon removal and delivery, gestational age at delivery and

prematurity [7,9,12,15,16,24,25]. However, so far, there are

very limited data evaluating the association between adequate

pulmonary response after FETO and neonatal survival,

especially among those infants that born at extreme premature

gestational ages have been limited.

In our study, only fetal lung response and prematurity were

associated with outcome. Fetal lung response was found to be

associated with survival independently of prematurity. Our

findings related to the impact of gestational age at delivery

following FETO differ slightly from prior studies. Ali et al.

[15] recently suggested that birth before 35 weeks was

strongly associated with mortality in patients who underwent

FETO for CDH. However, there were no survivors that were

born prior to 33 weeks, whereas in our series 4 out of 16

(25%) fetuses that were born before 32 weeks survived. The

largest series reported in the literature by Jani et al. [24]

demonstrated that gestational age at delivery was a predictor

of survival with an odds ratio of 1.024 (95% CI 1.007–1.042,

p¼0.007). In addition, Done et al. [16] found that the

difference of mean gestational age at delivery between

survivors and non-survivors was 10 days. In our study,

prematurity (birth before 37 weeks) did not impact survival,

however extreme prematurity (birth before 32 weeks) was

statistically associated with mortality in univariate analysis.

Nevertheless, the multivariable analysis revealed that even

extreme prematurity became a less important predictor of

mortality when considering the adequacy of the fetal

pulmonary response. Prior studies have suggested that fetuses

who deliver prematurely are less likely to survive because

their lungs do not have enough time to grow sufficiently [16].

In our series, we did not observe a significant correlation

between lung growth and gestational age at delivery. This

result can be explained by the fact that the fetal pulmonary

response is achieved significantly within 2 weeks after the

procedure with a maximal growth 4 weeks after FETO

performed between 26–30 weeks [7]. All of our cases but four

were born at least 2 weeks after FETO.

The present study had some limitations, including the

retrospective analysis of databases from different centers. In

addition, patients were managed in different centers.

However, the indication for FETO and the perinatal manage-

ment were similar in all three centers. In addition, we

considered the ‘‘centers’’ as a random variable in our analysis

and thus took into consideration the similarity (correlation)

among patients and procedures within each center, revealing

that different ‘centers’ were not associated with outcome.

Another potential limitation of the present study was limited

use of ECMO in our patients. In our series, ECMO was used

only in eight patients and it was not statistically associated

with outcome. In reality, ECMO was used more often in

patients that died than in those that survived. It is still

controversial if ECMO improves the long-term survival (after

6 months as it was evaluated in the present study) in patients

that undergo FETO [26–28]. Further studies are necessary to

evaluate this aspect. Finally another limitation of the present

study may be the small sample size to demonstrate

prematurity to be an independent risk factor of mortality in

case of CDH treated by FETO. Clearly, in univariate analysis

our study had adequate power to show prematurity, specif-

ically delivery before 32 weeks, to be a risk factor for

mortality with an OR of 0.3, p¼0.04 (70% reduction in odds

for survival in presence of prematurity). However, in multi-

variable analysis, where other variables were included and

adjusted for in the model, influence of prematurity became

lessened at aOR¼ 0.5, p40.05 (50% reduction in odds for

survival). Although, in general the presence of other variables

in the model reduces power, our results show that lung

response, but not prematurity, is an independent risk factor for

mortality.

In conclusion, we found that fetal pulmonary response

after FETO is the most important factor associated with

survival, independently from the gestational age at delivery.

Further prospective studies with larger series are necessary to

confirm the present findings.
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Improving the Prediction of Neonatal
Outcomes in Isolated Left-Sided 
Congenital Diaphragmatic Hernia by
Direct and Indirect Sonographic
Assessment of Liver Herniation 

ongenital diaphragmatic hernia (CDH) affects approxi-
mately 1 per 2500 live births and is associated with
substantial morbidity and mortality, mostly because 

of pulmonary hypoplasia.1–3Accurate prenatal determination of
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ORIGINAL RESEARCH

Objectives—Liver herniation can be assessed sonographically by either a direct (liver-to-
thoracic area ratio) or an indirect (stomach position) method. Our objective was to eval-
uate the utility of those methods to assess liver herniation for the prediction of neonatal
outcomes in patients with isolated left-sided congenital diaphragmatic hernia (CDH).

Methods—We conducted a retrospective cohort study of all patients with CDH who
had prenatal assessment and were delivered at Texas Children’s Hospital between
January 2004 and April 2014. The predictive value of sonographic parameters for mor-
tality and the need for extracorporeal membrane oxygenation was evaluated by uni-
variate, multivariate, and factor analysis and by receiver operating characteristics curves.

Results—A total of 77 fetuses with isolated left-sided CDH were analyzed. The lung-to-
head ratio, liver-to-thorax ratio, and stomach position (according to the classifications
of Kitano et al [Ultrasound Obstet Gynecol2011; 37:277–282] and Cordier et al [J Matern
Fetal Neonatal Med2015; 28:190–195]) were significantly associated with both neona-
tal outcomes (P< .03). Significant correlations were observed between all of these sono-
graphic parameters. A combination of the liver-to-thorax ratio and stomach position
(Kitano) or stomach position (Cordier) with the lung-to-head ratio increased the area
under the receiver operating characteristic curve of the lung-to-head ratio for mortality
prediction (0.86 [95% confidence interval, 0.74–0.98], 0.83 [0.72–0.95], and 0.83
[0.74–0.92], respectively). 

Conclusions—Sonographic measurements of liver herniation (liver-to-thorax ratio and
stomach position) are predictive of neonatal outcomes in isolated left-sided congenital
diaphragmatic hernia. Our study shows that the combination of those sonographic
measurements of liver herniation and lung size improves the accuracy of predicting
mortality in those fetuses.

Key Words—congenital diaphragmatic hernia; liver herniation; lung-to-head ratio;
obstetric ultrasound; pulmonary hypoplasia; prenatal predictors; stomach position 

doi:10.7863/ultra.15.07020
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the severity of the CDH is necessary to counsel patients
and to provide appropriate perinatal management,
including selection of candidates for fetal endoscopic tra-
cheal occlusion.4–6

Sonographic measurement of the contralateral lung-
to-head ratio is commonly used to assess lung size in
CDH.7–9Studies have shown that the amount of liver her-
niation can be measured on magnetic resonance imaging
and is an independent prognostic factor.10–12 A recent
study demonstrated that the amount of liver herniation can
be assessed directly on 2-dimensional sonography in the
same image that is used to measure the lung-to-head ratio
(lung size) by calculating the liver-to-thoracic area ratio.13

Investigators have also shown that the stomach position in
the fetal chest can be considered an indirect method to
quantify the degree of liver herniation, which also corre-
lates with prognosis.14–16

To our knowledge, there is no study comparing direct
and indirect methods for quantifying liver herniation
using conventional sonography. Conventional sonogra-
phy is already widely used by maternal-fetal specialists to
calculate the lung-to-head ratio, which is the measurement
most often used to predict outcomes in fetuses with left-
sided CDH.

Therefore, the primary objective of this study was to
evaluate the utility of the direct and indirect methods used
to quantify the amount of liver herniation by 2-dimensional
sonography (liver-to-thorax ratio and stomach position)
for predicting outcomes in fetuses with isolated left CDH.
The secondary objectives were to evaluate the correlation
between the methods and to evaluate the combination of
these parameters with the lung-to-head ratio for the pre-
diction of outcomes in these patients.

Materials and Methods

Study Design
We conducted a retrospective cohort study of all fetuses
with isolated left-sided CDH who had a prenatal sono-
graphic examination and delivered at Texas Children’s
Hospital between January 2004 and April 2014. We
excluded cases with associated anomalies, fetal interven-
tion, and right-sided CDH. The definition of isolated
CDH was based on the absence of other structural anom-
alies on prenatal examination, a normal fetal karyotype, and
absence of a cardiac anomaly on fetal echocardiography.
The sonographic parameters were obtained from images
derived from video clips of comprehensive fetal sono-
graphic examinations. The local Institutional Review
Board approved the study (H-29006).

Sonographic Measurements
Figure 1 shows all of the sonographic evaluations and
measurements using single images. The lung-to-head ratio
measurements were performed according to a standardized
protocol by multiplying the two longest perpendicular
diameters of the lung on a 4-chamber view of the heart.7,17

Sananes et al—Liver Herniation in Congenital Diaphragmatic Hernia

J Ultrasound Med 2016; 35:e69–e75e70

Figure 1. Sonograms of different fetuses with mild (A), moderate (B),

and severe (C) forms of left-sided CDH at 24, 26, and 25 weeks’ gesta-

tion, respectively. Stomach position is according to the Cordier classifi-

cation. LHR indicates lung-to-head ratio; and US-LiTR, sonographic

liver-to-thorax ratio.
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On the same sonogram, the liver herniation area and the
fetal thoracic area were measured, and the sonographic
liver-to-thoracic area ratio was then calculated.13The stom-
ach position was categorized as grades 0 to 3 on a coronal
view according to the classification of Kitano et al14 and as
grades 1 to 4 on the 4-chamber view of the heart according
to the classification of Cordier et al.15 The stomach posi-
tion according to the Cordier classification was evaluated
on the same image on which the lung-to-head ratio and
liver-to-thorax ratio were measured. Only 1 sonographic
examination per patient (the first examination) at our center
was considered for analysis. All evaluations of the stomach
position were performed by a single investigator (N.S.),
whereas the measurements of the lung-to-head ratio and
liver-to-thorax ratio were performed by another investigator
(I.B.), who were both well trained to perform prenatal
sonographic scans and were blinded to postnatal outcomes.

Neonatal Protocol
All neonates were treated according to a standard perina-
tal protocol.18 All neonates underwent immediate endo-
tracheal intubation with orogastric decompression and
avoidance of bag-mask ventilation by a staff neonatologist.
Gentle mechanical ventilation using a permissive hyper-
capnia protocol was used. Escalation of ventilatory support
to a maximal peak inspiratory pressure and positive end-
expiratory pressure of 30 and 6 cm H2O, respectively, and
use of high-frequency oscillatory ventilation to a maximum
mean airway pressure of 15 cm H2O were based on preestab-
lishedcriteria. The need for extracorporeal membrane oxy-
genation (ECMO) was determined by the presence of
persistent hypoxia (oxygenation index >40 or oxygen
pressure persistently <40 mm Hg) with persistent acidosis
(pH <7.2) or inadequate tissue perfusion (arterial lactate
>3 mmol/L and rising). The timing of surgical repair of
the CDH was planned with consideration of the infant’s
physiologic stability and the presence or absence of pul-
monary hypertension.

Statistical Analysis
Results were reported as mean ± standard deviation for con-
tinuous variables and as number and percentage for cate-
gorical variables. The outcomes in this study were survival
at 6 months of life and the need for ECMO postnatally.
Univariate comparisons were performed by a t test and
2 square test for continuous and categorical variables,
respectively. Correlations between variables were evalu-
ated by the Spearman test. The performances of the dif-
ferent predictors were evaluated by receiver operating
characteristic curve analysis, with estimation of areas under

the curve with 95% confidence intervals. Multivariable stud-
ies were performed using factor analysis (principal compo-
nent analysis). Statistical comparisons between the areas
under the curves of each sonographic variable and multi-
variate models were performed according to the tests of
McNeil et al,19Hanley and McNeil,20 and DeLong et al.21

Statistical analyses were performed with the software SPSS
version 19.0 software package (IBM Corporation, Armonk,
NY) and the MedCalc version 11.6 software package
(MedCalc, Mariakerke, Belgium). P< .05 was considered
statistically significant.

Results

A total of 142 cases of CDH were prenatally evaluated and
delivered in our institution during the study period.
Sixty-five patients were excluded from the study because of
associated anomalies (n = 39), right-sided CDH (n = 15),
and fetal intervention (n = 11). There was no case of ter-
mination of pregnancy. Therefore, a total of 77 patients
with isolated left-sided CDH were included in the study
(68 patients were reported in our previous study13). In the
previous study, we described the liver-to-thorax ratio in
fetuses with left and right CDH. The mean gestational age at
delivery ± SD was 37.6 ± 1.6 weeks (range, 32–40 weeks).

The survival rate within 6 months of life was 79.3%,
since 1 fetus died in utero, and 15 died in the neonatal
period. Among the 76 fetuses who were born alive, ECMO
was needed in 26 cases (34.2%). Table 1 shows sample
characteristics and prenatal findings according to mortal-
ity at 6 months of life and the need for ECMO. There was
a significant association between the lung-to-head ratio,
liver-to-thorax ratio, and stomach position (independent
of the classification method) and neonatal mortality or
need for ECMO (P< .05).

Spearman correlation coefficients between variables
are reported in Table 2. Significant correlations were
observed between the lung-to-head ratio, liver-to-thorax
ratio, and stomach position. The liver-to-thorax ratio cor-
related more with the stomach position according to the
Cordier classification than the Kitano classification.

Figures 2 and 3 show receiver operating characteristic
curve analyses of all isolated parameters (lung-to-head
ratio, liver-to-thorax ratio, and stomach position) to predict
mortality and ECMO, respectively. Figures 4 and 5 show
receiver operating characteristic curve analyses of different
combinations of parameters to predict mortality and
ECMO, respectively. Table 3 provides the areas under
the curves for each predictor and each combination of
parameters. The lung-to-head ratio had the best accuracy

J Ultrasound Med 2016; 35:e69–e75 e71
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to predict mortality compared to the other parameters
when used singly, but the difference was not statistically
significant (P> .05). The combination of the lung-to-head
ratio and liver-to-thorax ratio was the most accurate pre-
dictor of mortality when compared to all other parameters
when used singly or in combination (P < .05). The pre-
dictive accuracy of the combination of the lung-to-head
ratio and liver-to-thorax ratio was not improved by the
addition of stomach grading, whatever it was (P> .05). In
considering prediction of the need for ECMO, all sono-
graphic parameters when analyzed singly had similar accu-
racy, with no statistical difference. The combination of
parameters slightly improved the accuracy to predict
ECMO, but this finding was still not statistically significant. 

Discussion

Principal Findings
Our study shows that direct and indirect sonographic
assessments of liver herniation are useful tools for predict-
ing mortality in fetuses with isolated left-sided CDH.

The accuracy to predict outcomes in those fetuses by the
direct or indirect method for quantifying liver herniation
improves when combined with the lung-to-head ratio,
especially the liver-to-thorax ratio. However, when used
individually, all of these parameters were less accurate
to predict the need for ECMO (accuracy of 70%), with
only a slight improvement when used in combination
(lung-to-head ratio and liver-to-thorax ratio: accuracy
of 75%). 

Strengths and Weaknesses
To our knowledge, a study that evaluated two sonographic
methods to quantify fetal liver herniation (liver-to-thorax
ratio and stomach position) and compared and combined
them with the lung-to-head ratio has not been reported
previously. In addition, we provide information about those
measurements from one of the largest series. We also pro-
vide information about using these sonographic parameters
to predict the need for ECMO. We acknowledge that our
study had some limitations, such as the retrospective design.
To avoid bias, the operator performed the measurements

Sananes et al—Liver Herniation in Congenital Diaphragmatic Hernia
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Table 1. Sample Characteristics and Prenatal Findings of 77 Fetuses With Isolated Left-Sided CDH According to Outcome

Mortality at 6 mo of Life ECMO

Yes No Yes No

Parameter (n = 16) (n = 61) P (n = 26) (n = 50) P

Maternal age, y 27.9 ± 7.4 27.7 ± 6.0 .903 27.5 ± 6.1 27.2 ± 6.3 .78

GA at sonography, wk 26.7 ± 5.4 26.8 ± 5.0 .928 27.2 ± 5.7 26.6 ± 4.7 .631

Lung-to-head ratio 1.12 ± 0.39 1.87 ± 0.75 <.001 1.40 ± 0.68 1.89 ± 0.75 .007

Liver-to-thorax ratio, % 16.92 ± 8.52 8.20 ± 9.05 .001 13.78 ± 8.2 7.89 ± 9.7 .01

Stomach position (Kitano) .002 .026

0 0 (0.0) 5 (8.2) 0 (0.0) 5 (10.0)

1 4 (25.0) 30 (49.1) 8 (30.8) 26 (52.0)

2 4 (25.0) 20 (32.9) 10 (38.4) 14 (28.0)

3 8 (50.0) 6 (9.8) 8 (30.8) 5 (10.0)

Stomach position (Cordier) .018 .008

1 0 (0.0) 7 (11.5) 0 (0.0) 7 (14.0)

2 1 (6.2) 19 (31.1) 3 (11.5) 17 (34.0)

3 4 (25.0) 17 (27.9) 8 (30.8) 13 (26.0)

4 11 (68.8) 18 (29.5) 15 (57.7) 13 (26.0)

GA at delivery, wk 37.6 ± 1.0 37.6 ± 1.7 .967 37.8 ± 1.2 37.5 ± 1.8 .552

Data are presented as mean ± SD and number (percent). GA indicates gestational age.

Table 2. Correlations Between Lung-to-Head Ratio, Lung-to-Thoracic Ratio, and Stomach Position

Lung-to- Lung-to- Stomach Position Stomach Position

Parameter Head Ratio Thoracic Ratio (Kitano) (Cordier)

Lung-to-head ratio 1.00 –0.54a –0.51a –0.55a

Lung-to-thorax ratio –0.54a 1.00 0.49a 0.69a

Stomach position (Kitano) –0.51a 0.49a 1.00 0.65a

Stomach position (Cordier) –0.55a 0.69a 0.65a 1.00

aSignificant at P < .001.
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blinded to the neonatal outcome. We did not test the repro-
ducibility of the measurements in this study, as that has
been addressed in other publications.13,15 In this study, we
did not include patients who underwent fetal endoscopic
tracheal occlusion. This fact could be considered a bias,
since fetuses with less severe forms of CDH could have
been excluded from the analysis. However, fetal endo-
scopic tracheal occlusion was performed in only 10
patients with isolated left-sided CDH during the study
period, and we included fetuses with severe forms of CDH

who did not undergo fetal intervention. In addition, fetal
intervention may change the sonographic parameters
(lung-to-head ratio, liver-to-thorax ratio, and stomach
position), which can also lead to bias. Nevertheless,
Cordier et al16 showed that the stomach position remains
a relevant prognostic factor even after fetal endoscopic
tracheal occlusion. Further studies are necessary to inves-
tigate whether the amount of liver herniation and the
stomach position classification change after fetal endo-
scopic tracheal occlusion.

Figure 2. Receiver operating characteristics curves for the prediction of

mortality at 6 months of life using the lung-to-head ratio (LHR), sono-

graphic liver-to-thorax ratio (US-LiTR), and stomach position according

to the Kitano and Cordier classifications.

Figure 3. Receiver operating characteristics curves for the prediction of

ECMO using the lung-to-head ratio (LHR), sonographic liver-to-thorax

ratio (US-LiTR), and stomach position according to the Kitano and

Cordier classifications.

Figure 4. Receiver operating characteristics curves for the prediction

of mortality at 6 months of life using combinations of the lung-to-head

ratio (LHR), sonographic liver-to-thorax ratio (US-LiTR), and stomach

position according to the Kitano and Cordier classifications.

Figure 5. Receiver operating characteristics curves for the prediction of

ECMO using combinations of the lung-to-head ratio (LHR), sono-

graphic liver-to-thorax ratio (US-LiTR), and stomach position according

to the Kitano and Cordier classifications.
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Interpretation
Quantification of liver herniation by magnetic resonance
imaging is predictive of neonatal outcomes in left-sided
CDH.10–12Our study confirms that sonographic assess-
ment of liver herniation, either by a direct or an indirect
method, can predict survival at 6 months of life and the
need for ECMO.13–16Additionally, our results demonstrate
that there is a good correlation (correlation coefficient of
0.69) between the liver-to-thorax ratio and evaluation
of the stomach position according to Cordier et al.15This
correlation was expected, since the Cordier method indi-
rectly evaluates the degree of liver herniation. However,
only weak correlations were observed between the lung-
to-head ratio and liver-to-thorax ratio and between the
lung-to-head ratio and stomach position. For these rea-
sons, we recommend using the combination of the lung-to-
head ratio (lung size) and one other method to measure
the amount of liver herniation (liver-to-thorax ratio or stom-
ach position), but there is no need to use the combination
of all parameters. In our experience, the combination of
the lung-to-head ratio and liver-to-thorax ratio was statis-
tically more accurate than the lung-to-head ratio and stom-
ach position; however, measuring the liver-to-thorax ratio
is more demanding than evaluating the stomach position.
Further studies are necessary to confirm our findings.

The ideal situation would be to obtain as much infor-
mation as possible from as few images as necessary to facil-
itate the evaluation of a fetus with left-sided CDH. Three
of the measurements evaluated can be performed on the
exact same sonogram (in a cross section of the fetal chest at
the level of the 4-chamber view of the heart). These meas-
urements are the lung-to-head ratio, the liver-to-thorax
ratio, and the stomach position according to Cordier et al.15

Evaluation of the stomach position according to Kitano et

al14 requires a different sonogram; therefore, different sec-
tions of the fetus are necessary to obtain that measurement
in addition to the lung-to-head ratio.

To test whether the combination of the parameters
would improve the accuracy to predict outcomes, principal
component analysis was used, instead of multivariate
regression. The reason for performing such an analysis was
because of the multicollinearity among the variables. 

Conclusions
Fetal outcomes in left-sided CDH can be predicted by
using a single sonogram by estimating both the lung size
and the amount of liver herniation. Our results suggest the
liver herniation can be quantified on sonography directly
by the liver-to-thorax ratio or indirectly by assessing the
stomach position. The combination of sonographic meas-
urements of lung size (lung-to-head ratio) and assessment
of the amount of liver herniation (liver-to-thorax ratio or
stomach position in the fetal chest) improves the accuracy
in predicting outcomes in those fetuses. Future prospec-
tive studies with larger numbers of patients are necessary to
determine which combination will predict outcomes best
in those fetuses.
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Abstract Background The prosthesis commonly used for the treatment of congenital diaphrag-

matic hernia (CDH) lacks elasticity to replace the diaphragm’s mechanical properties

and does not follow the natural growth of the child treated.

Objective To determine the appropriate properties required for the prostheses, a CT

study on healthy patients was conducted.

Methods Two methods of diaphragmatic surface analysis are assessed: the diaphrag-

matic surface is either estimated using surface 2D estimations (method 1), or calculated

using length measures on thoracoabdominal CT scans from children (method 2).

Patients are divided into two groups depending on their age: group 1: n ¼ 9; median

age: 2.0 months (0.1–9.5); group 2: n ¼ 9; median age: 182.6 months (158.5–235.5).

Growth factor between the two groups is calculated and the two methods are

statistically compared.

Results The ratio group 2/group 1 of the diaphragmatic surfaces was 4.3 " 0.2 on the

left side and 4.0 " 0.2 on the right side for method 1, and 5.1 " 0.2 on the left side and

5.1 " 0.3 on the right side for method 2. The difference in the median values between

both methods is statistically significant for both the left and right sides (p ¼ 0.022 and

p ¼ 0.002, respectively). Hence, the two methods cannot be used exchangeably.

Conclusion The treatment of CDH with large defect remains a challenge because of

the high incidence of hernia recurrence probably due to prosthesis defect; thus it is

important to estimate the diaphragmatic surface precisely. We aim to develop a

prosthesis material that can be commonly used and found a mean diaphragmatic

growth factor of approximately 4 to 5 from early childhood to adolescence.
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Introduction

Congenital diaphragmatic hernia (CDH) is a rare congenital

disease, which requires neonatal surgical treatment. The

diaphragmatic replacement is justified when more than

half of the diaphragmatic dome is absent.1,2 The most

frequently used prosthesis is composed of “expanded poly-

tetrafluoroethylene” (ePTFE, Gore-Tex [W.L. Gore and Asso-

ciates, Flagstaff, Arizona, United States]),3 which lacks

elasticity to replace the diaphragm’s mechanical properties.

Indeed, the prosthesis will be inserted at birth in a growing

child andwill lead tomajor traction on the anchoring stitches.

Those can result in thoracic deformations, scoliosis,4 or hernia

recurrence through prosthesis leakage (28–50%).1,5–8

To design a prosthesis with better accuracy in shape and

size to the anatomical features of the neonatal diaphragm, we

aimed to determine the normal diaphragmatic growth from

early childhood to adolescence, to define the required

mechanical properties of prosthesis. To our best knowledge,

there are no data published in the English literature regarding

the diaphragmatic growth.9

Material and Methods

This retrospective monocentric study included patients with a

median age of 2.0 months (0.1–9.5) (group 1, n ¼ 9) and with a

median age of 182.6 months (158.5–235.5) (group 2, n ¼ 9).

Those patients had previously undergone a thoracoabdominal

computed tomographic (CT) scan for other reasons (traumatol-

ogy, oncology follow-up, etc.) and did not have any diaphrag-

matic pathology or severe cardiac and/or pulmonary anomalies.

Twomethods of evaluation of the surface of the diaphragm

were followed and the results compared. The first method

(method 1) consisted of a 2D surface estimation of each

diaphragmatic dome using a cross-sectional imaging

(►Fig. 1a, 1b). The second method (method 2) considered

the diaphragmatic dome as a part of an ellipsoid on a sagittal

plane (►Fig. 2) and consisted of a surface calculation using

the formula where a is the half major

axis of the ellipsoid, b is the half minor axis of the ellipsoid,

and e the eccentricity defined by .

Following the two methods, we obtained the surface area

for each nine realizations of the left-part and nine realizations

of the right-part diaphragmatic surface for both children and

adolescents. Thereby we harvested eight samples of nine

measurements each.

Statistical data analysis was performed using the Mann-

Whitney rank sum test from the software SigmaPlot 11.0

(Systat Software Inc., San Jose, California, United States).

Informed consent was obtained to perform this study from

the patients and the study was authorized by the local ethical

board.

Results

Combining the samples corresponding to the samemethod and

the same side of the diaphragm, we computed 9 " 9 ¼ 81

surface ratios that give the relative surface growth from child-

hood to adolescence. The fourdistributionsobtained thiswayare

shown in ►Fig. 3a, 3b. In each panel, we compared method 1

withmethod 2. It is readily seen that method 2 (gray bars) leads

to adistribution shifted toward the larger ratios if comparedwith

the histogram derived from method 1 (black bars). More pre-

cisely, the ratio group 2/group 1 is formethod 1 4.3 # 0.3 on the

left side and 4.0 # 0.3 on the right side, and for method 2

5.1 # 0.5 on the left side and 5.1 # 0.5 on the right side (mean

# sem; see ►Table 1).

To compare the ratios from method 1 with those from

method2,we tried toperformtheusual t-test.However, because

the distributions are non-normal (see ►Figs. 3a, 3b), this test

could not be applied. Instead, we performed theMann-Whitney

rank sum test. This test showed that the difference in themedian

values between the two methods (1L vs. 2L; 1R vs. 2R) is

statistically significant for both the left and the right sides

(p ¼ 0.022 < 0.05 and p ¼ 0.002 < 0.05, respectively). Thus,

Fig. 1 (a, 1b) Method 1: 2D diaphragmatic surface estimation using a

CT cross-sectional imaging; (1a) transverse section at the level of the

diaphragmatic area; (1b) sagittal view.
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the twomethods are assumed to benot equivalentwhen the risk

of first kind is fixed to 0.05.

Discussion

Human diaphragmatic development has not been extensively

studied. Precise determination of diaphragm geometry is

difficult as the shapes are complex and the structure of the

diaphragm is both anisotropic and variable from one part to

another.9 To our knowledge, there are no published data or

anatomical studies regarding normal diaphragmatic growth.

The only published work mentioned that the diaphragmatic

growth is proportional to the child’s growth. In 2001 Rehan et

al conducted an ultrasound study on 15 newborns and

concluded that the diaphragmatic thickness is significantly

associated with weight, height, and head circumference, but

not to gestational age.9 One study, based on posteroanterior

plain chest radiographic measures, revealed a significant

association between age and diaphragmatic diameter in 89

children aged 9.0 ! 5.5 years.10

Our study aimed to define the normal diaphragmatic

growth ratio from early childhood to adolescence. As the

failure of the diaphragmatic prosthesis currently used for the

treatment of CDH is due to its lack of elasticity required to

replace the fluid movements of the diaphragm and the

natural growth,11 the present findings are of utmost interest

to establish the specifications of an ideal prosthesis.

The present study reveals diaphragmatic surface growth

factors ranging from 4.0 to 5.1 from early childhood to

adolescence. Nevertheless, to be more accurate, our results

should be related to weight, height, and sex at the time when

the CT scan is performed, particularly for the group of

adolescents. This information is often unavailable. Twometh-

ods of surface estimation were assessed: with method 1, it

was easier to obtain the surface area thanks to the specific CT

software, whereas method 2 required manual measures

and time-consuming mathematical calculations. However,

despite the practical problems it poses, in our opinionmethod

2 suits better to evaluate the diaphragmatic surface because it

follows the anatomical landmarks. Statistical difference

between methods 1 and 2 was more significant for the right

side (p ¼ 0.002), probably due to the presence of the leaver.

Indeed, the right dome is placed higher than the left dome

with a better evaluation using the 3D surface calculation than

the 2D cross-sectional imaging.

Fig. 3 Distribution of the group 2/group 1 ratio for left (3a) and right

(3b) diaphragmatic domes. 1L, method 1 left side; 2L, method 2 left

side; 1R, method 1 right side; 2R, method 2 right side.

Fig. 2 Method 2: Diaphragmatic surface calculation. Sagittal view of the

ellipsoid following the diaphragmatic dome on a CTscan with a ¼ half major

axis of the ellipsoid and b ¼ half minor axis of the ellipsoid.

Table 1 Characteristics of the distributions of the group 2/

group 1 ratios

Mean ! sem Median 1st–3rd quartiles

1L 4.3 ! 0.2 4.1 3.0–5.3

2L 5.1 ! 0.2 4.7 3.5–6.4

1R 4.0 ! 0.2 3.9 2.9–4.7

2R 5.1 ! 0.3 4.8 3.3–6.4

Abbreviations: 1L, method 1 left side; 2L, method 2 left side; 1R, method

1 right side; 2R, method 2 right side; sem, standard error on the mean.
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Our study presents several problems. This is a biased

sampling because our patients are a group having CT scans

and are not randomly chosen and nor completely healthy.We

could not include patients as their own controls, which could

be amethodmore valid to follow changes in the diaphragm in

single patients. However, patients who have had CT studies

separated by several years are unfortunately rare. Both meth-

ods to estimate the diaphragmatic size are arbitrary, because

this organ has a complex 3D structure. It is also problematic to

estimate how a diaphragm grows sagittally, axially, coronally,

and also how the muscular part grows in relation to the

central tendon area as this part represents a sizeable and

important portion of the normal diaphragm. The importance

of this tendon area has been suggested in diaphragmatic

tissue engineering methods.12 However, the complex struc-

ture of the diaphragm is not accessible to actual imaging

investigations with the current technologies.

Although the present methodology cannot be directly

implemented in daily clinical practice for CDH patients, it

provides original data of utmost importance for the design of

appropriate biomaterials. First, we clearly demonstrate that

thewayof calculating area of the diaphragm can be improved,

and we suggest a different calculation method to do so.

Following this preliminary study, we aim to include in the

future more patients using a diaphragmatic surface 3D

modeling that provides more accurate measurements of

the surface. Second, this paper discloses for the first time

the precise growing factor of the diaphragm in relation to age.

Nevertheless, on behalf of these twopoints, we can say that

our findings can obviously be implemented in the develop-

ment of biomaterials that properly fit to the CDH defect, and

thus are highly beneficial, although indirectly, in daily clinical

practice for CDH patients.
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Ballonnet gonflable et détachable, destiné à être implanté dans une cavité 

corporelle, nécessaire de traitement  et procédé de vidange associés 

La présente invention concerne un ballonnet gonflable, destiné à être implanté 

dans une cavité corporelle, comportant : 

- une poche formée d’une paroi étanche délimitant un espace intérieur ; 5 

- une vanne de remplissage de l’espace intérieur par un fluide, propre à être 

obturée après remplissage de l’espace intérieur. 

Le ballonnet est propre à être inséré à l’extrémité d’un dispositif de largage et de 

gonflage et à être détaché du dispositif. 

Un tel ballonnet est destiné notamment à être implanté dans la trachée d’un fœtus 10 

pour réaliser une occlusion trachéale fœtale lorsque le fœtus est atteint de hernie 

diaphragmatique congénitale. Le ballonnet peut également être utilisé dans le cadre 

d’indications potentielles, comme la rupture prématurée des membranes ou toute autre 

affection associée à une hypoplasie pulmonaire fœtale. La hernie diaphragmatique 

congénitale est une maladie affectant sporadiquement les fœtus, avec une incidence 15 

généralement comprise entre 1/3000 et 1/5000 parmi les nouveau-nés.  

Cette hernie se traduit par une invasion d’organes de l’abdomen, tels que l’intestin, 

l’estomac et/ou le foie dans la cavité thoracique en raison du défaut diaphragmatique. 

Ceci applique une pression sur les poumons en développement et provoque une 

hypoplasie pulmonaire susceptible d’engendrer une insuffisance respiratoire, voire parfois 20 

la mort du nouveau-né. La mortalité actuelle résultant d’une hernie diaphragmatique 

congénitale isolée est estimée à 30 % environ par certaines études. L’hypoplasie 

pulmonaire est plus ou moins sévère en fonction de l’importance de la hernie. Les 

conséquences une fois l’enfant né sont l’insuffisance respiratoire, mais aussi 

l’hypertension artérielle pulmonaire. 25 

Pour pallier ce problème, il est connu notamment de l’article « Technical Aspects 

of Fetal Endoscopic Tracheal Occlusion for Congenital Diaphragmatic Hernia », Journal of 

Pediatric Surgery, (2011) 46, 22-32, d’implanter un ballon par voie endoscopique dans la 

trachée du fœtus et de remplir ce ballon de fluide afin de bloquer dans les poumons des 

sécrétions pulmonaires en amont du ballon entraînant une hyperpression qui stimule le 30 

développement pulmonaire.  

Lorsqu’une telle technique est appliquée, les études montrent une amélioration 

significative du développement pulmonaire, augmentant notablement les chances de 

survie du nouveau-né après la naissance. 

Pour être efficace, l’implantation d’un ballon dans la trachée du fœtus doit donc 35 

obstruer les voies respiratoires naturelles du fœtus. Il est cependant nécessaire de 
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dégonfler le ballon, en réalisant une nouvelle endoscopie ou alors en perçant la paroi du 

ballon, afin de désobstruer les voies respiratoires naturelles. 

Cette opération est réalisée in utero vers 34 semaines d’aménorrhée ou avant en 

cas de rupture de la poche des eaux ou de début de travail. En effet, le retrait du ballon 

avant la naissance est crucial pour achever une maturation cellulaire adéquate des 5 

poumons, qui augmente les chances de survie néonatale. Le retrait in utero facilite en 

outre la gestion néonatale, et permet d’envisager dans certains cas un accouchement par 

voie vaginale.  

Des difficultés résultent du fait qu’une telle opération ne peut être faite que par une 

équipe spécialisée, que cette opération n’est pas toujours techniquement réalisable et 10 

qu’elle est associée à une morbi-mortalité périnatale élevée.  

Par ailleurs, il existe toujours un risque que l’accouchement se produise avant le 

dégonflage du ballon. Ceci peut avoir des conséquences dramatiques pour le nouveau-

né, si l’équipe en charge de l’accouchement ne parvient pas à retirer le ballon lors du 

travail, ou rapidement après la délivrance.  15 

Les patientes portant un fœtus ayant un ballon dans la trachée sont ainsi 

astreintes à rester à proximité ou au sein d’un centre hospitalier apte à effectuer une telle 

intervention rapidement et de manière la plus sûre. 

Ceci est fastidieux et coûteux, dans les cas où la patiente n’habite pas au 

voisinage d’un tel centre hospitalier.  20 

Un but de l’invention est d’obtenir un ballonnet gonflable facile et pratique à 

implanter dans une cavité corporelle, notamment dans la trachée d’un fœtus, et qui peut 

néanmoins être simplement dégonflé lorsque cela est souhaité.  

À cet effet, l’invention a pour objet un ballonnet du type précité, caractérisé en ce 

que la poche délimite un orifice de vidange de fluide débouchant dans l’espace intérieur, 25 

le ballonnet comportant un organe d’obturation de l’orifice de vidange, l’organe 

d’obturation étant propre à libérer l’orifice de vidange sous l’effet d’un champ magnétique, 

pour permettre la vidange au moins partielle du fluide contenu dans l’espace intérieur, 

l’organe d’obturation étant déplaçable suivant au moins deux axes distincts par rapport à 

la poche. 30 

Le ballonnet selon l'invention peut comprendre l'une ou plusieurs des 

caractéristiques suivantes, prise(s) isolément ou suivant toute combinaison 

techniquement possible : 

- l’organe d’obturation est disposé dans l’espace intérieur ; 

- l’organe d’obturation est librement déplaçable dans l’espace intérieur défini par la 35 

poche sous l’effet d’un champ magnétique ; 



 154 

 

 3

- l’organe d’obturation est propre à être maintenu dans une position d’obturation 

de l’orifice de vidange par aimantation, l’organe d’obturation étant propre à être déplacé à 

l’écart de l’orifice de vidange sous l’effet d’un champ magnétique propre à vaincre 

l’aimantation maintenant l’organe d’obturation dans la position d’obturation de l’orifice de 

vidange ; 5 

- le ballonnet comporte un siège de retenue de l’organe d’obturation, disposé au 

voisinage de l’orifice de vidange, l’organe d’obturation coopérant par aimantation avec le 

siège de retenue dans une position d’obturation de l’orifice de vidange ; le siège de 

retenue étant préférentiellement un anneau, rapporté sur la paroi étanche autour de 

l’orifice de vidange 10 

- le siège de retenue est couvert d’une couche d’un matériau souple, l’organe 

d’obturation étant disposé en appui sur la couche de matériau souple dans une position 

d’obturation de l’orifice de vidange ;  

- l’organe d’obturation est une bille ; 

- l’organe d’obturation présente une aimantation permanente ; 15 

- l’organe d’obturation est propre à être déplacé jusqu’à au moins deux positions 

distinctes de libération de l’orifice de vidange sur deux axes sécants passant par l’orifice 

de vidange ; 

- la paroi étanche de la poche est réalisée à partir d’un polymère choisi parmi le 

silicone, le latex, le polyuréthane, et/ou le polyisoprène ; 20 

- l’orifice de vidange est défini par la vanne de remplissage, l’organe d’obturation 

étant propre à fermer la vanne de remplissage après remplissage de l’espace intérieur ;  

- la vanne de remplissage comporte une bague de guidage d’un tube de gonflage 

du ballonnet, la bague de guidage et/ou l’organe d’obturation présentant un revêtement 

biocompatible. 25 

L'invention a également pour objet un nécessaire de traitement d’un patient 

comportant : 

- une ballonnet tel que défini plus haut ; 

- un dispositif de gonflage et de largage du ballonnet, comprenant un tuteur de 

support du ballonnet, le ballonnet étant monté de manière libérable sur le tuteur de 30 

support, et un tube de gonflage du ballonnet, propre à être inséré de manière libérable 

dans la vanne de remplissage. 

L'invention a aussi pour objet un procédé de vidange d’un ballonnet tel que défini 

plus haut, le ballonnet étant implanté dans une cavité corporelle, l’espace intérieur du 

ballonnet contenant du fluide, l’organe d’obturation obturant l’orifice de vidange. Le 35 

procédé comprenant les étapes suivantes : 
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- soumission du ballonnet à un champ magnétique externe, avantageusement 

produit par un appareil de résonance magnétique nucléaire, suivant au moins une 

première direction ; 

- déplacement de l’organe d’obturation suivant au moins un axe sous l’effet du 

champ magnétique externe, pour libérer l’orifice de vidange ; 5 

- vidange au moins partielle du fluide contenu dans l’espace intérieur à travers 

l’orifice de vidange. 

Le procédé selon l'invention peut comprendre l'une ou plusieurs des 

caractéristiques suivantes, prise(s) isolément ou suivant toute combinaison 

techniquement possible : 10 

- une étape de soumission du ballonnet à un champ magnétique externe, 

avantageusement produit par l’appareil de résonance magnétique nucléaire, suivant au 

moins une deuxième direction, distincte de la première direction. 

L’invention a plus généralement pour objet un procédé d’ouverture d’un orifice de 

vidange d’un fluide dans un implant, l’implant comportant un organe d’obturation de 15 

l’orifice de vidange, propre à libérer l’orifice de vidange sous l’effet d’un champ 

magnétique pour permettre le passage au moins partiel du fluide présent dans l’implant à 

travers l’orifice de vidange, le procédé comprenant les étapes suivantes : 

- soumission de l’implant à un champ magnétique externe issu d’un appareil de 

résonance magnétique nucléaire suivant au moins une première direction ; 20 

- déplacement de l’organe d’obturation suivant au moins un axe sous l’effet du 

champ magnétique externe, pour libérer l’orifice de vidange ; 

- passage de fluide à travers l’orifice de vidange. 

Le procédé d’ouverture peut comprendre une étape de soumission de l’implant au 

champ magnétique externe produit par l’appareil de résonance magnétique nucléaire, 25 

suivant au moins une deuxième direction, distincte de la première direction. 

L’invention a également pour objet une méthode de traitement chirurgical 

comprenant les étapes suivantes : 

- fourniture d’un nécessaire tel que défini plus haut ; 

- amenée, avantageusement  par endoscopie, du ballonnet dans une cavité 30 

corporelle, à l’aide du dispositif de largage et de gonflage ; 

- gonflage du ballonnet dans la cavité corporelle ; 

- largage du ballonnet dans la cavité corporelle et retrait du dispositif de gonflage 

et de largage hors de la cavité corporelle. 

La méthode de traitement chirurgical peut comprendre la caractéristique suivante : 35 
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- l'étape d'amenée comporte le convoyage du ballonnet dans la cavité amniotique 

d’une patiente, puis son introduction dans la trachée d’un fœtus présent dans la cavité 

amniotique. 

L'invention sera mieux comprise à la lecture de la description qui va suivre, 

donnée uniquement à titre d'exemple, et faite en se référant aux dessins annexés, sur 5 

lesquels : 

- la figure 1 est une vue schématique d’un premier nécessaire de traitement selon 

l’invention, avant l’implantation du ballonnet dans une cavité corporelle ; 

- la figure 2 est un détail illustrant l’orifice de vidange du ballonnet, et l’organe 

d’obturation de l’orifice dans une position d’obturation, vu depuis l’intérieur du ballonnet ; 10 

- les figures 3 à 6 illustrent les étapes successives d’introduction du ballonnet dans 

la cavité corporelle ; 

- la figure 7 est une vue en perspective du ballonnet gonflé, lors de son largage ; 

- la figure 8 est une vue analogue à la figure 7, lors du déplacement de l’organe 

d’obturation du ballonnet pour libérer l’orifice de vidange, sous l’effet d’un champ 15 

magnétique extérieur à la patiente ; 

- la figure 9 est une vue en perspective de trois-quarts face d’un deuxième 

ballonnet selon l’invention, avant son gonflage ; 

- la figure 10 est une vue prise en coupe suivant un plan axial médian du ballonnet 

de la figure 9, lors de son gonflage ; 20 

- la figure 11 est une vue analogue à la figure 9, après gonflage du ballonnet ; 

- la figure 12 est une vue analogue à la figure 10, lors du dégonflage ; 

- la figure 13 est une vue analogue à la figure 12 d’un troisième ballonnet selon 

l’invention ; 

- la figure 14 est une vue d’un détail d’une variante de ballonnet selon l’invention. 25 

Un premier nécessaire de traitement 10 selon l’invention est illustré 

schématiquement sur la figure 1. 

Le nécessaire de traitement 10 comporte un ballonnet gonflable 12 selon 

l’invention, destiné à être implanté dans une cavité corporelle 14, visible sur les figures 4 

à 6. Le nécessaire 10 comporte en outre un dispositif 16 de gonflage et de largage du 30 

ballonnet gonflable 12 dans la cavité 14, illustré en particulier sur les figures 1 et 3. 

Dans l’application particulière représentée sur les figures 3 à 6, la cavité 14 est la 

trachée d’un fœtus 18, présent dans la cavité amniotique 20 d’une patiente 22. Le fœtus 

18 souffre par exemple d’une hernie diaphragmatique congénitale.  

En référence aux figures 1 et 2, le ballon 12 comporte une poche 24 gonflable par 35 

un fluide, une vanne 26 de remplissage de la poche 24, et selon l’invention, une vanne 28 
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de vidange, libérable sous l’effet d’un champ magnétique extérieur à la patiente 22. La 

vanne de vidange 28 est ici distincte de la vanne de remplissage 26. 

La poche 24 est formée d’une paroi étanche 30 déformable au toucher, délimitant 

un espace intérieur 32 de volume variable en fonction de la quantité de fluide qu’il 

contient. 5 

La paroi étanche 30 est par exemple réalisée à partir d’un matériau polymère tel 

que du silicone, du latex, ou d’un caoutchouc ou tel que le polyisoprène. 

L’épaisseur de la paroi étanche 30 est inférieure à 1 mm et est généralement 

comprise entre 0,1 mm et 0,5 mm.  

La poche 24 présente généralement une forme allongée le long d’un axe A-A’, 10 

visible sur la figure 2. 

En référence à la figure 1, la poche 24 définit un orifice 34 de remplissage de 

l’espace intérieur 32, obturé sélectivement par la vanne de remplissage 26 et un orifice 36 

de vidange, distinct de l’orifice de remplissage 34, obturé de manière sélective par la 

vanne de vidange 28. 15 

Dans cet exemple, l’orifice de remplissage 34 est situé à une extrémité proximale 

de la poche 24, prise le long de l’axe A-A’. L’orifice 34 est délimité à sa périphérie par un 

manchon 38 de montage de la vanne 26 faisant saillie le long de l’axe A-A’ par rapport à 

la paroi 30. Le manchon 38 est d’un seul tenant avec la paroi 30 

L’orifice de vidange 36 est ménagé de manière traversante dans une région 20 

périphérique distale 40 de la paroi 30, située à l’opposé de l’orifice de remplissage 34 

dans cet exemple. 

L’étendue transversale de l’orifice de vidange 36 est avantageusement inférieure à 

1,5 mm et est comprise par exemple entre 1 mm et 1,5 mm.   

L’espace intérieur 32 de la poche 24 est propre à être rempli par un fluide, de 25 

préférence par un liquide, à travers la vanne de remplissage 26, pour passer la poche 24 

d’une configuration dégonflée, contractée radialement (visible sur la figure 1 ou sur la 

figure 5) à une configuration gonflée, dilatée radialement (visible sur la figure 7). 

Dans la configuration dégonflée, la poche 24 présente avantageusement une 

étendue transversale maximale et, prise perpendiculairement à l’axe A-A’, 30 

avantageusement inférieure à 1,5 mm et comprise généralement entre 1 mm et 1,5 mm. 

La longueur de la poche 24, prise le long de l’axe A-A’, est avantageusement 

comprise entre 5 mm et 10 mm. 

 Le volume de l’espace intérieur 32 est alors compris avantageusement entre 3 

mm3 et 10 mm3.  35 
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Dans la configuration gonflée, la poche 24 présente avantageusement une 

étendue transversale maximale Et, prise perpendiculairement à l’axe A-A’, 

avantageusement inférieure à 10 mm et comprise par exemple entre 5 mm et 9 mm.  

La longueur de la poche 24 dans la configuration gonflée, prise le long de l’axe A-

A’ est supérieure à la longueur de la poche 24 dans la configuration dégonflée. Cette 5 

longueur est avantageusement comprise entre 15 mm et 25 mm. 

Le volume de l’espace intérieur 32 est alors compris avantageusement entre 250 

mm3 et 1600 mm3.  

Le fluide de gonflage de la poche est par exemple un liquide, notamment un 

liquide physiologique. Ce liquide contient éventuellement un agent de contraste propre à 10 

être visible par radiographie.  

En référence à la figure 1, la vanne de remplissage 26 est normalement fermée. 

Elle définit une lumière centrale 50 d’injection de fluide dans l’espace intérieur 32. 

Dans cet exemple, la vanne de remplissage 26 fait saillie axialement par rapport à 

la paroi 30. Elle est montée autour du manchon 38. 15 

Elle comporte, à l’intérieur du manchon 38, un joint annulaire déformable 52 

définissant la lumière centrale 50, et une bague périphérique 54 montée autour du 

manchon 38 pour enserrer le manchon 38 et le joint 52. 

Le joint annulaire 52 est disposé dans l’orifice de remplissage 34. Il est déformable 

radialement par compression, pour permettre l’introduction d’un élément de remplissage 20 

de l’espace intérieur 32. Il est propre à revenir spontanément vers une configuration 

d’obturation de l’orifice de remplissage 34. 

En référence à la figure 2, la vanne de vidange 28 comporte un siège 60 fixé sur la 

paroi étanche 30, sur la région périphérique 40 autour de l’orifice de vidange 36, et un 

organe d’obturation 62 de l’orifice de vidange 36, déplaçable suivant au moins deux axes 25 

A-A’, B-B’ distincts, sous l’effet d’un champ magnétique extérieur à la patiente 22. 

Dans cet exemple, le siège 60 est rapporté sur la région périphérique 40, à 

l’extérieur de la paroi étanche 30. Il est par exemple collé sur la région périphérique 40. 

Le siège 60 présente ici une forme d’anneau entourant l’orifice de vidange 36. 

Le siège 60 est réalisé à l’aide d’un matériau métallique ferromagnétique, propre à 30 

être aimanté par un aimant permanent.  

L’organe d’obturation 62 est disposé ici dans l’espace intérieur 32. Comme visible 

sur la figure 2, il présente une étendue transversale maximale e2 supérieure à l’étendue 

transversale maximale e1 de l’orifice de vidange 36. Dans cet exemple, l’organe 

d’obturation 62 est une bille. 35 
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L’organe d’obturation 62 présente une aimantation permanente. Il est ainsi propre 

à coopérer magnétiquement avec le siège 60 pour être maintenu dans une position 

d’obturation de l’orifice de vidange 36, dans laquelle il est appliqué contre la région 

périphérique 40 en regard du siège 60. 

Dans cette position, l’organe d’obturation 62 obture totalement l’orifice 36, et 5 

empêche le passage de fluide depuis le volume intérieur 32 vers l’extérieur de la poche 

24. 

L’étanchéité autour de l’orifice de vidange 36 est renforcée par la présence de la 

région périphérique 40, sur laquelle s’appuie l’organe d’obturation 62, qui forme une 

couche intermédiaire déformable. 10 

Sous l’effet d’un champ magnétique extérieur, propre à engendrer une force 

d’attraction de l’organe d’obturation 62 supérieure à la force de coopération entre l’organe 

d’obturation 62 et le siège 60, l’organe d’obturation 62 est propre à se déplacer à l’écart 

de l’orifice de vidange 36 dans l’espace intérieur 32 suivant au moins deux axes A-A’, B-

B’. 15 

L’intensité du champ magnétique propre à libérer l’organe d’obturation 62 est par 

exemple supérieure à 0,1 T et est notamment comprise entre 0,5 T et 2 T. 

En pratique, lorsqu’il se détache de la position d’obturation, l’organe d’obturation 

62 est propre à se déplacer librement suivant une multitude d’axes dans un cône 64 

centré sur l’axe A-A’ de l’orifice de vidange 36, au niveau de l’orifice 36. Le cône 64 20 

présente un angle d’ouverture vers l’espace intérieur 32 supérieur à 30°, de préférence 

supérieur à 90°, et avantageusement égal à 180°.  

Aucun moyen mécanique de retenue ne raccorde l’organe d’obturation 62 à la 

poche gonflable 24 et/ou au siège 60. 

Une fois détachée de la position d’obturation, l’organe d’obturation 62 est propre à 25 

atteindre au moins une position de libération de l’orifice 36, cette position dépendant de 

l’orientation de la patiente 22, et de celle du champ magnétique extérieur. 

En particulier, l’organe d’obturation 62 est propre à occuper une pluralité de 

positions de libération distinctes, dans l’espace intérieur 32, après avoir quitté la position 

d’obturation, dont une est illustrée sur la figure 8.  30 

En référence aux figures 1 et 3, le dispositif 16 de gonflage et de largage du 

ballonnet 12 comporte un tuteur souple 70 portant à son extrémité distale 71 le ballonnet 

12, un tube de gonflage 72 disposé dans le tuteur 70, et avantageusement, une tige 

mandrin 74 disposée dans le tube de gonflage 72 pour le rigidifier. 



 160 

 

 9

Le dispositif 16 comporte en outre un embout proximal 76, pour sa manipulation 

par un praticien, et avantageusement, une gaine amovible 78 de protection du ballonnet 

12. 

Le tuteur 70 s’étend entre l’embout proximal 76 et l’extrémité distale 71. Il est 

propre à être déformé pour être introduit dans la patiente 22 avantageusement par voie 5 

endoscopique, et atteindre la cavité 14. 

Le tube de gonflage 72 s’étend à travers le tuteur 70. Il est raccordé en amont à un 

réservoir 80 d’injection de fluide. 

Le tube de gonflage 72 présente une partie distale 82 qui fait saillie par rapport à 

l’extrémité distale 71 du tuteur 70 pour être introduite dans la lumière centrale 50 de la 10 

vanne de remplissage 26. 

La gaine amovible 78 est propre à couvrir le ballonnet 12 lors de son introduction 

jusqu’à la cavité 14. Elle est mobile longitudinalement autour du tuteur 70 pour découvrir 

le ballonnet 12, à son point d’implantation dans la cavité 14. 

Le fonctionnement du nécessaire de traitement 10 dans le cadre d’une 15 

implantation dans une cavité corporelle 14 va maintenant être décrit. 

Cette implantation est par exemple réalisée dans la trachée d’un fœtus 18 présent 

dans la cavité amniotique 20 d’une patiente 22. 

Initialement, le ballonnet 12 est monté à l’extrémité distale 71 du tuteur 70 du 

dispositif de gonflage et de largage 16. La partie distale 82 du tube de gonflage 72 est 20 

introduite dans la vanne de remplissage 26, par déformation radiale du joint annulaire 52. 

L’organe d’obturation 62 est plaqué en regard du siège 60 contre la région 

périphérique 40. Il occupe sa position d’obturation de l’orifice 36. 

La poche 24 occupe alors sa configuration dégonflée, d’étendue radiale minimale, 

visible sur les figures 1 et 5. 25 

Le dispositif 16, muni du ballonnet 12 à son extrémité est alors introduit dans la 

patiente 22, par voie endoscopique. Dans l’exemple représenté sur la figure 3, le praticien 

l’introduit dans la cavité amniotique 20, puis l’amène à travers les voies respiratoires du 

fœtus 18 jusqu’à la trachée, en passant à travers les cordes vocales (figure 4). 

Une fois l’extrémité distale 71 dans la cavité 14, le praticien extrait le ballonnet 12 30 

hors de la gaine 78, en tirant la gaine 78 vers l’embout proximal 76, comme visible sur la 

figure 5.  

La poche gonflable 24 occupe toujours sa configuration dégonflée. 

Le praticien injecte alors du fluide de gonflage dans l’espace intérieur 32 à travers 

le tube de gonflage 72 introduit dans la vanne de remplissage 26. La poche 24 se dilate 35 
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radialement pour atteindre sa configuration gonflée, en appui sur la paroi délimitant la 

cavité 14, comme visible sur la figure 6. 

Puis, le praticien détache le ballonnet 12 du dispositif de gonflage et de largage 

16, en extrayant le tube de gonflage 72 hors de la vanne de remplissage 26. La vanne de 

remplissage 26 se referme par dilatation radiale du joint annulaire 52. 5 

Le praticien retire alors le dispositif 16 de la patiente 22. 

Durant le gonflage, et après celui-ci, l’organe d’obturation 62 reste dans sa 

position d’obturation. Le fluide de gonflage reste donc confiné dans le volume intérieur 32. 

La cavité 14 est alors obturée. Dans le cas d’un fœtus 18 souffrant d’hernie 

diaphragmatique congénitale, le développement pulmonaire du fœtus est amélioré, grâce 10 

à la présence du ballonnet 12 gonflé dans la trachée. 

Lorsque le ballonnet 12 doit être retiré, la patiente est soumise à un champ 

magnétique extérieur de forte intensité, par exemple d’intensité supérieure à 0,1 T. 

Ce champ magnétique est par exemple produit par un appareil d’imagerie par 

résonance magnétique. Selon les circonstances, la patiente se positionne dans l’appareil 15 

lors d’une acquisition d’image ou de préférence sans acquisition d’images dans l’appareil. 

Préférentiellement, la patiente n’a pas besoin de se positionner dans l’appareil, le champ 

de fuite de l’appareil allumé ou à l’entrée du tunnel est avantageusement suffisant pour 

produire un champ magnétique adéquat pour libérer l’organe d’obturation 62, auquel cas 

la patiente se tiend simplement debout devant la machine. 20 

De préférence, comme illustré par la figure 8, l’orientation relative entre le champ 

magnétique et la patiente 22 est modifié, par exemple en déplaçant la patiente, pour que 

le champ magnétique soit appliqué suivant au moins deux axes H1 et H2 distincts, 

comme illustré par la figure 8.  

Le champ magnétique extérieur engendre une force d’attraction sur l’organe 25 

d’obturation 62 qui surmonte la force de coopération entre l’organe d’obturation 62 et le 

siège 60. 

Sous l’effet du champ magnétique extérieur, l’organe d’obturation 62 se déplace à 

l’écart de l’orifice de vidange 36, jusqu’à une position de libération de l’orifice 36, 

représentée par exemple sur la figure 8. 30 

Au moins une partie du fluide présent dans l’espace intérieur 32 s’écoule alors 

depuis l’espace intérieur 32 vers l’extérieur, à travers l’orifice de vidange 36, provoquant 

le dégonflage rapide du ballonnet 12. 

Les voies respiratoires du fœtus sont alors à nouveau dégagées. Le ballonnet 12 

est alors apte à être expulsé hors du fœtus par la libération du fluide pulmonaire en 35 

surpression, ou est retiré quelques jours après la naissance. 
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La libération de l’organe d’obturation 62 est immédiate et très facile à réaliser. 

Aucune liaison mécanique n’existant entre d’une part, l’organe d’obturation 62 et d’autre 

part, la poche gonflable 24 ou le siège 60, cette libération est très fiable et ne dépend pas 

d’un mécanisme mécanique ou électrique. Au contraire, le dégagement de l’orifice de 

vidange 36 est exclusivement provoqué par le champ magnétique extérieur appliqué, 5 

combiné aux forces de gravité s’appliquant sur l’organe d’obturation 62. 

Cette libération est en outre non invasive pour la patiente 22, puisqu’elle peut être 

réalisée à distance, sans avoir à inciser la patiente 22, voire à pénétrer dans la cavité 

amniotique 20. 

La vanne de vidange 28 ainsi obtenue est peu coûteuse à réaliser, tout en 10 

assurant un fonctionnement adéquat, quelles que soient les circonstances. 

Les risques pour le fœtus 18 sont donc totalement écartés, puisque le retrait du 

ballonnet 12 est facilité par son dégonflage immédiat, et son expulsion hors de la trachée, 

au moment souhaité et sans procédure invasive.  

La patiente 22 bénéficie d’un traitement adéquat, assurant le bon développement 15 

de son fœtus 18, sans nécessairement être maintenue au voisinage ou au sein d’un 

centre hospitalier spécialisé, ce qui limite les coûts en maintenant la qualité de soins. 

Un deuxième nécessaire de traitement 110 selon l’invention est illustré par les 

figures 9 à 13. 

Le ballonnet 12 du deuxième nécessaire 110 est formé de manière similaire au 20 

ballonnet 12 du premier nécessaire 10. En particulier, les dimensions du ballonnet 12 du 

deuxième nécessaire 110 sont analogues à celles du ballonnet 12 du premier nécessaire 

10. 

Toutefois, à la différence du premier nécessaire 10, le ballonnet 12 comporte une 

vanne unique formant à la fois une vanne de remplissage 26 et une vanne de vidange 28.  25 

L’orifice de vidange 36 est constitué par l’orifice de remplissage 34 à l’extrémité de 

la vanne 26, 28. La poche 24 est donc munie d’un orifice 34, 36 unique permettant le 

remplissage de l’espace intérieur 32 en fluide et la vidange du fluide contenu dans 

l’espace intérieur 32. 

L’organe d’obturation 62 obture par défaut la vanne de remplissage 26. Ainsi, la 30 

bague périphérique 54 délimitant la vanne de remplissage 26 est dépourvue de joint 

annulaire. Elle définit donc une lumière centrale 50 dégagée en permanence. 

Comme pour le ballonnet 12 du premier nécessaire 10, la poche 24 se prolonge 

par un manchon 38 inséré dans la bague périphérique 54 et délimitant la périphérie de la 

lumière centrale 50. 35 
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Dans cet exemple, le manchon 38 se prolonge au-delà de la bague 54, à l’opposé 

de la poche 24, par un embout annulaire 112 s’ouvrant vers l’extérieur. 

La bague périphérique 54 est ici en matériau métallique ferromagnétique. Elle 

définit le siège 60, sur lequel s’appuie l’organe d’obturation 62 dans la position 

d’obturation, sur la région périphérique 40. 5 

L’organe d’obturation 62 présente ici une aimantation permanente. Il s’applique 

donc au repos sur le siège 60, dans la position d’obturation. 

Le fonctionnement du deuxième nécessaire 110 selon l’invention est analogue à 

celui du premier nécessaire 10. 

Toutefois, à la différence du premier nécessaire 10, le tube de gonflage 72 est 10 

introduit dans la bague périphérique 54 de la vanne de remplissage 26, sans ouvrir 

l’orifice de remplissage 34, puisque l’organe d’obturation 62 reste appliqué sur le siège 

60. 

Comme illustré par la figure 10, la force hydraulique générée par la pression du 

fluide injecté par le tube de gonflage 72, pousse l’organe d’obturation 62 à l’écart du siège 15 

60 et surmonte au moins partiellement la force magnétique retenant l’organe d’obturation 

62 sur le siège 60.  

Un interstice se forme alors entre le siège 60 et l’organe d’obturation 62 

permettant l’entrée de fluide dans l’espace intérieur 32 et le gonflage de la poche 24. 

Lorsque le gonflage s’achève, l’organe d’obturation 62 reprend sa position 20 

d’obturation sous l’effet de la force magnétique. L’espace intérieur 32 de fluide est obturé 

de manière étanche, comme l’illustre la figure 11. Une pression induite, par exemple 

supérieure à  0,5 bars relatifs, et notamment de l’ordre de 1 bar relatifs subsiste dans 

l’espace intérieur 32 du ballonnet 12. 

Cette pression est nécessaire au démarrage du gonflage (amorçage de l’élasticité 25 

du ballonnet 12). Cette pression baisse dans la deuxième phase du gonflage. La pression 

induite dépend de l’élasticité du matériau, de l’épaisseur de paroi, de la longueur initiale 

du ballonnet, etc. Elle favorise l’étanchéité de la vanne.  

Pour dégonfler le ballonnet 12, la patiente est soumise à un champ magnétique 

extérieur de forte intensité, comme décrit précédemment. 30 

Comme visible sur la figure 12, ceci engendre la libération de l’organe d’obturation 

62 au moins temporairement à l’écart du siège 60 et le passage de fluide autour de 

l’organe d’obturation 62 vers la lumière centrale 50 pour dégonfler la poche 24. 

Le déplacement de l’organe d’obturation 62 à l’écart du siège 60 est 

avantageusement très limité, par exemple limitée à quelques centièmes, voir quelques 35 

dixièmes de millimètres. 
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L’organe d’obturation 62 est cependant déplaçable suivant au moins deux axes 

distincts par rapport à la poche 24, comme pour le ballonnet 12 du premier nécessaire 10, 

ce qui ne nécessite pas de contrôler l’orientation du champ magnétique suivant une 

direction spécifique pour libérer l’organe d’obturation 62. 

Avantageusement, pour chacun des ballonnets 12 décrits précédemment, l’organe 5 

d’obturation 62 et/ou la bague périphérique 54 sont munis d’un revêtement biocompatible 

114. 

Ce revêtement est par exemple un revêtement en titane, en carbone, en polymère 

fluoré (notamment en polytétrafluoroéthylène), ou/et en parylène. En variante, le 

revêtement est un film, notamment un film polymère, par exemple en polyisoprène, ou en 10 

polyuréthane. 

Dans l’exemple représenté sur la figure 13, au moins une surface périphérique 

extérieure 116 de la bague 54 est munie du revêtement biocompatible. Avantageusement, 

une surface périphérique intérieure 118 de la bague 54 et la surface extérieure de 

l’organe d’obturation 62 sont également munies de ce revêtement,  15 

Dans encore une autre variante, visible sur la figure 14, la bague 54 présente un 

chanfrein 201 à son extrémité formant le siège 60 de l’organe d’obturation 62. 

L’organe d’obturation 62 est ainsi apte à entrer plus dans le diamètre intérieur de 

la bague 54. Ceci augmente la surface de contact et donc l’étanchéité entre l’organe 

d’obturation 62 et la bague 54, prise au niveau du siège 60.  20 

Dans une variante (non représentée), l’organe d’obturation 62 après avoir quitté la 

position d’obturation n’est pas nécessairement déplaçable librement dans tout l’espace 

intérieur 32, mais uniquement dans une région limitée de l’espace intérieur 32. Par 

exemple, un compartiment de réception de l’organe d’obturation 62 est monté dans 

l’espace intérieur 32 autour de l’orifice de vidange 36. 25 

Dans une autre variante (non représentée), l’organe d’obturation 62 est disposé 

dans sa position d’obturation à l’extérieur de l’espace intérieur 32. Un compartiment de 

réception de l’organe d’obturation 62 est monté sur la poche 24, à l’extérieur de celle-ci, 

autour de l’orifice de vidange 36. Ce compartiment de réception est de préférence ajouré 

pour permettre l’écoulement du fluide provenant de l’espace intérieur 32. 30 

Dans d’autres variantes, l’organe d’obturation 62 ne présente pas une forme 

sphérique mais présente une autre forme, par exemple polyédrique. 

 

 

35 
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REVENDICATIONS 

 

1.- Ballonnet (12) gonflable, destiné à être implanté dans une cavité (14) 

corporelle, comportant : 

- une poche (24) formée d’une paroi étanche (30) délimitant un espace intérieur 5 

(32) ; 

- une vanne de remplissage (26) de l’espace intérieur (32) par un fluide, propre à 

être obturée après remplissage de l’espace intérieur (32) ; 

caractérisé en ce que la poche (24) délimite un orifice de vidange (36) de fluide 

débouchant dans l’espace intérieur (32), le ballonnet (12) comportant un organe 10 

d’obturation (62) de l’orifice de vidange (36), l’organe d’obturation (62) étant propre à 

libérer l’orifice de vidange (36) sous l’effet d’un champ magnétique, pour permettre la 

vidange au moins partielle du fluide contenu dans l’espace intérieur (32), l’organe 

d’obturation (62) étant déplaçable suivant au moins deux axes distincts par rapport à la 

poche (24). 15 

2. - Ballonnet (12) selon la revendication 1, dans lequel l’organe d’obturation (62) 

est disposé dans l’espace intérieur (32). 

3. - Ballonnet (12) selon la revendication 2, dans lequel l’organe d’obturation (62) 

est librement déplaçable dans l’espace intérieur (32) défini par la poche (24) sous l’effet 

d’un champ magnétique. 20 

4. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel l’organe d’obturation (62) est propre à être maintenu dans une position d’obturation 

de l’orifice de vidange (36) par aimantation, l’organe d’obturation (62) étant propre à être 

déplacé à l’écart de l’orifice de vidange (36) sous l’effet d’un champ magnétique propre à 

vaincre l’aimantation maintenant l’organe d’obturation (62) dans la position d’obturation de 25 

l’orifice de vidange (36). 

5. - Ballonnet (12) selon l’une quelconque des revendications précédentes, 

comprenant au moins un siège de retenue (60) de l’organe d’obturation (62), disposé au 

voisinage de l’orifice de vidange (36), l’organe d’obturation (62) coopérant par aimantation 

avec le siège de retenue (60) dans une position d’obturation de l’orifice de vidange (36), le 30 

siège de retenue (60) étant préférentiellement un anneau, rapporté sur la paroi étanche 

(30) autour de l’orifice de vidange (36). 

6. - Ballonnet (12) selon la revendication 5, dans lequel le siège de retenue (60) 

est couvert d’une couche d’un matériau souple, l’organe d’obturation (62) étant disposé 

en appui sur la couche de matériau souple dans une position d’obturation de l’orifice de 35 

vidange (36). 
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7. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel l’organe d’obturation (62) est une bille. 

8. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel l’organe d’obturation (62) présente une aimantation permanente. 

9. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 5 

lequel l’organe d’obturation (62) est propre à être déplacé jusqu’à au moins deux positions 

distinctes de libération de l’orifice de vidange (36) sur deux axes sécants passant par 

l’orifice de vidange. 

10. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel la paroi étanche (30) de la poche (24) est réalisée à partir d’un polymère choisi 10 

parmi le silicone, le latex, le polyuréthane, et/ou le polyisoprène.  

11. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel l’orifice de vidange (36) est défini par la vanne de remplissage (26), l’organe 

d’obturation (62) étant propre à fermer la vanne de remplissage (26) après remplissage 

de l’espace intérieur (32). 15 

12. - Ballonnet (12) selon l’une quelconque des revendications précédentes, dans 

lequel la vanne de remplissage (26) comporte une bague de guidage (54) d’un tube (72) 

de gonflage du ballonnet (12), la bague de guidage (54) et/ou l’organe d’obturation (62) 

présentant un revêtement biocompatible (114). 

13. - Nécessaire (10) de traitement d’un patient, comportant : 20 

- un ballonnet (12) selon l’une quelconque des revendications précédentes ; 

- un dispositif (16) de gonflage et de largage du ballonnet (12), comprenant un 

tuteur (70) de support du ballonnet (12), le ballonnet (12) étant monté de manière 

libérable sur le tuteur de support (70), et un tube (72) de gonflage du ballonnet (12), 

propre à être inséré de manière libérable dans la vanne de remplissage (26). 25 

14. - Procédé de vidange d’un ballonnet (12) selon l’une quelconque des 

revendications 1 à 12, le ballonnet (12) étant implanté dans une cavité corporelle (14), 

l’espace intérieur (32) du ballonnet (12) contenant du fluide, l’organe d’obturation (62) 

obturant l’orifice de vidange (36), le procédé comprenant les étapes suivantes : 

- soumission du ballonnet (12) à un champ magnétique externe, avantageusement 30 

produit par un appareil de résonance magnétique nucléaire, suivant au moins une 

première direction (H1) ; 

- déplacement de l’organe d’obturation (62) suivant au moins un axe sous l’effet du 

champ magnétique externe, pour libérer l’orifice de vidange (36) ; 

- vidange au moins partielle du fluide contenu dans l’espace intérieur (32) à travers 35 

l’orifice de vidange (36). 
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15. - Procédé selon la revendication 14, comprenant une étape de soumission du 

ballonnet (12) à un champ magnétique externe, avantageusement produit par l’appareil 

de résonance magnétique nucléaire, suivant au moins une deuxième direction (H2), 

distincte de la première direction (H1). 

 5 
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 ABREGE  

 

 

 

Ballonnet gonflable et détachable, destiné à être implanté dans une cavité 

corporelle, nécessaire de traitement  et procédé de vidange associés 

 

 

Le ballonnet (12) comporte : 

- une poche (24) formée d’une paroi étanche (30) délimitant un espace intérieur 

(32) ; 

- une vanne de remplissage de l’espace intérieur (32) par un fluide, propre à être 

obturée après remplissage de l’espace intérieur (32). 

La poche (24) délimite un orifice de vidange (36) de fluide débouchant dans 

l’espace intérieur (32). Le ballonnet (12) comporte un organe d’obturation (62) de l’orifice 

de vidange (36), l’organe d’obturation (62) étant propre à libérer l’orifice de vidange (36) 

sous l’effet d’un champ magnétique, pour permettre la vidange au moins partielle du fluide 

contenu dans l’espace intérieur (32). L’organe d’obturation (62) est déplaçable suivant au 

moins deux axes distincts par rapport à la poche (24). 

 

Figure 2 
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  Smart-TO balloon and delivery system 
Instruction for use 

 
1 – Description 
 
Detachable Smart-TO balloon and delivery system include different components listed below. 

Delivery system (length 935 mm) equipped with Luer Lock valve and delivered in a dispenser, 

Stylet Ø0.2 mm x 937 mm equipped with a pod and delivered in a dispenser, 

Luer Lock 1 ml Syringe, 
Smart-TO balloon equipped with magnetic valve, Ø 7x 20 mm, delivered in a dedicated pouch. 
 

 
Proximal end  Distal end 

 

 

 
 

Luer Lock valve 

  

Smart-TO balloon 

 

2 – Indication 
 
BS-MTI delivery systems for detachable balloon allow the introduction of Smart-TO balloons 

and are indicated for the use in the fetal endoscopic tracheal occlusion (FETO) for congenital 

diaphragmatic hernia (CDH) treatment. 

 

3 – Additional precautions 
 
Precautions for use listed below must be scrupulously followed to ensure the proper functioning 

of the device and the safety of the patient. 

- Do not use if the pouch is open and/or damaged, thus compromising the sterility and/or the 

integrity of the kit. 

- Carefully respect the instruction for use. 

- Respect instruction for use of products injected in the delivery system and balloon. 

- Wet the delivery system distal tip before mounting the balloon. 

- Do not infuse with any other syringe as the one provided with the delivery system. 
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- Respect the recommended inflate volume of the Smart-TO balloon as indicated on the product 

label: 0.7 ml max. 

- Never inflate the balloon with air. 

- Fit the balloon on the catheter just before its use (do not leave it dry out). 

- Be careful not to pierce or damage the balloon during mounting. 

- Do not use the balloon if its connection to the delivery system is difficult or if it does not 

perfectly fit the delivery system. 

- These products must be used by expert physician in interventional fetal surgery. 

- Delivery system and balloons are single use. Delivery system and balloons are sterile when 

the packaging is not damaged. Do not re-use and/or re-sterilize delivery system. 

- Any re-use of the device or part is strictly prohibited because it causes a high risk of 

microbiological contamination for the patient and a loss of the performance of the device. 

- Store in a dry place at room temperature and away from light. 

- Do not use the product after expiry date. 

 
4 – Instruction for use 
 
4-1 – Delivery system preparation 
Carefully inspect the sterile pouch: it must be unopened and undamaged. Carefully open the 

sterile pouch, remove the delivery system from the dispenser. Inspect the catheter prior to use 

in order to verify that is it undamaged and unfolded. 

Fill the syringe with sterile physiological solution. 

Introduce the delivery system into one of the side-ports of the fetoscope and move it forward 

until it goes out of the distal side of the endoscopic sheath. When the distal end of delivery 

system is out from a few centimeters, connect the syringe to the Luer Lock valve at the proximal 

end of the delivery system. 

Control flow through delivery system using syringe and saline solution and flush the catheter. 

 

4-2 – Smart-TO balloon control and connection 
Carefully inspect the sterile pouch of the balloon: it must be unopened and undamaged. 

Carefully open the sterile pouch and remove the Smart-TO balloon. Inspect the balloon prior to 

use in order to verify it is undamaged. 

Wet the proximal end of the balloon and mount it on the distal end of the delivery system. The 

black part of the tube must be completely inserted into the metal ring of the balloon. 

Fill in the balloon with recommended volume of 0.7 ml physiological solution to test balloons 

inflation. 

Disconnect the syringe from the delivery system and introduce the stylet into the black tube 

visible at the proximal end of the delivery system. Place the stylet in the delivery system until 

the pod reach the stop from the black tube. 

Drain the Smart-TO balloon: a simple pressure on the magnetic ball inside the balloon allows 

fluid to flow. Please watch that at the end of emptying that the magnetic ball returns in contact 

with the metal ring. 

Slowly remove the stylet from the delivery system. 

Back up the delivery system in the endoscopic sheath until the balloon is inside (at the edge of 

the distal part of the endoscopic sheath). 
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4-3 – Delivery system introduction and balloon positioning 
According to the protocol in force, introduce the fetoscope to reach the trachea of the fetus and 

position the balloon in its optimal position i.e. approximately at the carena level. Inject 

recommended volume of 0.7 ml of sterile physiological solution. 

In case of incorrect positioning of the balloon in the trachea, remove the syringe and introduce 

the stylet in the black tube at the proximal end of the delivery system. Push the stylet into the 

tube until the pod comes against the black tube. 

Drain the Smart-TO balloon: a simple pressure on the magnetic ball inside the balloon allows 

fluid to flow. Emptying can take up to a minute. After complete deflating of the balloon, slowly 

remove the stylet from the balloon and then from the delivery system. 

Refill the syringe with sterile physiological solution and connect the syringe to the delivery 

system. Inflate the balloon again by injecting recommended volume of 0.7 ml of sterile 

physiological solution. 

 

4-4 – Balloon release 
Pull gently on the delivery system to release the balloon. 

 
5 – Recommendations for patient 
 
The patient must be under close surveillance conducted at pre-set time intervals and according 

to established protocols. 

At the end of the appropriate period (or before, in case of spontaneous labor or preterm 

premature rupture of membranes), occlusive Smart-TO balloon should be deflated by 

presenting the patient in front of an MRI scanner, according to established protocol. 

 

Deflation protocol description: 

 

Deflation protocol!,-P&'!A;-3&!+.!-.!2DO!&=-5+.-,+$.!#$$5>!F$!0&!.$,&4!,*-,!,*&!%#+.8&!%+&;4!
$A&#-,&'!.&-#!,*&!2DO!'+.3&!,*&!5-3*+.&!+'!$.V!Q+,*!.$!.&&4!%$#!-.!+5-8+.8!-3B(+'+,+$.>!F*&!
A-,+&.,!5(',!0&!A$'+,+$.&4!+.!%#$.,!$%!,*&!2DO!'3-..&#V!Q+,*!*&#!-04$5&.!%-3+.8!,*&!,(..&;>!
F*&.!'*&!.&&4'!,$!5-P&!-!B(-#,&#!,(#.!$.!*&#'&;%!+.!%#$.,!$%!,*&!5+44;&!$%!,*&!,(..&;!-.4!,(#.!
-#$(.4!,*&!2DO!'3-..&#!',-1+.8!3;$'&!,$!,*&!5-3*+.&>!E.!,*&!$,*&#!'+4&!$%!,*&!5-3*+.&V!$.3&!
-8-+.!'*&!Q+;;!.&&4!,$!A$'+,+$.!*&#!-04$5&.!%-3+.8!,*&!,(..&;V!5-P&!-!B(-#,&#!,(#.!+.!%#$.,!$%!
,*&!5+44;&!$%!,*&!,(..&;!-.4!,(#.!-#$(.4!,*&!2DO!5-3*+.&!$.!,*&!$,*&#!'+4&!(.,+;!,*&!$,*&#!
'+4&!$%!,*&!,(..&;>!F*&!A-,+&.,!'*-;;!,*&.!;&-7&!,*&!2DO!#$$5> 
An ultrasound scan should be performed after this procedure to control the balloon deflation. 

In case the balloon has not been completely emptied, a second surgery should be considered 

with the patient in order to remove the balloon before the birth. 

 

6 – Complications 
 
The possible complications associated with the use of delivery system for the detachable 

balloons or treatment procedures by fetal endoscopy include: 

- occasional minor access site complication 

- occasional preterm premature rupture of the membranes 

- occasional premature birth 
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- improbable allergic reaction due to latex  

- unimaginable death of the fetus 

 

7 – Warnings 
 
This device must only be used by a physician or specialist staff members, with the pre-requisite 

training as well as the experience and training in the technique of fetal endoscopic tracheal 

occlusion. 

 
8 – Disposal 
 
After use, dispose product and packaging in accordance with hospital, administration and/or 

local government policy. 

 

9 – Product information disclosure 
 
BS-MTI cannot be sued for damages for improper use of its material. 

If the products are damaged or destroyed before use, or if they have a defect during use, keep 

the product and inform the BS-MTI company. 

The return of goods, after agreement from the BS-MTI company, must be in their original 

packaging. 

In case of dispute or appeal, the Court of the head office of BS-MTI is the only competent and 

the French law is applicable. 

 

       

       

 

 

Delivery system and Smart-TO balloon exclusively made in France 

 

 

 

BS-MTI 

Medical Tech Industry, 2 rue de l’avenir 67470 Niederroedern France 

Certifié DIN en ISO 13485 :2012 

Directive 93/42/CEE Medical Device – Annexe II 

 

 

 

Date of first CE marking… 
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n\>! L&.-3*+!KV!/&;&@$+4&!KUV!)*-+;;&1:G&(!LV!"#&&3&!2V!L$(#0$.!MDV!D14&#!F>!
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;-!0+;;&!-+5-.,9!'$.,!,$('!;&'!4&(=!#&3$(7&#,'!4&!A-#1;N.&!-%+.!46-''(#&#!;-!0+$3$5A-,+0+;+,9>!
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$.,!9,9!#9-;+'9'!'&;$.!l!4+%%9#&.,&'!*-(,&(#'!&,!j!-.8;&'!4+%%9#&.,'!`�xk�V!lk�V!rk�V!-.4!sk�a>!U&!
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