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1. Wykaz stosowanych skrotow

AUC — pole powierzchni pod krzywa ROC

AV — zyta nieparzysta

DPA - odroczone pierwotne zespolenie przetyku

EA, OA — zaroénigcie przetyku

ERNICA — European Reference Network for Rare Inherited Congenital Anomalies
GER - refluks zotadkowo-przetykowy

GOSH — Great Ormond Street Hospital in London, United Kingdom
LGEA, LGOA - dlugoodcinkowe zaro$nigcie przetyku

MIS — chirurgia maloinwazyjna

NG tube — sonda nosowo-zotadkowa

TEF — przetoka tchawiczo-przetykowa

RT-MRI — obrazowanie rezonansem magnetycznym w czasie rzeczywistym
TK — tomografia komputerowa

USG - ultrasonografia
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3. Wstep

3.1 Wrodzone zarosni¢cie przelyku

Wrodzone zaro$nigcie przelyku jest wada, w ktorej stwierdza si¢ brak
anatomicznej ciggtosci przetyku [1]. W 93-949% przypadkoéw wystepuje rowniez przetoka
tchawiczo-przetykowa. Istnieje szereg klasyfikacji morfologicznych wady, z ktérych
najczesciej stosowana jest klasyfikacja Grossa [2]. Obejmuje ona nastgpujace postaci:

1) typ A — zarodnigcie przelyku bez przetoki tchawiczo-przetykowej, tzw.

czyste lub izolowane zaro$nigcie przetyku (6-7%);

2) typ B — zarosnigcie przelyku z przetoka tchawiczo-przetykowa do odcinka

blizszego przetyku (5%);

3) typ C — zarosnigcie przelyku z przetoka tchawiczo-przetykowa do odcinka

dalszego przetyku (84%);

4) typ D — zaro$nigcie przetyku z przetoka tchawiczo-przetykowa do obu
odcinkéw  (1%);

5) typ E —izolowana przetoka tchawiczo-przetykowa, tzw. przetoka H (4%);

6) typ F —wrodzone zw¢zenie przetyku (kazuistyczne).

Zarosnigcie przetyku moze by¢ rozpoznane jako izolowana wada, lub moze by¢
sktadowa wielu wad wrodzonych jako wielowadzie, albo posta¢ zespotowa (zespot
CHARGE, czyli zespot Halla-Hittnera, trisomia 18, trisomia 21, trisomia 13, zespo6t
Smitha-Lemliego-Opitza, zespo6t Feingolda, asocjacja VACTERL). Etiologia zaro$nigcia
przetyku jest wieloczynnikowa, obejmujaca zaréwno czynniki $rodowiskowe, jak i
genetyczne oraz ich wzajemne interakcje.

Wadeg rozpoznaje si¢ zwykle w pierwszych godzinach po urodzeniu dziecka,
jednak diagnostyka prenatalna pozwala na wczes$niejsze wysunigcie jej podejrzenia na
podstawie cech obrazu ultrasonograficznego. Brak dobrze uwidocznionego zotadka w
kolejnych dwoch badaniach USG lub tez zotadek o $rednicy mniejszej niz 10 mm, a takze
wielowodzie, nasuwajg silne podejrzenie niedroznosci przetyku [3].

Na pelny obraz kliniczny zaros$nigcia przetyku u noworodka i jego wydolnos¢
oddechowo-krazeniowa sktadaja si¢ czynniki, takie jak: typ wady, towarzyszace
malformacje, urodzeniowa masa ciala 1 wiek urodzeniowy. Stalymi elementami
symptomatologii 1 wczesnej diagnostyki dziecka po urodzeniu jest opor przy probie
wprowadzenia cewnika do Zoladka, zwykle na glebokosci 10-12 cm. W patogenezie
zaburzen oddechowych wystepujacych u dziecka odgrywaja rolg: brak droznos$ci
przetyku i gromadzaca si¢ w jamie ustno-gardtowej $lina, obecno$¢ dystalnej przetoki
tchawiczo-przetykowej, powodujacej przedostawanie si¢ tresci zotadkowej do drzewa
oskrzelowego, rozdecie powietrzem zotadka i ograniczenie ruchomosci przepony oraz
rozwijajace si¢ w nastgpstwie zapalenie ptuc.

Smiertelno$¢ w zarosnieciu przetyku zmniejszyla si¢ znaczaco na przestrzeni lat
2 50-70% do okoto 11% wraz z rozwojem technik chirurgicznych oraz opieki perinatalne;j
[4-6]. Obowigzujace dawniej klasyfikacje rokownicze — Waterstona, montrealska, Spitza
wskazuja jednak na istotne czynniki obcigzajace przebieg leczenia dzieci z zaro$nigciem
przetyku, takie jak: wady towarzyszace, w szczegdlnosci cigzkie wady serca,
wczesniactwo 1 niska masa urodzeniowa, niewydolno$¢ oddechowa i zapalenie ptuc [1].
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3.2 Zastosowanie torakoskopii w leczeniu zaro$ni¢cia przelyku

Na przestrzeni ostatnich dwoch dekad techniki chirurgii matoinwazyjnej staty
si¢ obiecujacym dostgpem operacyjnym, majacym zastosowanie takze w zabiegach z
zakresu chirurgii rekonstrukcyjnej oraz w populacji pacjentow pediatrycznych.
Szczegolne wyzwanie stanowi okres noworodkowo-niemowlegcy. Pierwsze pomys$ine
torakoskopowe zespolenie przetyku u 2-miesiecznego dziecka z typem A zaro$nigcia
przetyku wykonat Prof. S. Rothenberg i Prof. T. Lobe w Berlinie w 1999 r. Pierwsza
pomys$lna torakoskopowa operacja zarosnigcia przetyku typu C na $wiecie u
donoszonego noworodka, podczas ktorej zamknigto przetoke tchawiczo—przetykowa
dalsza 1 wykonano zespolenie przelyku, zostala przeprowadzona przez Prof. S.
Rothenberga w 2000 r. [7], natomiast pierwsza w Polsce udana operacja zaro$nigcia
przetyku z przetoka tchawiczo-przetykowa dalszg zostala wykonana przez Prof.
D. Patkowskiego we Wroctawiu 18.08.2005 [8]. Stanowito to przetomowy moment w
chirurgii noworodka — otwarcie drogi dla chirurgii matoinwazyjnej klatki piersiowej u
najmniejszych pacjentoéw. Zastosowanie torakoskopii, w miar¢ rozwoju techniki i
doswiadczenia chirurgicznego, zmienito sposob postgpowania oraz wyniki leczenia
réznych typow zaro$nigcia przetyku. Ostatnie dane w literaturze wykazaty
poréwnywalne kliniczne wyniki leczenia zaro$nigcia przetyku typu C technikg klasyczna
i torakoskopowa w grupie noworodkéw donoszonych bez istotnych wad towarzyszacych
[9-13]. Torakoskopia jest jednak technika trudna, wymagajaca duzego doswiadczenia
oraz umiej¢tnosci manualnych, zwlaszcza szycia chirurgicznego w endoskopii.
Szczegdlnie zastosowanie torakoskopii w okreslonych grupach pacjentow z
zaro$nigciem przetyku: u noworodkéw z postacia dlugoodcinkowa oraz w grupie
pacjentdw z masg urodzeniowg ponizej 2000 g, stanowi wcigz ogromne wyzwanie dla
chirurga. Dlatego, zgodnie z konsensusem ERNICA, operacje torakoskopowe powinny
by¢ przeprowadzone w osrodkach o odpowiednim do§wiadczeniu [14].

W literaturze opisano szereg korzystnych dla pacjenta aspektéw zastosowania
chirurgii matoinwazyjnej, takich jak: zmniejszenie bolu pooperacyjnego szybszy okres
rekonwalescencji, krotszy czas hospitalizacji, mniejszy rozmiar i widoczno$¢ blizn,
deformacji tkanek oraz korzystniejszy efekt estetyczny [15,16]. Klasyczny dostep do
klatki piersiowej, czyli torakotomia, jest zwigzana z uszkodzeniem aparatu mi¢sniowo-
szkieletowego 1 wynikajacym stad istotnie zwigkszonym ryzykiem p6znych powiktan,
takich jak deformacje klatki piersiowej 1 kregostupa: skolioza, zebrozrost,
znieksztalcenia obreczy barkowej oraz zaburzenia ruchomosci klatki piersiowe;.
Nastepstwa te moga poglebiaé si¢ wraz z wiekiem, zwlaszcza w okresie
pokwitania [17-22]. Opisano w literaturze zmiany morfologiczne i czynnosciowe po
torakotomii z powodu zaros$nigcia przelyku, zwizualizowane metodami RT-MRI:
ograniczony rozwoj i objetos¢ prawej czesci klatki piersiowej oraz pluc [23].
Torakoskopia, jako technika minimalnego dost¢pu, bez naruszenia struktury mi¢sniowo-
szkieletowej klatki piersiowej, moze istotnie zmniejszaé czesto$¢ wystepowania i
nasilenie deformacji klatki piersiowej i kregostupa, a nawet pozwala¢ na ich uniknigcie,
jednak wcigz w piSmiennictwie jest za mato danych [8,15,16,19,24,25]. Torakoskopia
zapewnia ponadto perfekcyjng wizualizacj¢ pola operacyjnego i powigkszenie obrazu,
co umozliwia wigksza precyzj¢, stwarza szanse uwidocznienia trudno dostepnych
przestrzeni operacyjnych oraz zaoszczg¢dzenia struktur anatomicznych [7,15,16].
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3.3 Doswiadczenie osrodka wroclawskiego

Pewne aspekty dostgpu torakoskopowego i techniki operacyjnej ewoluowaty na
przestrzeni lat i w miar¢ obserwacji klinicznych, ksztattujac doswiadczenie osrodka
wroctawskiego i efekty leczenia. Stosowana w naszym o$rodku technika preparowania
na tgpo w anatomicznych granicach tkanek, bez uzycia elektrokoagulacji, irygacji i
odsysania podczas operacji zaros$nigcia przetyku, pozwala w naszej opinii na
zredukowanie urazu okolicznych tkanek, oszczg¢dzenie matych naczyn i unerwienia oraz
zminimalizowanie procesu zapalnego towarzyszacego gojeniu tkanek, co moze wplywac
pdzniej na zachowanie prawidlowej funkcji przetyku i zmniejszenie ryzyka wezesnych i
péznych powiklan [8]. Zaoszczgdzenie zyly nieparzystej moze z kolei odgrywac role w
zmniejszeniu ryzyka powiktan zespolenia przetyku [26-29], nawrotu przetoki
tchawiczo-przetykowej [30], a wskutek tego rozwoju pozniejszych deformacji
mig$niowo-szkieletowych. Ze wzgledu na minimalny uraz struktury klatki piersiowe;,
kolejne etapy leczenia torakoskopowego mozna, w zalezno$ci od stanu dziecka,
przeprowadza¢ nawet co kilka dni, co zmienia catkowicie strategi¢ leczenia
dlugoodcinkowego zaro$nigcia przelyku, pozwalajac na uniknigcie zakladania
gastrostomii oraz trudnych zabiegéw wytworczych [8]. Stwarza réwniez mozliwo$¢
leczenia etapowego pacjentow niestabilnych hemodynamicznie z typem C zaro$nigcia
przelyku oraz niskg masg urodzeniowa, polegajacego na zamknieciu przetoki tchawiczo-
przetykowej dalszej w pierwszym etapie, oraz zespoleniu przelyku w drugim etapie, po
ustabilizowaniu stanu dziecka [8].

Po odpowiednim przygotowaniu pacjenta z zaro$nigciem przetyku, leczenie
operacyjne w naszym osrodku rozpoczyna si¢ od wykonania sztywnej bronchoskopii,
celem identyfikacji mozliwej przetoki tchawiczo-przetykowej proksymalnej, oceny
potencjalnych wad tchawicy 1 krtani (tracheomalacja, rozszczep krtani) oraz
oszacowania odleglosci migdzy odcinkami przetyku na podstawie lokalizacji dystalne;j
przetoki tchawiczo-przeltykowej, co przektada si¢ podczas zabiegu na pozniejszy wybor
miejsca preparowania w poszukiwaniu przetoki (powyzej lub ponizej zyly nieparzystej).

Nastepnie, po utozeniu pacjenta na brzuchu, z uniesieniem prawej konczyny
gornej, wykonywana jest torakoskopia prawostronna. U jednego pacjenta z agenezja
prawego pluca wykonano torakoskopi¢ lewostronng. Utlozenie pacjenta na stole
operacyjnym zmienilo si¢, w miar¢ ewolucji techniki w naszym osrodku, z utozenia na
lewym boku do ulozenia catkowicie na brzuchu. Podczas zabiegu prowadzona jest
obustronna wentylacja ptuc. Ci$nienie insuflacji gazow jest utrzymywane na poziomie
4-6 mmHg, w zalezno$ci od masy i stanu ogdélnego dziecka. Pierwszy trokar optyczny
5 mm dla kamery z optyka 30° jest wprowadzany 1-2 przestrzenie mi¢dzyzebrowe
ponizej kata topatki. Pierwszy trokar roboczy 3 mm jest umieszczany na poziomie trokara
optycznego w potowie odlegtosci do linii przykregostupowej, natomiast drugi trokar
roboczy 3-3,5 mm jest wprowadzany w linii pachowej §rodkowej kilka centymetrow
powyzej trokara optycznego [Ryc.1].
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Rycina 1. Ustawienie portoéw operacyjnych podczas torakoskopii z powddu Zaroéniqcié
przelyku oraz efekt kosmetyczny po zabiegu.

Procedura operacyjna polega na jednoetapowym zamknigciu przetoki tchawiczo-
przetykowej dalszej w przypadku zaros$nigcia przetyku typu C (oraz przetoki tchawiczo-
przelykowej blizszej dla typu D) oraz zespoleniu przelyku. W poczatkowym okresie
obserwacji w naszym osrodku przetok¢ tchawiczo-przetykowa klipsowano, obecnie
podwiazuje si¢ ja szwem wchianialnym 2—0 — 3-0. Zespolenie przelyku koniec do konca
wykonuje si¢, po uprzednim przeprowadzeniu przez oba odcinki sondy Zotadkowe;j,
szwami pojedynczymi wchtanialnymi 4-0 lub 5-0 technikg wezta przesuwnego. Drenaz
oplucnowy pozostawiany jest u okreslonych pacjentow, w przypadku zespolenia przetyku
pod duzym napigciem.

Leczenie operacyjne postaci dlugoodcinkowych zaro$nigcia przetyku (typ A i B)
przeprowadzane jest etapowo torakoskopowo z wykorzystaniem techniki wewngtrzne;j
trakcji. Idea wewnetrznej trakcji jest oparta na koncepcji wydtuzania przetyku wg Fokera
[31]. W pierwszym etapie, po odpowiednim wypreparowaniu gornego i dolnego odcinka
przelyku (oraz zamknigciu przetoki tchawiczo-przetykowej blizszej w typie B) zakladany
jest szew trakcyjny na zmobilizowane odcinki przetyku. Szew trakcyjny jest ztozony z
dwoch weztow przesuwnych, ktore umozliwiaja stopniowe zblizanie do siebie odcinkow
przetyku z kontrolowang sila napigcia [4, Ryc. 2]. Klipsy zatozone na konce obu
odcinkow przetyku z objeciem przechodzacego przez nie szwu trakcyjnego zapobiegaja
uszkodzeniu tkanki przez szew i przeciekowi oraz umozliwiajg zastosowanie wigkszej
sity trakcji, ktora rozproszona jest rownomiernie wzdtuz klipsoéw. Ostateczna odleglo$é¢
pomiedzy zblizanymi odcinkami przelyku jest utrzymywana dzigki zablokowaniu
weztow poprzez zmiang ich konfiguracji z wezta przesuwnego do wezta prostego. W
kolejnym etapie, zwykle kilka dni pdzniej, oceniana jest odlegto§¢ migdzy odcinkami
przetyku i wykonywane jest zespolenie przetyku lub, jesli dystans pomigdzy odcinkami
przetyku jest zbyt duzy, szew trakcyjny pozwala na ich ponowne zblizenie. W miarg
ewolucji techniki na przestrzeni lat skrocono odstep czasu pomigdzy etapami z 3—4
tygodni do kilku dni, co nie zmniejszyto szansy na zespolenie przetyku, natomiast
pozwolilo na unikni¢cie zaktadania gastrostomii [32,33].

10
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Rycina 2. Technika etapowego torakoskopowego leczenia dlugoodcinkowego
zaros$ni¢cia przetyku metoda wewnetrznej trakcji.

Po operacji pacjent przebywa w oddziale intensywnej terapii. Od drugiej — trzeciej
doby po operacji prowadzone jest zywienie troficzne pacjenta przez sond¢ zotadkowa.
W  piagtej dobie po operacji wykonywane jest badanie kontrastowe przetyku.
W  przypadku prawidtowego pasazu kontrastu do zoladka, bez jego wycieku, po
ekstubacji pacjenta, rozpoczynane jest podawanie pokarmu obok sondy zotadkowe;j, a
w przypadku prawidlowego polykania pokarmu sonda jest usuwana, a porcje karmienia
stopniowo zwigkszane.

4. Uzasadnienie i cele pracy

4.1 Uzasadnienie pracy

Pomimo ogromnego postgpu, ktory dokonat si¢ w ostatnich latach w zakresie
rozwoju technik chirurgii matoinwazyjnej oraz opieki perinatalnej, leczenie wrodzonego
zaro$nigcia przelyku, a w szczegdlnosci postepowanie w przypadku dlugoodcinkowego
zaro$ni¢cia przetyku oraz w grupie noworodkéw o niskiej masie urodzeniowej, czgsto
obcigzonych wadami towarzyszacymi, wcigz pozostaje wyzwaniem dla chirurgéw
dzieciecych i tematem dyskusji naukowej nad optymalng strategia leczenia.

Celem rozprawy doktorskiej, obejmujacej cykl powiazanych tematycznie
publikacji, jest analiza i ocena zastosowania dostepu torakoskopowego i technik chirurgii
maloinwazyjnej w leczeniu wrodzonego zaro$nigcia przelyku w kontek$cie wynikow
leczenia wady oraz postepowania w szczeg6lnych grupach pacjentow.

Pierwszy artykutl koncentruje si¢ na problematyce wystepowania deformacji
klatki piersiowe;j i kregostupa jako mozliwych p6znych powiktan leczenia chirurgicznego
zaro$nigcia przetyku, w zalezno$ci od dostgpu operacyjnego. Celem pracy jest ocena
dostepu torakoskopowego w kontekScie jego wptywu na rozwdj klatki piersiowej i
kregostupa, w poréwnaniu z klasycznym dostepem operacyjnym. Praca jest oparta o
material dwoch osrodkow klinicznych w Polsce, z ktérych jeden stosuje wylacznie
technike endoskopowa, a drugi technik¢ klasyczng. Deformacje klatki piersiowej i
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kregostupa, w tym skoliozy i Zebrozrosty, stanowia istotne i szeroko opisane pozne
powiklania klasycznej interwencji chirurgicznej u noworodkoéw z zaro$nigciem przetyku,
z czesto$cig wystepowania szacowang od 3 do 67% w roznych publikacjach [17].
Szerokie otwarcie klatki piersiowej z uszkodzeniem jej struktury mig¢§niowo-
szkieletowej, nastepczy proces gojenia z towarzyszacym odczynem zapalnym oplucne;j
oraz bliznowaceniem moga prowadzi¢ do asymetrycznego rozwoju klatki piersiowej, jej
nieprawidlowej ruchomosci, zebrozrostu, skoliozy, a nawet zaburzen oddechowych,
ktore moga poglgbia¢ si¢ wraz ze wzrostem dziecka. Wsérdéd innych potencjalnych
przyczyn powstawania skoliozy po torakotomii wymienia si¢ rowniez powiklania
pooperacyjne w postaci nieszczelnosci zespolenia i zapalenia $rodpiersia oraz leczenie
wieloetapowe. Zastosowanie technik chirurgii matoinwazyjnej daje mozliwos¢
zmniejszenia, a nawet uniknigcia tych powiktan, z uwagi na minimalne naruszenie
struktury klatki piersiowej. Dtugi czas obserwacji potrzebny na rozwinigcie si¢ powiktan
mig$niowo-szkieletowych, mozliwos¢ wspdtistnienia wrodzonych wad kregostupa i
zeber, a takze niejednolity sposob leczenia zaro$nigcia przetyku w rdznych osrodkach i
mnogos$¢ technik operacyjnych powoduje, ze dostgpne w literaturze dane nie wyczerpuja
w pelni omawianej problematyki. Istotnym aspektem pracy, wchodzacej w skiad
rozprawy doktorskiej jest poréwnanie pod wzgledem roznej techniki operacyjnej dwoch
duzych, homogennych w odniesieniu do rozpoznania i wieku populacji pacjentow.

Druga praca badawcza koncentruje si¢ na zastosowaniu torakoskopii w leczeniu
zaros$ni¢cia przetyku z przetoka tchawiczo-przetykowa dalsza w populacji noworodkow
o niskiej masie urodzeniowej. Niska masa urodzeniowa, wspotistnienie cigzkiej wady
serca oraz niestabilno§¢ hemodynamiczna zaliczane sg do przeciwwskazan do dostepu
torakoskopowego, ze wzgledu na mozliwe zaburzenia homeostazy, nietolerancje
insuflacji dwutlenku wegla oraz techniczne trudnos$ci zespolenia delikatnych tkanek
przetyku w ekstremalnie ograniczonej przestrzeni operacyjnej. Jednakze znaczace
postepy w zakresie neonatologii i anestezjologii oraz rozwoj doswiadczenia w chirurgii
maloinwazyjnej, poparte doniesieniami w literaturze na temat pozytywnych wynikow
torakoskopowego leczenia zaro$nigcia przetyku u noworodkéw o niskiej masie
urodzeniowej, wplynely na stopniowa zmiang strategii postgpowania [34-37]. W
omawianej grupie badawczej niniejszej rozprawy doktorskiej dostep torakoskopowy
zastosowano z pozytywnymi efektami u wszystkich pacjentdw, niezaleznie od typu
zaros$ni¢cia przetyku, masy urodzeniowej oraz wspotistnienia istotnych wad wrodzonych.
Szczegdlng warto$¢ pracy stanowi prawdopodobnie najwigksza liczba przypadkow
pochodzacych z jednego osrodka.

Celem trzeciej pracy badawczej jest pordwnanie sposobu leczenia operacyjnego
oraz wynikéw leczenia w najtrudniejszej do leczenia postaci — dlugoodcinkowego
zaro$nigcia przetyku (typ A i B) w dwoch wiodacych i do§wiadczonych w chirurgii
noworodka o$rodkach. Dlugoodcinkowe postaci zaro$nigcia przelyku obejmuja okoto
10% wszystkich typoéw zaros$niecia przetyku, a wybor odpowiedniego sposobu leczenia
jest tematem dyskusji naukowych. Brak jednolitej definicji dlugoodcinkowego
zaros$ni¢cia przetyku, ograniczona liczba pacjentow, réznorodno$¢ technik operacyjnych
powoduja, ze leczenie pacjentow z tej grupy jest szczegdlnym wyzwaniem dla chirurga.
Zgodnie z konsensusem ERNICA nalezy dazy¢ w miare mozliwosci do zachowania
natywnego przetyku, a leczenie dzieci z dlugoodcinkowym zaros$nigciem przetyku
powinno odbywaé sie¢ w wyspecjalizowanych osrodkach [38]. Fakt wspolpracy
wroctawskiej kliniki z o$rodkiem uznawanym za jeden z najlepszych na $wiecie w
chirurgii dziecigcej jest ogromnym wyrdznieniem.
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4.2 Cele pracy

1) Poréwnanie czgsto$ci wystgpowania i nasilenia deformacji klatki piersiowej i
kregostupa po operacji zaro$nigcia przetyku w zaleznosci od dostepu
operacyjnego — pordwnanie torakoskopii i torakotomii.

2) Analiza wynikow leczenia, zastosowania 1 bezpieczenstwa dostgpu
torakoskopowego u pacjentdow z zaro$nigciem przetyku z przetoka tchawiczo-
przelykowa dystalng w zaleznosci od masy urodzeniowe;.

3) Ocena zastosowania torakoskopowego etapowego wydluzania przetyku technika
wewnetrznej trakcji w leczeniu pacjentdw z dlugoodcinkowym zaro$nigciem
przetyku. Poréwnanie sposobu postepowania operacyjnego i wynikow leczenia
dlugoodcinkowego zaro$nigcia przeltyku w dwoéch doswiadczonych osrodkach
chirurgii dzieciecej na §wiecie.

5. Material i metody

Rozprawa doktorska ma charakter badania obserwacyjnego, retrospektywnego 1
jest ztozona z cyklu trzech publikacji powigzanych tematycznie.

Praca dotyczaca oceny deformacji klatki piersiowej 1 kregostupa jest oparta na
analizie danych klinicznych dwoch grup pacjentdw operowanych z powodu zaro$nigcia
przetyku w dwoch osrodkach chirurgii dziecigcej w Polsce w latach 2005-2021. Grupy
r6znity si¢ pod wzgledem zastosowanego dostepu i techniki operacyjnej oraz wskazan do
leczenia etapowego. Badanie obejmowato pacjentéw z wszystkimi typami zaro$nigcia
przetyku wedtug klasyfikacji Grossa oraz powyzej pierwszego roku zycia w chwili
badania. W jednym osrodku pacjenci byli operowani wylacznie torakoskopowo. Leczenie
torakoskopowe jednoetapowe — zamkniecie przetoki tchawiczo-przetykowej dalszej
(oraz blizszej w typie D) dotyczylo pacjentéw z zaro$nigciem przetyku typu C lub D oraz
jednego pacjenta z typem A. Kilkoro pacjentéw z zaro$nigciem przetyku typu C byto
leczonych dwuetapowo (w pierwszym etapie — zamkniecie przetoki tchawiczo-
przetykowej dalszej, w drugim etapie — zespolenie przetyku) z uwagi na niestabilno$¢
hemodynamiczng. Pacjenci z dlugoodcinkowym zaros$nigciem przetyku (typ A i B) byli
operowani torakoskopowo etapowo technika wewnetrznej trakcji. W drugim o$rodku
zastosowano wylacznie dostep klasyczny drogg prawostronnej torakotomii z przecigciem
lub zachowaniem mig$ni: najszerszego grzbietu i zgbatego przedniego. Leczenie etapowe
dotyczyto pacjentdow, u ktorych odlegto§¢ pomigdzy odcinkami przetyku nie pozwolita
na pierwotne zespolenie przelyku, oraz pacjentdw z powiktanym leczeniem pierwotnym
lub niestabilno$cia hemodynamiczng. Brak mozliwosci jednoetapowego zespolenia
przetyku stanowit zatem kryterium postaci dtugoodcinkowej zaro$nigcia przetyku, bez
wzgledu na typ wedtug klasyfikacji Grossa. Leczenie wieloetapowe obejmowalo rézne
techniki operacyjne z zachowaniem witasnego przetyku oraz operacje rekonstrukcji
przelyku z zotadka, jelita cienkiego lub jelita grubego.

Przeprowadzono badanie przedmiotowe pacjentdw, obejmujace ocen¢ budowy
klatki piersiowej i1 kregostupa. Oceniono rowniez dostgpne badania obrazowe — RTG lub
ewentualnie TK klatki piersiowej, a w razie stwierdzenia odchylen w badaniu
przedmiotowym wykonano dodatkowe badanie obrazowe — RTG klatki piersiowej lub
kregostupa. Zebrane dane przeanalizowano pod wzglgdem wystgpowania skoliozy
(okreslonej, zgodnie z przyjeta definicja, jako boczne skrzywienie kregostupa > 10° kata
Cobba [39]) oraz zebrozrostu. Nasilenie skoliozy oceniano na podstawie wartosci kata
Cobba oraz wyr6zniono skolioze tagodng (10-19° kata Cobba) oraz istotng (> 20° kata
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Cobba). W kontekscie dalszej analizy grupg badawcza podzielono rowniez w zaleznos$ci
od wieku, leczenia jedno- lub wieloetapowego oraz leczenia niepowiklanego Iub
powiklanego (nieszczelno$¢ zespolenia, nawrdt przetoki tchawiczo-przetykowej lub tez
zwezenie przelyku, czy chlonkotok wymagajace reoperacji).

Praca dotyczaca zastosowania torakoskopii w leczeniu zaro$nigcia przetyku u
pacjentéw z niskg masg urodzeniowg jest oparta na analizie danych retrospektywnych
calej populacji noworodkow z zaro$nigciem przetyku typu C lub D, operowanych w
Klinice Chirurgii i Urologii Dziecigcej w latach 2005-2022. Populacja pacjentdw zostata
nastepnie podzielona na trzy grupy w zaleznosci od masy urodzeniowej: Grupe A — o
masie urodzeniowej < 1500 g, Grup¢ B — o masie urodzeniowej >1500 < 2000 g oraz
Grupe C — o masie urodzeniowej > 2000 g. Wszyscy pacjenci byli operowani technika
torakoskopowa, zaden pacjent nie wymagal konwersji do torakotomii. Leczenie
operacyjne polegalo na jednoetapowym zamknigciu przetoki tchawiczo-przelykowej
dalszej (a w typie D réwniez blizszej) oraz zespoleniu przetyku. Kilkoro pacjentow z
niestabilno$cia hemodynamiczng wymagato leczenia dwuetapowego, polegajacego na
zamknigciu przetoki tchawiczo-przetykowej dalszej w pierwszym etapie oraz zespoleniu
przetyku w drugim etapie. Nast¢pnie przeanalizowano i porownano w trzech grupach
powiktania pooperacyjne, takie jak: nieszczelno$¢ zespolenia przeltyku, zwezenie
przetyku, chlonkotok, nawrdt przetoki tchawiczo-przetykowej, konieczno$¢ zabiegu
antyrefluksowego lub wytworzenia gastrostomii albo tracheostomii oraz wezesng 1 pdzna
$miertelnos¢. Poddano rowniez analizie mediang czaséw operacyjnych w kazdej z grup.

W pracy na temat poréwnania sposobow oraz wynikow leczenia
dhlugoodcinkowego zaro$nigcia przetyku w dwdch duzych osrodkach chirurgii dziecigceej
poddano analizie retrospektywnej pacjentow operowanych w latach 2008-2022 w
Klinice Chirurgii i Urologii Dziecigcej we Wroctawiu (o$rodek A) oraz w Department of
Specialist Neonatal and Paediatric Surgery, Great Ormond Street Hospital for Children w
Londynie (o$rodek B). Oba o$rodki rdéznily si¢ pod wzgledem definicji
dhlugoodcinkowego zaros$nigcia przetyku — w osrodku A termin ten obejmuje typ A i B
wedlug klasyfikacji Grossa, natomiast w osrodku B odleglos¢ miedzy odcinkami
przetyku uniemozliwiajaca pierwotne zespolenie przelyku jest przyjeta jako zasadnicze
kryterium postaci dlugoodcinkowej. Celem ewaluacji poréwnawczej do pracy wiaczono
tylko pacjentow z typem A lub B zaro$nigcia przetyku. Przeanalizowano dostep i technike
operacyjng leczenia wstgpnego 1 definitywnego, wskaznik konwersji, potrzebe
wykonania gastrostomii, okres pomig¢dzy pierwszym zabiegiem, a zespoleniem przetyku,
wiek pacjenta w momencie odtworzenia cigglosci przetyku oraz odstepy pomigdzy
kolejnymi etapami leczenia operacyjnego. Nastepnie poddano ocenie wezesny przebieg
pooperacyjny, uwzgledniajac nastepujace powiklania: wczesng  $miertelnosc,
nieszczelno$¢ zespolenia przelyku, nawrotowe zwezenia przelyku oraz potrzebe
przeprowadzenia operacji antyrefluksowej. W obu o$rodkach leczenie operacyjne
obejmowato wykonanie w pierwszej kolejnosci sztywnej bronchoskopii. Nastepnie w
ofrodku A zastosowano torakoskopowe etapowe wydtuzanie przelyku technika
wewnetrznej trakcji, bez implantacji gastrostomii u wigkszo$ci pacjentow, u ktérych
poszczegolne etapy leczenia mozna bylo przeprowadzi¢ w krotkich odstgpach czasu. W
o$rodku B leczenie operacyjne obejmowato rézne techniki: pierwotne jednoetapowe
zespolenie przetyku, pierwotne odroczone zespolenie przetyku, wydtuzanie przetyku
technikg zewngtrznej trakcji oraz operacje rekonstrukcji przetyku z Zzotadka. Zasadniczo
strategia leczenia operacyjnego opierala si¢ na ocenie odlegto$ci pomiedzy odcinkami
przetyku podczas pierwszego zabiegu oraz mozliwosci wykonania pierwotnego
zespolenia przetyku. Jesli odleglo$¢ ta nie pozwalala na jednoetapowe zespolenie
przetyku, wytwarzano gastrostomi¢, a kolejny etap przeprowadzano po okoto trzech
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miesigcach. Wéwczas ponownie oceniano odleglto§¢ pomiedzy odcinkami przetyku i
wykonywano pierwotne odroczone zespolenie przetyku lub rekonstrukcj¢ przelyku,
przewaznie z czeSci zotadka. Do czasu odtworzenia cigglosci przetyku pacjenci
pozostawali w szpitalu. Opisywana praca badawcza stanowi porownanie dwoch
glownych strategii leczenia dlugoodcinkowego zaro$nigcia przelyku, stosowanych w
dwoch doswiadczonych osrodkach chirurgii dziecigeej, w konteks$cie wynikow leczenia
1 powiklan pooperacyjnych, jak réwniez czasu potrzebnego do odtworzenia cigglo$ci
przetyku, co przektada si¢ na dlugos¢ hospitalizacji.

6. Wyniki

6.1 Deformacje klatki piersiowej i kregoshupa po operacji zaro$ni¢cia
przelyku w zaleznosci od dost¢pu operacyjnego — porownanie dostepu
torakoskopowego i klasycznego

Poréwnano 68 pacjentdow po torakoskopii i 44 pacjentdw po torakotomii.

1)
2)
3)
4)
5)
6)
7)

8)

9)

W grupie torakoskopii stwierdzono wickszy odsetek pacjentow z
dlugoodcinkowym zaro$nigciem przetyku — typ A i B (18% vs 4,5%).

W grupie torakotomii stwierdzono umiarkowanie wigcej powiktan tacznie (18,2%
vs 10,3%) oraz istotnie wiecej powiktan wymagajacych reoperacji (88% vs 0%).
W  grupie torakoskopii wszystkie powiklania zespolenia leczone byly
zachowawczo.

Deformacje klatki piersiowej i krggostupa obserwowano u 17,9% catej populacji.
Wystepowanie wszystkich deformacji klatki piersiowej 1 kregostupa (skoliozy i
zebrozrosty) obserwowano istotnie czesciej w grupie torakotomii (34,1% vs 1,5%,
p <0,001).

Stwierdzono istotng statystycznie zwi¢kszona czestos¢ wystepowania
skoliozy po torakotomii — 13,6% vs 1,5%, p = 0,016 [Ryc. 3].

Tylko jeden pacjent po torakoskopii rozwinat tagodng skolioze, ale miat rowniez
wady towarzyszace.

W grupie torakotomii leczenie wieloetapowe oraz powiklane leczenie chirurgiczne
bylo istotnie zwigzane z wigksza czgstoscig deformacji klatki piersiowej i
kregostupa, zaden z pacjentow po kilkuetapowej torakoskopii nie rozwinat
skoliozy.

Po torakoskopii nie obserwowano zebrozrostu, a po torakotomii Zebrozrost
stwierdzono u 37% pacjentow, z istotnym wspolwyst¢powaniem Zebrozrostu
i skoliozy [Ryc. 4].
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Min — Max 14 - 14 10-52
=>20°, n/N (%) 0/1 (0.0%) 3/6 (50.0%)

10 — 19° n/N (%) 1/1 (100.0%) 3/6 (50.0%)

Rycina 3. Wystepowanie 1 charakterystyka skoliozy w zalezno$ci od dostgpu
operacyjnego.
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Rycina 4. Wspotwystepowanie zebrozrostu i skoliozy w populacji pacjentow po
torakotomii.

10) W kontekscie podziatu na grupy wiekowe skolioza wystgpowala istotnie cze¢sciej
w grupie dzieci pomigdzy 11 a 15 rokiem Zycia, nie obserwowano skoliozy w
grupie dzieci migdzy 1 a 5 rokiem zycia, a w grupie torakotomii 3 pacjentéw
miedzy 6 a 10 rokiem zycia miato skoliozg > 20°.

11) Analiza krzywej ROC do oszacowania prawdopodobienstwa rozwoju skoliozy po
torakotomii w zalezno$ci od wieku wykazata punkt odcigcia na poziomie 10 roku
zycia (Youden’s index 0,68, AUC = 0,890) [Ryc. 5].
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Rycina 5. Krzywa ROC do oszacowania prawdopodobienstwa rozwoju skoliozy po
torakotomii w zalezno$ci od wieku.

6.2 Urodzeniowa masa ciala, a dost¢p torakoskopowy u noworodkow z
zarosni¢ciem przelyku z przetoka tchawiczo-przelykowa dystalng —
badanie obserwacyjne, retrospektywne

Do badania wlaczono catg populacje kolejnych pacjentéw operowanych z powodu

zaros$ni¢cia przetyku typu C lub D w Klinice Chirurgii i Urologii Dziecigcej we Wroctawiu
w latach 2005-2022.

1)

2)

3)

4)

5)
6)

7)

W aspekcie charakterystyki populacji pacjentdéw wykazano istotng pozytywna
korelacje miedzy masg, a wiekiem urodzeniowym. Ponadto towarzyszace wady
wrodzone byly istotnie czgstsze w grupie noworodkéw z masg urodzeniowa
mniejszg niz 2000 g.

Wszystkie operacje zamknigcia przetoki tchawiczo-przetykowej i zespolenia
przetyku byly wykonane technika torakoskopowa. U Zadnego pacjenta nie
wykonano konwersji.

U wszystkich pacjentow, oprocz jednego, dostep operacyjny polegat na
prawostronnej torakoskopii, nawet w przypadku stwierdzonego w USG
przedoperacyjnym prawostronnego tuku aorty (6,9% pacjentow).

Zespolenie wlasnego przelyku wykonano u wszystkich pacjentow, z
wyjatkiem jednego (noworodek z zespotem Edwardsa, z masa urodzeniowa
900 g oraz jatrogenng perforacja gornego odcinka, ktorg zaopatrzono
torakoskopowo wraz z zamknigciem przetoki tchawiczo-przelykowej, jednak
pacjent zmarl w czwartej dobie po operacji).

Zaden z pacjentéw nie wymagat operacji rekonstrukcji przetyku.

Wickszo$¢ pacjentéw byla operowana jednoetapowo. Pigcioro pacjentéw
wymagato leczenia dwuetapowego ze wzglegdu na  niestabilno$é
hemodynamiczng: zamknigcia przetoki tchawiczo-przetykowej dalszej w
pierwszym etapie 1 zespolenia przetyku w drugim etapie (odstgp pomiedzy
etapami wynosit od 4 do 39 dni, z mediang 7 dni).

Gastrostomi¢ wyloniono u trojga pacjentdéw z powodu wystepujacych pozniej
zaburzen karmienia oraz u jednego pacjenta z niska masg urodzeniowa i
towarzyszacym zaro$nigciem dwunastnicy podczas pierwotnej operacji
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(zamknigcie przetoki tchawiczo-przetykowej dalszej 1 zespolenie dwunastnicze,
w kolejnym etapie wykonano zespolenie przetyku).

8) Tracheostomi¢ wytworzono u trojga pacjentow z nasilong, objawowa
tracheomalacja.

9) Leczenie etapowe byly istotnie czg$ciej konieczne u noworodkéw z masa
urodzeniowa < 2000 g.

10) Zaobserwowana istotna zalezno$¢ miedzy niska masa urodzeniowa, a
wczesna Smiertelnoscia (wiek pacjenta w momencie zgonu wynosit od 0 do
28 dni, z mediang 4 dni, lacznie 7 pacjentow), przyczyny wczesnej
smiertelnosci nie byly bezposrednio zwiazane z leczeniem chirurgicznym, ale
z towarzyszacymi ciezkimi wadami wrodzonymi oraz chorobowoscia
okolooperacyjng. Analiza krzywej ROC do oszacowania prawdopodobienstwa
wczesnej $miertelnosci wskazata punkt odcigcia na poziomie 1700 g
(AUC = 0,791, Youden’s index = 0,58).

11) Stwierdzono istotng statystycznie zalezno$¢ miedzy niska masg urodzeniowa, a
koniecznos$cia operacji antyrefluksowej lub wytworzenia gastrostomii, odsetek
pozostatych analizowanych powiktan pooperacyjnych nie byt zalezny od masy
urodzeniowe;.

12) Wszystkie przypadki nieszczelno$ci zespolenia przelyku byly leczone
zachowawczo drenazem oplucnowym, zaden z pacjentdow nie wymagat
reoperacji. Wszystkie przypadki zwe¢zenia przetyku byty leczone sposobem
endoskopowego poszerzania przetyku.

13) W kontek$cie analizy populacji pacjentoéw podzielonych na dwie grupy
operowane w latach 2005-2013 oraz 2014-2022 stwierdzono istotne
zmniejszenie odsetka wczesnej $miertelnosci 1 nieszczelno$ci zespolenia w
drugiej grupie, co wynika z rosngcego do§wiadczenia.

14) Czas operacyjny, okreslony jako czas torakoskopii (zamknigcie przetoki
tchawiczo-przetykowej 1 zespolenie przetyku) miescit si¢ w przedziale
46— 245 minut, z mediang 89 minut. Czas ten nie zalezal od masy urodzeniowe;j
dziecka. Czas ten ulegl istotnemu skrdceniu w ciggu pierwszych dwoéch lat okresu
obserwacji (o 55 minut/rok), a nastgpnie stopniowo ustabilizowat si¢ na poziomie
82 minut.

15) Zyta nieparzysta zostata zachowana u wszystkich pacjentéw. U pierwszych 34
pacjentéw stosowano elektrokoagulacje do preparowania tkanek przetyku lub
hemostazy, obecnie w naszym osrodku nie stosuje si¢ elektrokoagulacji, irygacji
ani odsysania. Drenaz optucnowy pozostawiany jest tylko u niektdrych pacjentow
np. z trudnym zespoleniem przetyku pod napigciem.

6.3 Torakoskopowe etapowe wydluzanie przelyku technika wewnetrzne;j
trakcji skraca czas do odtworzenia ciaglosci przelyku w
dlugoodcinkowym zarosnie¢ciu przelyku

Do badania wiaczono dwie grupy pacjentdow leczonych z powodu
dhlugoodcinkowego zaro$nigcia przetyku (typ A 1 B) w latach 2008-2022: 28 pacjentow
operowanych w Klinice Chirurgii 1 Urologii Dziecigcej we Wroctawiu (o$rodek A) oraz
24 pacjentow operowanych w Great Ormond Street Hospital (o$rodek B) w Londynie.

1) 89% pacjentow byto leczonych w osrodku A od urodzenia w poréwnaniu do
13% pacjentow leczonych od urodzenia w osrodku B.
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2) 12 pacjentéw w osrodku A i1 10 pacjentow w osrodku B bylo leczonych bez
gastrostomii.

3) 100% pacjentow w osrodku A 120,8% pacjentéw w osrodku B byto operowanych
torakoskopowo, w osrodku A nie wykonano zadnej konwersji w trakcie
pierwotnego leczenia, w osrodku B odsetek konwersji wynosit 40%, co bylo
istotne statystycznie.

4) Sposrod 28 pacjentéw operowanych w osrodku A u 1 pacjenta wykonano
pierwotne jednoetapowe zespolenie przelyku, 1 pacjent byl leczony
torakoskopowo etapowo technika zewnetrznej trakcji, a 26 pacjentow (93%) —
torakoskopowo etapowo technika wewnetrznej trakcji. Zespolenie wlasnego
przetyku wykonano torakoskopowo facznie u 25 pacjentow (89,3%), natomiast 1
pacjent (3,5%) w koncowym etapie wymagat rekonstrukcji sp. Collis—Nissen z
uwagi na powiktane leczenie etapowe (perforacja géornego odcinka przetyku przez
szew trakcyjny). Troje pacjentdw zmarto z powodu ci¢zkich wad towarzyszacych:
dwoje z nich przed uzyskaniem zespolenia przetyku, a u jednego pacjenta
odnotowano p6zna $miertelnos¢ po osiggnigciu zespolenia przetyku.

5) Sposréd 24 pacjentdéw operowanych w osrodku B pierwotne jednoetapowe
zespolenie przelyku wykonano u 7 pacjentéw (29,2%), pierwotne odroczone
zespolenie przelyku u 8 pacjentow (33,3%), a rekonstrukcje przetyku, gtownie
z czesci zotadka, tzw. ,,gastric tube” u 9 pacjentow (37,5%).

6) Nie zaobserwowano istotnych statystycznie réznic w zakresie analizowanych
powiktan pooperacyjnych pomi¢dzy o$rodkami.

7) Stwierdzono istotny statystycznie skrocony czas do odtworzenia ciaglosci
przelyku w osrodku A.

8) Mediana wieku dziecka w chwili odtworzenia ciaglosci przelyku wynosila
31 dni w osrodku A oraz 110 dni w osrodku B (p = 0,005), mediana czasu
pomiedzy pierwszym etapem leczenia operacyjnego, a uzyskaniem ciaglosci
przelyku wynosila 11 dni w oSrodku A oraz 92 dni w oSrodku B (p = 0,043).

7. Podsumowanie i dyskusja

Wprowadzenie technik chirurgii maloinwazyjnej oraz stopniowe rozszerzanie
ich zakresu pod wzgledem populacji pacjentéw i ich wieku, rodzaju zabiegdw oraz ich
dostgpnosci bylo niewatpliwie momentem przetomowym w historii chirurgii dziecigcej,
otwierajagcym droge do nowego podejscia i strategii leczenia wielu choréb. Ogromne
wyzwanie dla chirurgdw stanowito zastosowanie chirurgii maloinwazyjnej wsrdd
najmniejszych pacjentow — noworodkéw 1 niemowlat oraz w zabiegach
rekonstrukcyjnych wad wrodzonych, takich jak zaro$nigcie przelyku, w ktérych
oczekiwane rezultaty ,chirurgii przez dziurk¢ od klucza” wymagaly precyzji,
zaawansowanych umiejetnosci manualnych oraz do$wiadczenia. Zastosowanie
torakoskopii u noworodkéw z zaro$nigciem przetyku stawato si¢ stopniowo coraz
bardziej rozpowszechnione w wiodacych osrodkach, niemniej jednak w szczegélnych
grupach pacjentéw jest wcigz kontrowersyjne i szeroko dyskutowane. Opierajac si¢ na
doswiadczeniu osrodka, z ktoérego pochodz¢ — Katedry i Kliniki Chirurgii i Urologii
Dziecigcej we Wroclawiu oraz przeprowadzonej analizie retrospektywnej pacjentow
operowanych w Klinice oraz w innych duzych osrodkach w Polsce i za granicg w latach
2005-2022, podjetam w niniejszej rozprawie doktorskiej dyskusj¢ na temat wczesnych i
p6éznych wynikéw leczenia zaro$nigcia przetyku torakoskopowo oraz zastosowania
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torakoskopii w grupie noworodkéw z niska masg urodzeniowa oraz w populacji
pacjentéw z dtugoodcinkowym zaro$nigciem przetyku.

W pierwszej pracy z cyklu artykutow rozprawy doktorskiej wykazali$my istotnie
zmniejszong czg¢stos¢ wystgpowania skoliozy oraz ogoétem deformacji klatki piersiowe; i
kregostupa po torakoskopii, w poréwnaniu z torakotomig. Zaden z pacjentdw po
kilkuetapowej torakoskopii, ani zaden pacjent po leczeniu torakoskopowym z
nieszczelno$cig zespolenia nie rozwingtl skoliozy. Ponadto w grupie pacjentow
operowanych klasycznie obserwowano istotng zalezno$¢ od wieku wystgpowania i
nasilenia skoliozy. Implikuje to tendencje, ze im wczesniej pojawia si¢ skolioza i im
wigkszy jest kat Cobba, tym wigksze ryzyko progresji skoliozy w okresie pokwitania, co
koreluje z prognoza i1 zalezng od wieku strategia leczenia deformacji [20-22].
Ograniczeniem naszej pracy byla ocena populacji pacjentow w réoznym wieku i czasie od
ostatniej operacji, co wymaga dalszych badan. Niemniej jednak jest to pierwsze badanie
na tak duzej grupie dzieci operowanych torakoskopowo. Calosciowa ocena deformacji u
dzieci z zaro$ni¢ciem przetyku wymaga uwzglednienia zarowno czasu ich rozwoju, jak i
wrodzonej predyspozycji do deformacji, ktére moga nie by¢ widoczne w RTG w okresie
noworodkowym. Deformacje moga istotnie wptywaé¢ na jako$¢ Zzycia pacjenta,
aktywno$¢ fizyczng i funkcje motoryczne, a w konsekwencji na rozwdj psychospoteczny
1 poznawczy, dlatego istotna jest dlugoterminowa obserwacja [20,40—43].

W drugiej publikacji przeanalizowaliSmy wyniki leczenia torakoskopowego
wsrod noworodkdw z zaro$nigciem przetyku typu C lub D, w zalezno$ci od urodzeniowe;j
masy ciata. Urodzeniowa masa ciala stanowi jeden z glownych czynnikow
prognostycznych wedtug istniejacych klasyfikacji, determinujacych wskaznik przezycia,
dlatego wybor odpowiedniej strategii leczenia operacyjnego jest przedmiotem dyskusji
[4,5]. Ponadto pacjenci z niskg masg urodzeniowg czg$ciej prezentuja wady towarzyszace
zaro$nigciu przelyku, zwlaszcza cigzkie wady serca oraz wady genetyczne [44,45].
Przedwcze$nie urodzone noworodki z niskg masg urodzeniowa sa obarczone ryzykiem
rozwoju powiktan wczesniactwa, ktére wptywaja na rokowanie. Dzieci z zaro$nigciem
przelyku czesto manifestuja rowniez towarzyszace wady uktadu oddechowego —
tracheomalacje, rozszczep krtani, co z kolei w polaczeniu z patofizjologia zaburzen w
przypadku obecnosci przetoki tchawiczo—przelykowej moze skutkowaé niewydolnoscia
oddechowa. Wymienione czynniki istotnie wpltywaja na przebieg okoto- i pooperacyjny
noworodka, dlatego postepowanie w grupie noworodkdéw z zaro$nigciem przetyku i niskg
masg urodzeniowg stanowi ogromne wyzwanie chirurgiczno—anestezjologiczne. Od 2005
roku wszyscy kolejni pacjenci w naszym osrodku z rozpoznaniem zaros$niecia przetyku
byli operowani torakoskopowo, bez konieczno$ci konwersji. U wszystkich pacjentow z
zaro$nigciem przetyku z przetoka tchawiczo-przetykowa dalsza, z wyjatkiem jednego
(noworodka z zespolem Edwardsa oraz jatrogenng perforacja géornego odcinka przetyku),
wykonano pierwotne zespolenie przetyku, niezaleznie od urodzeniowej masy ciata.
Zaden z pacjentdow nie wymagat rekonstrukeji przelyku. Dostep torakoskopowy moze
by¢ szczegdlnie korzystny w grupie najmniejszych pacjentow, ze wzgledu na precyzyjng
wizualizacj¢ ograniczonego i trudno dostgpnego pola operacyjnego [7,16]. Ponadto z
uwagi na powigkszone pole widzenia oraz minimalne manipulowanie w obrebie
otaczajacych tkanek, ryzyko powiklan, takich jak tracheomalacja, uraz $ciany tchawicy
oraz struktur naczyniowo—nerwowych ulega ograniczeniu [7,8]. Zobrazowanie okolicy
wejscia do klatki piersiowej umozliwia zaopatrzenie proksymalnej przetoki tchawiczo—
przetykowej u pacjentdw z zaro$nigciem przetyku typu D, co eliminuje konieczno$é
dostepu szyjnego [46,47].

Przedwcze$nie urodzone noworodki z zaro$nigciem przetyku typu C, z objawami
niestabilno$ci hemodynamicznej byty operowane w naszym os$rodku torakoskopowo
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dwuetapowo — w pierwszym etapie zamknigto dystalng przetoke tchawiczo—przetykowa,
a w drugim etapie kilka—kilkanascie dni pozniej, po ustabilizowaniu stanu dziecka,
wykonano zespolenie przetyku. W tym konteks$cie dostep matoinwazyjny, z minimalnym
urazem S$ciany klatki piersiowej i odczynem zapalnym tkanek, pozwala na skrocenie
czasu pomiedzy kolejnymi procedurami operacyjnymi oraz uniknigcie zakladania
gastrostomii. W naszym o$rodku dostgp torakoskopowy zastosowano z pozytywnym
rezultatem rowniez u pacjentéw z ekstremalnie niska masg ciata. Zaobserwowano istotng
zalezno$¢ miedzy urodzeniowa masg ciala, a wczesng $Smiertelnoscia, jednak nie byta ona
zwigzana bezposrednio z technika operacyjna, ale z wspotistnieniem cig¢zkich wad
towarzyszacych, z czego jedng trzecig stanowily istotne wady serca. Cigzkie wady
towarzyszace wydaja si¢ stanowi¢ jeden z glownych czynnikow obcigzajacych
rokowanie pacjentow [48—51]. Sposrod pozostatych analizowanych w naszym badaniu
powiktan pooperacyjnych odnotowano podobng czesto$¢ ich wystgpowania niezaleznie
od urodzeniowej masy ciata, z wyjatkiem koniecznosci implantacji gastrostomii i operacji
antyrefluksowej, ktorych istotnie cz¢$ciej wymagaly dzieci z urodzeniowa masg ciala
< 2000g, co jest spojne z istniejaca literaturg [52]. W obu przypadkach zaburzenia
karmienia w dilugoterminowej obserwacji korelowaty z chorobowos$cia towarzyszaca
wczesniactwu. Niemniej jednak czgstos¢ wystepowania zaburzen karmienia i zaburzen
oddechowych, zwigzanych z tracheomalacja, byla w catej populacji istotnie mniejsza niz
w danych prezentowanych w literaturze [53]. Moze to by¢ zwiagzane z technikg
precyzyjnej dissekcji tkanek, bez uzycia elektrokoagulacji, pozwalajacej na
zminimalizowanie urazu i widknienia otaczajacych tkanek oraz zachowanie drobnych
naczyn i nerwow, istotnych dla funkcji przetyku oraz tchawicy, jednak wymagane sa
dalsze badania.

Opierajac si¢ na literaturze oraz wynikach naszego badania czgstos$¢
wystepowania wczesnych powiktan pooperacyjnych oraz czas operacyjny moze
korelowa¢ z krzywa uczenia technik chirurgii matoinwazyjnej [54—58]. Torakoskopowa
operacja zarosni¢cia przetyku jest procedurg trudng, wymagajaca zaawansowanych
umiejetnosci oraz doswiadczenia [7,16]. Stopien trudnosci wykonania zespolenia
przetyku jest istotnie wigkszy wsrod noworodkow o niskiej masie urodzeniowej, ze
wzgledu na ograniczong przestrzen operacyjna, delikatne tkanki i potencjalne odrgbnos$ci
anatomiczne u dzieci z wadami towarzyszacymi [59,60]. W nasze] pracy zespolenie
przetyku wykonano u kazdego pacjenta, z wyjatkiem jednego, a czas operacyjny nie
zalezal od urodzeniowej masy ciata. Stwierdzono natomiast dluzszy czas operacyjny w
poczatkowym okresie obserwacji, ktory ulegt istotnej redukcji w ciggu pierwszych dwoch
lat, odzwierciedlajac przebieg krzywej uczenia [54].

Trzecia publikacja rozprawy doktorskiej koncentruje si¢ na zastosowaniu
torakoskopii w leczeniu dlugoodcinkowego zaro$nigcia przelyku. Poréwnano w niej
doswiadczenie dwoéch duzych os$rodkow, roznigcych sie¢ zardwno definicja
dlugoodcinkowego zaros$niecia przetyku, jak i strategia leczenia oraz dostgpem i technikg
operacyjng. Zgodnie z literaturg preferowane jest zachowanie natywnego przetyku, gdy
tylko to mozliwe [38,61]. Jednym ze sposobow postepowania jest odroczone pierwotne
zespolenie przelyku [62—64]. Pomimo, ze metoda moze by¢ skuteczna i wykonalna nawet
w przypadku brakujacego odcinka przelyku powyzej 3,5 cm, czas potrzebny na
spontaniczny wzrost tkanek przetyku stwarza konieczno$¢ wytworzenia gastrostomii,
przedtuzonej hospitalizacji oraz regularnego odsysania, z uwagi na ryzyko aspiracyjnego
zapalenia pluc [62—-65]. Ponadto obserwuje si¢ zwigkszong czgsto$¢ wystgpowania
choroby refluksowej przetyku [62]. Drugim sposobem postgpowania sg techniki elongacji
przetyku. Zgodnie z ideg Fokera, wydtuzanie przetyku jest indukowane dziataniem
zewngtrznych szwow trakcyjnych, zalozonych na konce przetyku, ktére zblizaja do siebie
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oba odcinki przelyku z modyfikowang sita napiecia [31]. Koncepcja Fokera stosowana
pierwotnie w chirurgii klasycznej zostata zaadoptowana przez van der Zee w 2007 r. w
chirurgii matoinwazyjnej jako torakoskopowa operacja dlugoodcinkowego zaro$nigcia
przetyku technika zewnetrznej trakcji [66], a w 2008 Prof. Dariusz Patkowski wdrozyt
torakoskopowe etapowe wydtuzanie przetyku technika wewngtrznej trakcji [32].
Poczatkowo czas pomig¢dzy kolejnymi etapami leczenia wynosit od 3 do 5 tygodni, a
wiekszos$¢ pacjentow byla operowana w dwoch etapach. Jednak zaobserwowano, ze
skrdcenie czasu pomiedzy etapami nie zredukowato szansy na wykonanie dwuetapowego
zespolenia przetyku [33]. Zredukowanie czasu pomigdzy poszczegdlnymi etapami do
kilku dni pozwolito na osiagnigcie zespolenia przetyku w ciggu 1-2 tygodni (a nawet
kilku dni dla ostatnich pacjentéw) oraz na unikniecie implantacji gastrostomii. W pracy
wykazano istotne skrocenie mediany czasu pomiedzy pierwszym etapem, a zespoleniem
przetyku dla etapowego wydluzania przelyku technika wewngtrznej trakcji (11 dni), w
porownaniu do odroczonego pierwotnego zespolenia przetyku (92 dni). Znajduje to swoje
odzwierciedlenie w dlugosci hospitalizacji, a w konsekwencji moze oddzialywaé na
0g6lna chorobowos¢, rozwoj psychospoteczny i jakos¢ zycia pacjenta [67—69]. Wsrod
pacjentow z dlugoodcinkowym zaro$nigciem przetyku zastosowanie technik chirurgii
maloinwazyjnej daje mozliwo$¢ powtarzania procedur operacyjnych nawet co kilka dni
z minimalnym urazem tkanek i ogolng odpowiedzig zapalng oraz pozwala na precyzyjna
oceng anatomii, odleglo$ci pomigdzy odcinkami przetyku i jakos$ci tkanek, co decyduje o
strategii dalszego postgpowania [32]. Pomimo ograniczen badania w zakresie mozliwos$ci
analizy pordwnawczej (liczba operatordéw, liczba pacjentdw leczonych od urodzenia w
danym o$rodku), praca stanowi poréwnanie dwoch skutecznych strategii leczenia
dhlugoodcinkowego zaros$nigcia przelyku i dowodzi optymalnych rezultatow, uzyskanych
w os$rodkach dysponujacych odpowiednim doswiadczeniem.

Ostatnie dane w literaturze wskazuja na pozytywne wyniki zastosowania
torakoskopii w leczeniu wigkszosci grup pacjentdéw z zaro$ni¢gciem przetyku
[7,8,34,35,37]. Jednak leczenie wszystkich typow zaro$nigcia przelyku wiaczajac
pacjentdw z niska masg urodzeniowa, istotnymi wadami towarzyszacymi oraz pacjentow
z dlugoodcinkowym zaro$nigciem przetyku moze wymagaé centralizacji opieki
chirurgicznej celem optymalizacji wynikéw leczenia [70] 1 ograniczenia wplywu krzywej
uczenia na przebieg procesu terapeutycznego [52,56,57,71]. Reasumujac, torakoskopia
moze by¢ korzystnym, bezpiecznym i preferowanym dostgpem operacyjnym w leczeniu
calego spektrum wrodzonego zaros$nigcia przelyku. Uzyskane wyniki przedstawione w
cyklu prac niniejszej rozprawy doktorskiej oraz doniesienia literatury dowodza jednak
potrzeby wielospecjalistycznego podej$cia w leczeniu rzadkich wad wrodzonych oraz
szczegllnych grup pacjentdéw z zaro$nigciem przelyku, jak réwniez wspotpracy
mi¢dzyosrodkowej oraz rozwoju nowych kierunkéw terapii, takich jak medycyna
regeneracyjna [72], czy nowych technologii chirurgicznych i technik symulacji
zabiegow.
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8. Whnioski

Torakoskopia w leczeniu zaro$nigcia przelyku zmniejsza czgstos$¢ i1 nasilenie
deformacji klatki piersiowej i kregostupa.

Torakoskopia moze by¢ korzystnym i preferowanym dostgpem operacyjnym w
leczeniu  wszystkich typéw zaro$nigcia przelyku, szczegodlnie postaci
dlugoodcinkowych, wymagajacych leczenia etapowego, jednak wymagane sa
dalsze randomizowane, kontrolowane badania kliniczne.

Skolioza po torakotomii moze postgpowaé 1 wymaga¢ z czasem leczenia
operacyjnego, dlatego dlugoterminowa, regularna obserwacja jest konieczna.
Torakoskopia moze by¢ uznana za bezpieczng technike operacyjng, mozliwg do
przeprowadzenia w rekach do$wiadczonego chirurga nawet u najmniejszych
noworodkow z masg urodzeniowg < 2000 g oraz u pacjentdow z istotng wrodzong
wada serca.

W oparciu o do$wiadczenia o$rodka, masa urodzeniowa noworodka nie wydaje
si¢ stanowi¢ bezposredniego przeciwwskazania do torakoskopowego leczenia
zaro$nigcia przetyku.

Torakoskopowe etapowe zespolenie przelyku technika wewnetrznej trakceji
istotnie redukuje czas do odtworzenia cigglosci przetyku oraz konieczno$¢
substytucji przetyku. W rezultacie leczenie omawiang technika skraca okres
hospitalizacji pacjenta.

Ograniczona liczba pacjentow z dlugoodcinkowym zaro$nigciem przetyku
ujemnie koreluje z mozliwoscig osiggnigcia wymaganego doswiadczenia w
leczeniu tej wady. Centralizacja leczenia dlugoodcinkowych oraz ztozonych
postaci zaro$nigcia przelyku, jak i wspotpraca migdzyosrodkowa moze prowadzié
do poprawy wynikow leczenia najtrudniejszych postaci zaros$nigcia przetyku oraz
ustalenia optymalnego sposobu postgpowania.
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9. Streszczenie rozprawy doktorskiej

Wstep i cele pracy: Celem rozprawy doktorskiej jest analiza i ocena zastosowania
torakoskopii w leczeniu wrodzonego zaro$nigcia przelyku w kontek$cie wynikow
leczenia oraz postgpowania w szczegdlnych grupach pacjentow. Celem pierwszej pracy
jest porownanie dostepu torakoskopowego i klasycznego pod wzgledem wystepowania i
stopnia nasilenia pdznych powiktan operacji zaro$nigcia przetyku - deformacji klatki
piersiowej i kregostupa. Przedmiotem drugiej pracy jest analiza wynikdw leczenia,
zastosowania i bezpieczenstwa dostepu torakoskopowego u pacjentow z zaro$nigciem
przetyku z przetoka tchawiczo-przetykowa dystalng w zalezno$ci od masy urodzeniowe;.
Celem trzeciej pracy jest ocena zastosowania torakoskopowego etapowego wydtuzania
przetyku technikg wewngtrznej trakcji na podstawie pordwnania sposobu postgpowania
operacyjnego i wynikow leczenia dlugoodcinkowego zarosnigcia przetyku w dwoéch
doswiadczonych os$rodkach chirurgii dziecigce;.

Material i metody: Niniejsza rozprawa doktorska jest badaniem obserwacyjnym,
retrospektywnym pacjentow Kliniki Chirurgii 1 Urologii Dziecigcej we Wroctawiu oraz
pacjentow dwoch innych duzych o$rodkoéw chirurgii dziecigeej. Przeanalizowano dane
demograficzne i kliniczne pacjentdw, przebieg leczenia operacyjnego, wyniki leczenia
oraz wczesne 1 pozne powiktania pooperacyjne. Wyniki analizy statystycznej z p < 0,05
uznano za istotne statystycznie.

Wyniki: W pierwszej pracy porownano 68 pacjentow po torakoskopii i 44 pacjentow po
torakotomii. Stwierdzono istotne zmniejszenie czg¢stosci wystepowania analizowanych
tacznie deformacji klatki piersiowej 1 kregostupa po torakoskopii (1,5% vs 34,1%), jak i
wystepowania skoliozy (1,5% vs 13,6%). Po torakoskopii nie obserwowano zebrozrostu
(0% vs 37,1%), ani skoliozy > 20° (0% vs 6,8%). Wspotwystepowanie zebrozrostu oraz
skoliozy po torakotomii bylo istotne statystycznie (9,1%). W grupie torakotomii leczenie
wieloetapowe oraz powiktane leczenie chirurgiczne wymagajace reoperacji byto istotnie
zwigzane z wigksza czgstoscig deformacji klatki piersiowe;j 1 kregostupa. W drugiej pracy
przeanalizowano 145 pacjentow operowanych z powodu zaro$ni¢cia przetyku typu C lub
D, ktérych podzielono na trzy grupy, w zaleznosci od urodzeniowej masy ciata— A (n=12,
< 1500 g), B (n=23, > 1500, ale < 2000 g) oraz C — (n=110, > 2000 g). Pierwotne
jednoetapowe zespolenie przelyku wykonano u: 91,7% pacjentéw — grupa A, 82,6% —
grupa B 1 100% — grupa C. Wczesng $Smiertelnos$¢ stwierdzono u 25% pacjentéw — grupa
A, 8,7 % — grupa B oraz 1,8% — grupa C, ale nie byta ona bezposrednio zwigzana z
leczeniem chirurgicznym. Nie stwierdzono istotnych roéznic w czasie operacyjnym i
nastepujacych powiklaniach: nieszczelno$¢ zespolenia, nawrotowa przetoka tchawiczo —
przetykowa, zwezenia przetyku i chtonkotok. Nie byto Zadnej konwersji do torakotomii.
Fundoplikacja i implantacja gastrostomii byly istotnie czg¢$ciej konieczne u pacjentow z
masg urodzeniowg < 2000 g. Trzecia praca obejmowata 28 pacjentéw — osrodek A oraz
24 pacjentdow — osrodek B. Oba osrodki réznity si¢ pod wzgledem dostepu 1 techniki
operacyjnej: w osrodku A stosowano gltéwnie metode torakoskopowego etapowego
wydhuzania przelyku technika wewnetrznej trakcji, a w osrodku B pierwotne zespolenie
przelyku, odroczone pierwotne zespolenie, wydtuzanie przetyku technika zewnetrznej
trakcji oraz rekonstrukcje przetyku. Dostep operacyjny byt torakoskopowy w osrodku A,
z wyjatkiem jednego pacjenta, ktory wymagal zabiegu otwartego w ostatnim etapie
leczenia. W os$rodku B dostep operacyjny byt torakoskopy (20,8% pacjentéw, z czego
40% wymagato konwersji) lub klasyczny (79,2%). Analizowane powiktania
pooperacyjne nie roznily si¢ istotnie pomiedzy osrodkami. Mediana wieku pacjenta w
chwili zespolenia przelyku wynosita 31 dni w o$rodku A i 110 dni w o$rodku B. Mediana
czasu mig¢dzy pierwszym zabiegiem i zespoleniem przetyku wynosita 11 dni w
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osrodku A 192 dni w os$rodku B.

Whioski: Stwierdzono istotng zalezno$¢ migdzy torakoskopowym leczeniem zaro$nigcia
przelyku, a zmniejszeniem czestosci i nasilenia deformac;ji klatki piersiowej i kregostupa
w badanym materiale, ale z uwagi na czas rozwoju deformacji i potencjalng wrodzong
predyspozycje wymagana jest dlugoterminowa, regularna obserwacja pacjentow.
Torakoskopia moze by¢ uznana za bezpieczng technik¢ operacyjna, mozliwag do
przeprowadzenia w r¢kach doswiadczonego chirurga nawet u najmniejszych
noworodkow z masg urodzeniowa < 2000 g oraz u pacjentéw z istotng wrodzong wada
serca. W oparciu o doswiadczenia osrodka, masa urodzeniowa noworodka nie wydaje si¢
stanowi¢ bezposredniego przeciwwskazania do torakoskopowego leczenia zaro$nigcia
przetyku. Torakoskopia moze by¢ korzystnym i preferowanym dostgpem operacyjnym w
leczeniu wszystkich typow zaros$nigcia przetyku, szczegdlnie postaci dlugoodcinkowych,
wymagajacych leczenia etapowego, jednak wymagane sg dalsze randomizowane,
kontrolowane badania kliniczne. Torakoskopowe etapowe zespolenie przetyku technikg
wewnetrznej trakcji istotnie redukuje czas do odtworzenia ciggloéci przelyku oraz
konieczno$¢ substytucji przetyku.

25



Rozprawa doktorska | Dominika Borselle

10. Summary

Introduction and aims: The aim of the doctoral thesis, which involves a series of
thematically related publications, was to analyze and evaluate the utilization of
thoracoscopy and minimally invasive surgical techniques in the treatment of congenital
esophageal atresia in the aspects of outcomes and management in specific patient groups.
The objective of the first research was to compare the frequency and severity of thoracic
musculoskeletal deformities after open and thoracoscopic repair of EA. The second study
aimed to analyze the results, feasibility and safety of the thoracoscopic approach for
patients with esophageal atresia with tracheoesophageal fistula (EA/TEF) depending on
the patient’s birth weight. The aim of the third study was to evaluate thoracoscopic multi-
stage esophageal elongation using internal traction technique based on comparison of the
management and outcomes of long gap esophageal atresia (LGEA) between two high-
volume centers.

Materials and methods: The doctoral dissertation is an observational, retrospective
study, involving patients treated at the Department of Pediatric Surgery and Urology in
Wroclaw, as well as patients from two other high-volume centers of pediatric surgery.
Demographic and clinical data of the patients, surgical management, outcomes, early and
late postoperative complications were analyzed. The results were considered statistically
significant at p < 0.05.

Results: In the first study 68 patients, who underwent thoracoscopy, and 44 patients, who
underwent thoracotomy were compared. The incidence of the overall thoracic
musculoskeletal deformities was significantly lower in the thoracoscopy group (1.5%)
compared to the thoracotomy group (34.1%). Scoliosis occurrence was significantly
reduced after thoracoscopy (1.5% vs 13.6%). There was no rib fusion (0% vs 37.1%) and
no scoliosis of =>20° (0% vs 6.8%) after thoracoscopy. The coincidence of rib fusion and
scoliosis was significant (9.1%) for the open approach. In the thoracotomy group, multi-
staged surgery and more frequent reoperations due to major complications were
significantly associated with an increased occurrence of deformities. In the second study
145 consecutive newborns, who underwent thoracoscopic EA with TEF repair were
analyzed. They were divided into three groups according to birth weight — A (n=12,
< 1500 g), B (n=23, > 1500 g, but < 2000 g), and C (n=110, > 2000 g). Primary one-
stage anastomosis was performed in: 91.7% patients - group A, 82.6% - group B and
100% - group C. Early mortality was 25% — group A, 8.7 % — group B, and 1.8% — group
C and was not directly related to the surgical repair. There were no significant differences
in operative time and the following complications: anastomotic leakage, recurrent TEF,
esophageal strictures, and chylothorax. There were no conversions to an open surgery.
Fundoplication and gastrostomy were required significantly more frequently in newborns
with birth weight < 2000 g. The third study involved 28 patients — Centre A and 24
patients — Centre B. Both centers differed in surgical approach and technique: in Centre
A patients were mainly treated with thoracoscopic multi-stage esophageal elongation
using internal traction technique, whereas in Centre B primary esophageal anastomosis,
delayed primary anastomosis, esophageal lengthening with external traction technique or
esophageal replacement were utilized. The surgical approach was thoracoscopic in the
Centre A, only for one patient was open for final procedure. In the Centre B the surgical
approach was thoracoscopic (20.8% patients, with 40% conversion rate) or open (79.2%).
Analyzed postoperative complications did not reveal significant differences. Age at
esophageal continuity was as a median 31 days in Centre A and 110 days in Centre B.
Median time between initial procedure and the esophageal anastomosis was 11 days in
Centre A and 92 days in Centre B.
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Conclusion: The frequency and severity of thoracic musculoskeletal deformities were
significantly lower after the thoracoscopic approach, however, due to the time required
for the development of deformities and potential congenital predisposition, long-term,
regular follow-up is necessary. In an experienced surgeon’s hands, even in the smallest
newborns with birth weight of < 2000 g and major cardiac defect, the thoracoscopic
approach may be safe, feasible, and worthy of consideration. Based on the Department’s
experience, birth weight seems to be not a direct contraindication to the thoracoscopic
approach. Thoracoscopy may be a more advantageous and preferred surgical approach
for the treatment of full spectrum of EA/TEF, although further randomized, controlled
studies are necessary. Thoracoscopic internal traction technique reduces time to achieve
esophageal continuity and the need for esophageal substitution.
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Introduction: Thoracic musculoskeletal deformities are significant complications following open
correction of esophageal atresia (EA) during long-term follow-up. We aimed to compare the frequency
and severity of thoracic musculoskeletal deformities after open and thoracoscopic repair of EA. We
hypothesized that fewer deformities would occur following the less invasive thoracoscopic approach.
Methods: This retrospective study analyzed patients treated at two pediatric surgery departments in
Poland between 2005 and 2021. The patient groups differed in surgical approach, operative techniques,
indications for multi-staged surgery, and postoperative complications. The study encompassed all types
of EA/TEF. The first group comprised 68 patients who underwent thoracoscopic esophageal atresia repair
(Wroclaw), while the second group involved 44 patients who underwent open repair (Warsaw). Clinical
data were retrospectively reviewed, with results considered significant at p < 0.05.
Results: The median age at examination was 6 years in the thoracoscopy group and 5.5 years in the
thoracotomy group. In the thoracoscopy group, 53 out of 68 patients (77.9%) and in the thoracotomy
group — 35 out of 44 patients (79.5%) were treated in one stage. The incidence of thoracic musculo-
skeletal deformities was significantly lower in the thoracoscopy group (1.5%) compared to the thora-
cotomy group (34.1%, p < 0.001). Scoliosis occurred significantly more often after thoracotomy (13.6% vs
1.5%, p = 0.016). There was no rib fusion (0% vs 37.1%, p < 0.001) and no scoliosis of =>20° (0% vs 6.8%,
p = 0.058) after thoracoscopy. The coincidence of rib fusion and scoliosis was significant (9.1%, p = 0.022)
for the open approach. In the thoracotomy group, multi-staged surgery and more frequent reoperations
due to major complications were significantly associated with an increased occurrence of deformities.
None of the patients after thoracoscopic multi-stage or complicated EA/TEF repair developed scoliosis.
Conclusions: The frequency and severity of thoracic musculoskeletal deformities were significantly lower
after the thoracoscopic approach. Thoracoscopy may be a more advantageous and preferred surgical
approach for the EA/TEF treatment, although further randomized, controlled studies are necessary. Post-
thoracotomy scoliosis may progress to a severity requiring surgery.

© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

including reconstructive ones, with reducing morbidity specific for
open surgery. In this study we focus on esophageal atresia with or

Minimally invasive surgery (MIS) has extended and evolved without tracheoesophageal fistula (EA/TEF) management and long-
over the last years to enable performance of many procedures, term chest wall and spinal morbidity.

Thoracic musculoskeletal deformities following surgical treat-
ment of esophageal atresia are a well-known and significant
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chest-wall injury, subsequent healing process and chronic pleural
inflammation with tissue scarring may result in asymmetric
development of thorax, improper chest wall mobility, rib fusion,
scoliosis and even respiratory disorders [1,5—7].

Introduction of thoracoscopic technique has provided a chance
to decrease or even avoid skeletal deformities in the chest. How-
ever, a complete evaluation of these complications requires to take
into consideration aspects connected with uneven spectrum of EA/
TEF, time necessary to develop thoracic wall morbidity, as well as
diagnostic protocol during the follow-up. EA/TEF occurs as isolated
malformation or may be accompanied by other defects, including
vertebral and rib anomalies that enhance a risk of scoliosis. More-
over, surgical management may require multi-stage surgery for
long-gap esophageal atresia (LGEA) with possible postoperative
complications. Thoracic musculoskeletal deformities may occur at
various times after the surgery and may progress over time, so
regular follow-up is crucial.

Insufficient data in the literature prompts to explore further an
impact of minimally invasive approach on the chest wall develop-
ment. The main purpose was to compare the frequency and severity
of thoracic musculoskeletal deformities after open and thoraco-
scopic repair of EA. We hypothesized that less deformities would
occur after the less invasive thoracoscopic approach. Moreover, we
assessed the development of deformities in relation to surgical
complications and reoperations.

2. Materials and methods
2.1. Study population and surgical technique

This is a retrospective study on patients treated in two de-
partments of pediatric surgery in Poland between the years of 2005
and 2021: Department of Pediatric Surgery and Urology, University
Hospital in Wroclaw (Wroclaw) and Department of Pediatric Sur-
gery, Pediatric Urology and Pediatrics, Pediatric Clinical Hospital in
Warsaw (Warsaw).

One group underwent only thoracoscopic EA/TEF repair (Wro-
claw — thoracoscopy group) and in the second group only thora-
cotomy was performed (Warsaw — thoracotomy group). In both
groups we distinguished one-staged and multi-staged repair. In
Wroclaw group one-stage right-side thoracoscopic approach was
mainly for type C and D, exceptionally for type A. Only a few pa-
tients with type C had a two-staged repair because of patient's
instability: at first stage fistula ligation and in the second —
esophageal anastomosis. In Wroclaw center a long-gap EA (LGEA)
were classified only as type A and B, and multi-staged thoraco-
scopic lengthening with internal traction suture technique was
applied [8]. The posterior mediastinum was favorably accessed
through three 3—5 mm ports placed around a scapula. Azygos vein
was preserved in all cases. Currently there is no need for electro-
surgery, and esophageal pouches are mobilized using blunt
dissection. A chest cavity drain is placed in particular cases, espe-
cially with anastomosis under high tension. All patients were
treated by the two single surgeons.

The Warsaw group of patients underwent only open correction
of EA/TEF. The two particular surgeons were also involved in sur-
gical treatment All these EA/TEF repairs were performed through a
right posterolateral thoracotomy in the 4 or 5 intercostal space with
or without muscle-sparing technique as one-staged or multi-
staged repair. In the muscle-sparing technique both muscles: la-
tissimus dorsi and serratus anterior were retracted and preserved
during dissection. An extrapleural access was used to achieve
esophageal ends. If the distance between esophageal pouches had
not allowed to perform a primary anastomosis, multi-staged repair
would have been applied. A disability to connect the upper and

lower esophageal pouches in a one step was a criterion for inclusion
to LGEA group, notwithstanding the type of EA/TEF. Multi-staged
repair included different open techniques both preserving native
esophagus — internal traction, external traction m. Foker [9,10],
Livaditis technique [11], anterior flap m. Gough [12], and with
esophageal substitution — Scharli technique [13], replacement
surgery using intestine loop. Multi-staged surgery also involved
complicated and unstable cases. In all cases azygos vein was ligated
and chest drain was placed.

Patients with accompanying congenital spinal or chest wall
defects present at the time of operation or who underwent other
surgical procedures connected with the risk of musculoskeletal
thoracic deformities (for example heart defects correction with
sternotomy) were excluded from this study. A follow-up was at
least one year at the time of examination. Only patients with
complete follow-up documentation were considered for the study.
The study groups were secondary divided into three subgroups
according to patients’ age at examination: the first group of chil-
dren 1-5 years old, the second group — 6—10 years of age, and the
third one that included 11-15 years-old children. Considering the
incidence of thoracic musculoskeletal deformities with regard to
particular potential risk factors for the deformities we also distin-
guished subgroups of one- and multi-stage thoracic EA/TEF repair,
as well as populations with complicated or uncomplicated post-
operative course, including cases requiring reoperation. Analyzed
complications involved anastomotic leakage, TEF recurrence, as
well as stricture or chylothorax with need for redo surgery.

2.2. Patient's data and follow-up

The clinical data of each patient were retrospectively reviewed
from medical documentation. Eligible for the study patients were
invited after comprehensive explanation of aims and details of the
study. The consent was obtained. Patients were followed during
control visits at an outpatient office. For each patient a history and
physical examination were performed, during which the spine and
chest wall were evaluated. The data from physical examination, X-
ray imaging or CT scans, if available, were analyzed. It included
spine shape, accuracy of physiological spine flexures and features of
scoliosis. Subsequently, a chest wall was examined in search of
potential rib deformities including rib fusion. The physical exami-
nation and evaluation of the spine and chest wall for the study was
performed by the first author in thoracoscopy group and the second
author in thoracotomy group. The operators of EA/TEF surgery su-
pervised the follow-up.

All patients had chest X-rays in P-A projection performed for
other reasons (i.e., esophageal contrast study) that were also
evaluated in conjunction with physical examination to look for
incidental skeletal deformities. Additional x-ray imaging was per-
formed only in cases of chest wall or spine deviations in physical
examination. In some cases, a CT scan of the thorax using a low dose
scanning technique was performed. The X-rays and the CT scan had
been assessed independently by the orthopedist and the radiologist
experienced in pediatric diseases.

The rib fusion and scoliosis were evaluated. Scoliosis was
considered as a lateral curvature of the spine equal to or more than
10° of Cobb angle with vertebral rotation [14,15]. To differentiate
the severity of scoliosis we distinguished a mild scoliosis of 10—19°
of Cobb angle and a significant scoliosis of 20 and more Cobb angle
degrees, at which treatment is generally recommended [14,15]. The
rib fusion was confirmed based on CT scan or X-rays in correct
projection. Thoracic musculoskeletal deformities were evaluated in
the study population divided into three subgroups according to
patients’ age at examination and this issue was also considered in
the assessment of severity of deformities.
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2.3. Statistical analysis

Qualitative characteristics (nominal and ordinal) were collected
in contingent tables as number (n) and percentage (%). Indepen-
dence of two variables was verified using x> Pearson and two-sided
exact Fisher test.

Medians (Me), quartiles inferior (Q1) and superior (Q3) and
extreme values — minimum (Min) and maximum (Max) were
computed for quantitative parameters. The Shapiro—Wilk test was
applied to assess compatibility of these parameters with normal
distribution. In cases of exemption from normal distribution,
parametric test — Mann—Whitney test-was applied.

A chance for deformity presentation depending on analyzed risk
factors occurrence was obtained using odds ratio (OR). ROC curve
was prepared to estimate scoliosis occurrence based on patient's
age.

Statistical results were considered as significant if a probability
value for tests was below 0.05.

2.4. Study approvals

This study was approved by the Ethic Committee of Medical
University in Wroclaw with the Approval Code of 169/2022 and
Approval Date 24.02.2022.

3. Results
3.1. Patients’ cohort

Clinical data of the study groups is outlined in Table 1. Major
differences between the groups were percentage of patients with
LGEA (18% vs 4.5%) and surgical complications requiring reopera-
tion (0% vs 88%). All cases of anastomotic leakage in thoracoscopy
group were treated conservatively and 1 case of TEF recurrence was
effectively managed with bronchoscopy procedure.

3.2. Thoracic musculoskeletal deformities

Thoracic musculoskeletal deformities developed in 17.9% of the
total material. The incidence of thoracic musculoskeletal de-
formities was significantly lower in thoracoscopy group (1.5%)
versus thoracotomy group (34.1%, p < 0.001) (see Table 2).

In thoracotomy group scoliosis was diagnosed in 6 patients: 1st
— 10° at 11 years of age, 2nd — 10° at 11 years of age, 3rd — 15° at 10
years of age, 4th — 20° at 10 years of age, 5th — 28° at 6 years of age
and 6th — 52° at 13 years of age. In thoracoscopy group the only one
affected patient was 15 years old and was diagnosed with scoliosis
of 14°. Thoracoscopy group did not involve patients with
scoliosis =>20°. In a third of patients with postoperative scoliosis
the progress of deformity was severe so as to warrant consideration
of scoliosis surgery.

In thoracotomy group multi-staged surgery and more frequent
reoperations for major complications were significantly associated
with the increased incidence of deformities. The only one patient
who developed scoliosis from thoracoscopy group was repaired in
one stage. An overall number of multi-stage procedures was higher
in the thoracoscopy group, while a rate of thoracic musculoskeletal
deformities was significantly reduced (see Table 3, Figs. 1 and 2).

In thoracotomy group there was a significant coincidence of
scoliosis and rib fusion. A probability of scoliosis development in
the population of patients with rib fusion was more than 9 times
higher than in the group of patients without rib fusion after EA/TEF
surgery.

All cases of scoliosis were diagnosed in children between 6 and
15 years old. An analysis of ROC curve to estimate scoliosis

Table 1
Characteristics of patients’ population and surgical repair.
Variable Surgical approach p
Thoracoscopy Thoracotomy
(Wroclaw) N = 68 (Warsaw) N = 44
Gender: 0.698

Female, n/N (%) 29/68 (42.6%) 21/44 (47.7%)

Male, n/N (%) 39/68 (57.4%) 23/44 (52.3%)

Birth weight (g) 0.866
Mean * SD 2462 * 621 2486 * 829

Min — Max 1010—3600 1080—5000

Other defects: 0.675

Isolated EA/TEF
Associated EA/TEF

46/68 (67.6%)
22/68 (32.4%)

32/44 (72.7%)
12/44 (27.3%)

Type of EA/TEF 0.233

A 6/68 (8.8%) 1/44 (2.3%)

B 6/68 (8.8%) 1/44 (2.3%)

C 54/68 (79.4%) 40/44 (90.9%)

D 2/68 (2.9%) 2/44 (4.5%)

LGEA (type A and B) 12/68 (17.6%) 2/44 (4.5%) 0.041

Number of EA/TEF 0.917
repair stages

1 (One-staged) 53/68 (77.9%) 35/44 (79.5%)

2 10/68 (14.7%) 7144 (15.9%)

3 2/68 (2.9%) 1/44 (2.3%)

4 1/68 (1.5%) 1/44 (2.3%)

5 1/68 (1.5%) 0/44 (0.0%)

6 1/68 (1.5%) 0/44 (0.0%)

Multi-staged total 15/68 (22.1%) 9/44 (20.5%)

Major complications

Overall number

Complications
requiring reoperation

7/68 (10.3%)
0/7 (0.0%)

8/44 (18.2%) 0.232
7/8 (87.5%) 0.001

Bold signifies the results were considered significant at p < 0.05.

occurrence based on age revealed a cut-off point at 10 years
(Youden's index 0.68, AUC = 0.890, likelihood ratio = 5.3).

4. Discussion

We hypothesized that fewer deformities would occur after the
less invasive thoracoscopic approach. The aim of the study was to
compare the frequency and severity of thoracic musculoskeletal
deformities after open and thoracoscopic repair of EA/TEF. It is
currently known that patients with EA/TEF are at increased risk of
thoracic musculoskeletal deformities which may occur as primary
rib cage or vertebral malformations, as well as may develop sec-
ondary to performed surgery [1—5,16]. Open approach for EA/TEF
repair has been widely described to be in relation to an elevated
risk of scoliosis and rib fusion [1,4—7,16—21]. This study revealed
the significant association between thoracoscopy and the reduced
incidence of thoracic musculoskeletal deformities in a long-term
follow-up.

The literature pointed out different mechanisms contributing to
thoracic musculoskeletal sequelae. Majority of authors attributed

Table 2

Characteristics of the overall risk for scoliosis, rib fusion and coincidence of
scoliosis and rib fusion depending on the surgical approach. * For the chest wall
deformities, the population involved patients with X-rays adequate in terms of
ribs assessment.

Variable Surgical technique p
Thoracoscopy Thoracotomy
N =68 N =44
Scoliosis, n/N (%) 1/68 (1.5%) 6/44 (13.6%) 0.016
Rib fusion, n/N (%) 0/37 * (0.0%) 13/35 * (37.1%) <0.001
Scoliosis and rib 0/68 (0.0%) 4/44 (9.1%) 0.022

fusion, n/N (%)

Bold signifies the results were considered significant at p < 0.05.
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Table 3

Illustrated characteristics of the study population according to age at examination, features of scoliosis and occurrence of musculoskeletal deformities in relation to multi-stage
thoracic surgery, as well as to complicated treatment. * Multi-stage treatment was defined as more than one planned or emergency thoracic procedure.

Variable

Surgical technique p

Thoracoscopy N = 68

Thoracotomy N = 44

Age at examination (year) 1.000
Me (Q1 — Q3) 6 (3-9) 5.5(2-9.5)
Min — Max 1-15 1-13
Number of patients 1-5 years, n/N (%) 33/68 (48.5%) 22/44 (50.0%) 0.888
Number of patients 6—10 years, n/N (%) 20/68 (29.4%) 17/44 (38.6%) 0.310
Number of patients 1115 years, n/N (%) 15/68 (22.1%) 5/44 (11.4%) 0.149
Scoliosis characteristics
Mild scoliosis =>10°—19°, n/N (%) 1/68 (1.5%) 3/44 (6.8%) 0.298
Significant scoliosis =>20°, n/N (%) 0/68 (0.0%) 3/44 (6.8%) 0.058
Scoliosis at age 1-5 years 0/33 (0.0%) 0/22 (0.0%) 1.000
Scoliosis at age 6—10 years 0/20 (0.0%) 3/17 (17.6%) 0.088
Scoliosis =>20° 0/20 (0.0%) 2/17 (11.8%) 0.204
Scoliosis at age 1115 years 1/15 (6.7%) 3/5 (60.0%) 0.032
Scoliosis =>20° 0/15 (0.0%) 1/5 (20.0%) 0.250
Single/double arch scoliosis N=1 N=6
Single arch 1/1 (100.0%) 3/6 (50.0%) 1.000
Double arch 0/1 (0.0%) 3/6 (50.0%)
Convexity
Left, n/N (%) 0/1 (0.0%) 1/6 (16.7%) 0.286
Right, n/N (%) 1/1 (100.0%) 5/6 (83.3%)
Cobb angle degree (°)
Me (Q1 — Q3) - 17.5 (10-34)
Min — Max 14-14 10-52
=>20°, n/N (%) 0/1 (0.0%) 3/6 (50.0%) 1.000
10—19°, n/N (%) 1/1 (100.0%) 3/6 (50.0%)
Musculoskeletal deformities in complicated surgical treatment

Thoracoscopy N = 7 Thoracotomy N = 8 p
Scoliosis and/or rib fusion in overall 0/7 (0.0%) 6/8 (75.0%) 0.007
Scoliosis 0/7 (0.0%) 3/8 (37.5%) 0.200
Rib fusion 0/7 (0.0%) 6/8 (75.0%) 0.007
Musculoskeletal deformities in multi-stage surgery*

Thoracoscopy N = 15 Thoracotomy N = 9 p
Scoliosis and/or rib fusion in overall 0/15 (0.0%) 5/9 (55.6%) 0.003
Scoliosis 0/15 (0.0%) 3/9 (33.3%) 0.042
Rib fusion 0/15 (0.0%) 5/9 (55.6%) 0.003

Bold signifies the results were considered significant at p < 0.05.

these deformities to the thoracotomy itself [2,18]. Standard thora-
cotomy may result in damage and denervation of serratus anterior
and latissimus dorsi muscles, subsequent fibrosis, as well as injury
of long thoracic nerve leading to further functional restriction
[1-7,18—21]. Although relevant modifications such as muscle-
sparing technique [7,20,21] and methods of intercostal space
closure [1,21,22] limit these complications, they did not eliminate
the necessity for wide intercostal space spreading to obtain an
optimal access and visibility of posterior mediastinum [20,23].

—

Fig. 1. Patient after 6 stages of thoracoscopic LGEA repair using internal traction
technique. Nowadays he is 6 years old.

In our study a frequency of scoliosis was significantly lower after
thoracoscopy — 1.5% versus 13.6% after thoracotomy. To compare,
an incidence of idiopathic scoliosis is approximately 0.47—5.2%
[24]. We observed rib fusion to be a significant complication only
just after thoracotomy with the incidence similar to those reported
by the literature [25]. Thoracotomy-induced rib fusion related to
tight intercostal closure tends to be considered as relevant pre-
dictive factor for the scoliosis development [1,4,19,26]. Our study
revealed a significant coincidence of rib fusion and scoliosis. A
probability of scoliosis development was calculated as more than 9
times higher than in the group of patients without rib fusion.

Furthermore, postoperative complications such as anastomotic
leakage and mediastinitis followed by inflammation, adhesions,
pleural scarring or even chronic pleural thickening may be a reason
of chest wall morbidity in the long-term follow-up [3]. Our study
revealed that many patients with major complications after open
EA/TEF repair manifested thoracic musculoskeletal deformities in
the observational period. Nevertheless, most of these patients
required re-thoracotomy, which is also considered to be a risk factor
of the chest wall sequelae [27]. None of patients with complicated
postoperative course after thoracoscopy developed thoracic
musculoskeletal deformities. It is worth to note that all complica-
tions were treated conservatively without the need for reoperation.

Open approach as related to wider chest wall injury may enhance
a risk of the thoracic wall sequelae increased with the consecutive
stages, as observed in this study [27]. Moreover, re-thoracotomy, in



D. Borselle, K. Grochowski, S. Gerus et al. / Journal of Pediatric Surgery 59 (2024) 1719—1724 1723

Rib fusion N=13

™

scoliosis
31%

*[no scoliosis|-
\ | 69%

No rib fusion N =22

| scoliosis
5%

Fig. 2. Scoliosis and rib fusion occurrence in thoracotomy group.

majority associated with extensive adhesions and more difficult
visualization of the anatomical structures, may be more traumatic.
However, Bastard et al. reported that thoracic deformities were not
correlated either with the type of EA or number of thoracotomies,
and only the first procedure primarily triggered the pathology [28].
None of patients after multi-staged thoracoscopic repair (even after
six stages) appeared with scoliosis. It should be noted that both
departments differed in indications for multi-stage treatment, as
well as in the size of LGEA populations (type A and B).

All cases of scoliosis in this study were diagnosed in children
older than 5 years. In thoracotomy group the difference was sig-
nificant for patients aged 11—15 years. However, scoliosis =>20°
also occurred in the group of 6—10 years of age, that points out the
age dependent severity. Early diagnosis of scoliosis =>20° may be
associated with different, age-related therapeutic strategy and
prognosis [22]. In opposite to adolescent scoliosis, thoracogenic
scoliosis has been reported to appear at a mean age of 6 years [29].
A period of puberty may affect the clinical presentation, accelerate
its manifestation and cause progression of scoliosis [29,30]. The
natural history of the deformities seemed rather benign, however
in a third of patients with postoperative scoliosis from our study
the progress of deformity was severe so as to advocate consider-
ation of the spinal surgery [1,22,30].

Although MIS techniques seem to be associated with consider-
able musculoskeletal and esthetic advantages compared to open
repair, there is still not enough confirmative and validating data in
the literature [31]. Thoracoscopy as minimally invasive access with
minor injury of thorax and intact musculoskeletal structure of chest
wall tends to reduce postoperative scars and deformities of the
thorax [28,31—36]. High-quality visualization improves precision of
surgery that may help to save surrounding tissues and limit adhe-
sions, especially using a technique of anatomical, blunt dissection,
without electrosurgery [35]. The literature reported that AV pres-
ervation may be advantageous in terms of reduced postoperative
complications of anastomosis [37—40] and prevention of TEF
recurrence [41], whereas AV ligation might disturb blood circulation
in the region with the potential for the subsequent chest deformity.
Furthermore, owing to minimal access, a relevant advantage of MIS
is the possibility to perform repeated thoracoscopic procedures in
short intervals of time, even in a few days for LGEA repair [8,35]. MIS
approach may be especially advantageous for EA/TEF patients due to
their innate predisposition to musculoskeletal anomalies [42].

Another relevant aspect is an impact of EA/TEF and musculo-
skeletal deformities on patients' quality of life and physical activity
[22,43—46]. According to the literature, reduced physical activity
and impaired motor skills in patients with musculoskeletal ab-
normalities were frequent after open EAJTEF repair, which
might influence patient's psychosocial, emotional and cognitive
development [22,44,45]. Therefore a multidisciplinary, systematic
follow-up is necessary [1,22,44—46].

A limitation of the study is its retrospective design. Patients were
evaluated at different age and time from the last surgery, with
median age at examination of 5.5—6 years (maximum 15 years in
thoracoscopy group and 13 years in thoracotomy group), so it is
necessary to further follow-up the patients. However, comparable
and homogenous in terms of surgical approach populations are
advantages of the study. Due to potential congenital predisposition
to thoracic musculoskeletal deformities in EA/TEF patients, which
may affect the clinical presentation and study observations, we
excluded patients with accompanied musculoskeletal malforma-
tions present at the time of surgery, however they might be not
diagnose in the routine X-ray study in the neonatal period [1,42]. 2
particular surgeons were involved in thoracoscopic EA/TEF repair in
both centres, thus an impact of experience on outcomes should be
taken into consideration. Nevertheless, this is the first study on
relatively large population of patients who underwent MIS repair for
all types of EA with no conversion.

5. Conclusions

The frequency and severity of thoracic musculoskeletal de-
formities were significantly lower after thoracoscopic approach. In
this aspect thoracoscopy may be more advantageous and preferred
surgical approach for the EA/TEF treatment, however it requires the
following randomized, controlled studies. Post-thoracotomy scoli-
0sis may progress to a severity requiring surgery, therefore a long-
term follow-up is necessary. Thoracoscopy may be worthwhile
surgical approach especially with the requirement for multi-stage
repair.
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Abstract

Background This study aimed to analyze the results, feasibility and safety of the thoracoscopic approach for patients with
esophageal atresia with tracheoesophageal fistula (EA/TEF) depending on the patient’s birth weight.

Methods The study involved only type C and D EA/TEF. Among the analyzed parameters were the patients’ characteristics,
surgical treatment and post-operative complications: early mortality, anastomosis leakage, anastomosis strictures, chylotho-
rax, TEF recurrence, and the need for fundoplication or gastrostomy.

Results 145 consecutive newborns underwent thoracoscopic EA with TEF repair. They were divided into three groups—A
(N =12 with a birth weight < 1500 g), B (N=23 with a birth weight> 1500 g but <2000 g), and C—control group (N=110
with a birth weight >2000 g). Primary one-stage anastomosis was performed in 11/12 (91.7%) patients—group A, 19/23
(82.6%)—group B and 110 (100%)—group C. Early mortality was 3/12 (25%)—group A, 2/23 (8.7%)—group B, and 2/110
(1.8%)—group C and was not directly related to the surgical repair. There were no significant differences in operative time
and the following complications: anastomotic leakage, recurrent TEF, esophageal strictures, and chylothorax. There were no
conversions to an open surgery. Fundoplication was required in 0%—group A, 4/21 (19.0%)—group B, and 2/108 (1.9%)—
group C survivors. Gastrostomy was performed in 1/9 (11.1%)—group A, 3/21 (14.3%)—group B and 0%—group C.
Conclusion In an experienced surgeon’s hands, even in the smallest newborns, the thoracoscopic approach may be safe,
feasible, and worthy of consideration. Birth weight seems to be not a direct contraindication to the thoracoscopic approach.

Keywords Thoracoscopy - Low birth weight - Esophageal atresia - Minimally invasive surgery - Newborn surgery

Some aspects of esophageal atresia with distal tracheoesoph-
ageal fistula (EA/TEF) repair remain contentious, with lim-
ited evidence for the best practice [1]. Based on the prevail-
ing Gross classification of EA, type C—EA with distal TEF
comprises approximately 84% of cases, while type D—EA
with proximal and distal TEF constituting around 1% [2]. In
the majority of these patients, primary anastomosis is feasi-
ble [3]. According to the European Reference Network for
Rare Inherited Congenital Anomalies (ERNICA) consensus,
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the thoracoscopic approach for EA/TEF treatment has many
advantages over the open approach but requires specialized
expertise [1].

Minimally invasive surgery (MIS) has emerged as a prom-
ising approach for many procedures, including reconstruc-
tive ones, with particular significance for neonatal patients
[1, 4]. The recent literature has revealed evidence that both
thoracoscopic and open surgical strategies yield comparable
outcomes in the treatment of EA/TEF [5-9]. Nevertheless,
substantial concerns persist regarding the feasibility and
safety of thoracoscopy in specific patient cohorts, notably
those with birth weights below 2000 g and/or major associ-
ated malformations [8, 10]. The advancements in perinatal
and anesthetic management have had a profound impact
on better prognosis [11]. However, inherent challenges are
primarily attributed to patient risk factors, including gen-
eral instability, extremely limited operative space, fragile
tissues, accompanying anomalies, and immature homeosta-
sis mechanisms. Although higher mortality and morbidity
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rates have not been directly associated with performed open
surgery, various strategies were described to minimize com-
plications [12, 13]. Thoracoscopy in premature patients pre-
sents challenges including potential anesthetic intolerance
to CO, insufflation and technical complexities related to
esophageal anastomosis [14]. Despite recent studies dem-
onstrating favorable outcomes in thoracoscopic EA repair
for low-birth-weight newborns, data remains limited due to
the condition’s rarity, the complexity of minimally invasive
surgery (MIS) and the extensive learning process essential
for achieving proficiency and sufficient expertise in this tech-
nique [4, 14-19].

The main purpose of the study was to analyze the results,
feasibility, and safety of the thoracoscopic approach for
patients with EA/TEF, depending on the patient’s birth
weight.

Materials and methods

An entire population of the consecutive newborns underwent
thoracoscopic EA/TEF repair at the Department of Pediatric
Surgery and Urology in Wroclaw between 2005 and 2022.
The study involved all newborns with type C and D EA/TEF
who underwent surgical repair for EA/TEF at our depart-
ment during the study period, encompassing patients born in
other departments and subsequently transferred to our hos-
pital. Long gap esophageal atresia (LGEA) cases, defined as
type A and B, were excluded. Newborns who received their
initial or definitive surgery at other departments were also
excluded. The patients’ data were retrospectively reviewed
from medical documentation. Patients were regularly fol-
lowed up during scheduled visits at an outpatient clinic.

Newborns were divided into three groups according to
birth weight: below 1500 g (Group A), equal to 1500 but
below 2000 g (Group B), and equal or above to 2000 g
(Group C—control group).

Throughout the study period all consecutive patients were
operated on using a thoracoscopic approach. There were no
conversions to open surgery in the entire series. From the
first and successful thoracoscopic type C EA/TEF repair in
Poland in 2005, which was performed in our department, the
indication for thoracoscopic EA/TEF repair has been almost
any case considered for open repair. The operative treatment
was in majority of cases performed on the second—third
day of life following appropriate preoperative management.
The surgical procedure commenced with a preoperative rigid
bronchoscopy to identify a potential proximal TEF, assess
for possible malformations of trachea and larynx and predict
the gap between esophageal pouches by position of the dis-
tal TEF. Throughout the thoracoscopic procedure bilateral
lung ventilation was managed in all cases. The pneumotho-
rax pressure was around 5—6 mmHg, depending on birth

weight, and reduced to even 4 mmHg later, if a mediastinum
exposure was sufficient. The procedure was performed using
two 3 mm instrument ports and a 5 mm optic port with a
30-degree oblique telescope placed around the outer edge of
the scapula. In cases of fistula closure with a clip, there were
one 3 mm and two 5 mm trocars [20]. The surgical treatment
involved distal (and in type D also proximal) TEF closure
and anastomosis between esophageal pouches. Esophageal
anastomosis was performed over a 6—8 Fr nasogastric (NG)
tube with single, sliding-knot absorbable 4-0 or 5-0 sutures.
In almost all cases, it was a one-staged thoracoscopic man-
agement. A few newborns with type C required a two-staged
EA/TEF repair because of intraoperative instability: TEF
closure in the first stage, and esophageal anastomosis in the
second stage.

At the beginning of the study period, TEF was commonly
clipped, but later we transitioned to transfixing or ligating it
with a suture. With growing experience and evolution of the
technique we stopped to use electrosurgery for tissue dissec-
tion, suction, and irrigation during the procedure. Initially,
all patients had a chest drain inserted, but nowadays, only
occasionally, e.g., uncertain anastomosis or suspicion of air
lung leakage. In all cases, the azygos vein was preserved
with the anastomosis above or under the vein depending on
distal fistula position. After the procedure patients routinely
stayed in the intensive care unit on ventilator for couple of
days.

The analyzed post-operative complications encompassed
anastomotic leakage, anastomotic strictures, chylothorax,
TEF recurrence, need for fundoplication or gastrostomy, as
well as early and late mortality. All patients underwent an
X-ray contrast study, usually on the 5th—6th post-operative
day. If there had been no anastomotic leakage, the oral feed-
ing would have been started, and if successful, the NG tube
would have been removed. Any leakage was treated con-
servatively, if necessary, with pleural drainage. Anastomo-
sis strictures were divided into these ones requiring single
or multiple dilatations. All cases of anastomotic strictures
were treated through endoscopic dilatations only in sympto-
matic cases. Early and late mortality was defined as mortal-
ity before and after discharge, respectively. Some patients
required a Nissen fundoplication procedure due to resist-
ant to conservative treatment symptoms of gastroesopha-
geal reflux during the long-term follow-up. There were also
patients who required gastrostomy placement due to oral
feeding difficulties.

Verification of the normality of quantitative variables was
performed using the Shapiro-Wilk test. Quantitative vari-
ables were reported as mean values + standard deviation or,
if not normally distributed, as median, inter-quartile ranges
and minimum and maximum values, while qualitative varia-
bles were reported as numbers and percentages. Quantitative
variables were compared using the Kruskal-Wallis test and
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the Dunn’s test, while categorical variables were compared
using the chi-square test or Fisher’s exact test. For contingent
tables, odds ratios and their 95% confidence intervals were
estimated. The operative time in relation to the time since
the first surgery was analyzed using the segmented regres-
sion model. Threshold value of birth weight to estimate a
probability of early mortality was determined using ROC
curve—Youden’s index, AUC (area under the curve) and
cut-off point were determined. The P-values < 0.05 were
considered statistically significant.

The study was conducted according to STROBE
guidelines.

This study was approved by the Ethics Committee of the
Medical University in Wroclaw with the Approval Code of
169/2022 and Approval Date 24.02.2022.

Results

The entire population of 145 consecutive patients, who were
operated on between 2005 and 2022, were included. The
study cohort comprises 143 cases with type EA/TEF and 2
cases with type D EA/TEF. The surgeries were performed

by the two operators experienced in newborn thoracoscopy.
There was no open repair for primary cases in the study
period (Table 1).

A significant positive correlation between birth weight
and gestational age was observed. An increase of 1 week
in gestational age was accompanied by average of 187 g
increase in birth weight. Associated malformations were
significantly more frequent in patients with birth weights
lower than 2000 g.

All repairs were performed using thoracoscopic tech-
nique. There were no conversions to an open surgery. In
almost all patients it was right-side thoracoscopic approach,
even in cases with right aortic arch. We identified 10/145
(6.9%) patients with right aortic arch. One patient with right
lung agenesia required left-side thoracoscopic repair. In all
patients the native esophagus was preserved without any
requirement for esophageal replacement. The azygos vein
was preserved in all cases. In the first 33 patients, electro-
surgery was used for tissue dissection, and in 1 patient due
to minimal local bleeding. In the others, there was no need
for any electrosurgery, suction, or irrigation, and only blunt
tissue dissection, seldom aid with scissors was performed to
mobilize the esophageal pouches. The intraoperative blood

Table 1 Characteristics of the study population (gender, gestational age, birth weight and accompanied anomalies)

Variables Birth weight (g) Result of the test
<1500 1500-2000 > 2000
Group A (N=12) Group B (N=23) Group C (control)
(N=110)

Gender =088
Female, N (%) 7 (58.3%) 10 (43.5%) 49 (44.1%) df=2
Male, N (%) 5 (41.7%) 13 (56.5%) 61 (55.4%) p=0.646"

Birth weight (g) F=108.7
M=+SD 122402 1.72+0.15 2.77+0.49 dfy=2
Me [Q1: Q3] 1.22 [1.05; 1.42] 172 [1.55; 1.85] 2.712.35:3.1] Zfi;.loﬁﬂ
Min-Max 0.9-1.46 1.5-1.95 2.0-3.9

Gestational age (completed weeks) F=171.17
M=+SD 31.9+1.6 33.5+2.3 377422 dfy=2
Me [Q1; Q3] 31 [31;33] 34 [32; 35] 38 [37;39] Zfi;.loﬁa
Min-Max 30-35 27-37 31-42

Isolated/associated EA/TEF =684
Isolated 6 (50.0%) 8 (34.8%) 70 (63.6%) df=2
Associated 6 (50.0%) 15 (65.2%) 40 (36.4%) p=0.033

Associated malformations
Major cardiac 3(25.0%) 6 (26.1%) 20 (18.2%) p=0.623°
Major renal 1(8.3%) 4 (17.4%) 7 (6.4%) p=0.218°

Trisomy 18 2 (16.7%) 1 (4.4%) 1 (0.9%) p=0.006°
Other genetic 1(8.3%) 4 (17.4%) 10 (9.1%) p=0.479¢

p-values < 0.05 were considered statistically significant

M mean, SD standard deviation, Me median, Q1 lower quartile, Q3 upper quartile

Test: *ANOVA, °Chi squared, “Fisher’s exact
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loss was hardly any, so there was no case that required blood
transfusion due to surgery.

The majority of cases were treated in one stage. Five
patients required a two-staged procedure due to respira-
tory instability: the TEF closure at the first stage, and the
esophageal anastomosis during the second stage several
days later (from 4 to 39 days, median 7 days). Gastrostomy
tube placement was performed in three patients later due to
feeding problems and in one patient with low birth weight
and concomitant duodenal atresia during the initial surgery
that involved only TEF ligation (esophageal anastomosis
was scheduled later) and duodenal anastomosis for early
initiation of enteral feeding. Multi-staged treatment was
significantly more often necessary in newborns with birth
weights <2000 g. A full anastomosis was accomplished in

all cases except for one patient with Edwards syndrome due
to early mortality. The patient with a birth weight of 900 g
had an earlier iatrogenic perforation of the upper pouch that
was closed along with TEF ligation using the thoracoscopic
approach. Subsequently, the patient died of circulatory-
respiratory failure on the fourth day after surgery (Table 2).

The study revealed a statistically significant associa-
tion between birth weight and early mortality, as well as
between birth weight and the need for fundoplication and
gastrostomy.

We had three cases at the initial series that required
temporary tracheostomy placement due to severe
tracheomalacia.

There were two major complications during the sur-
gery. In one case during the distal fistula dissection, the left

Table 2 Tllustrated day of life

Variables Birth weight (g) Results of the test
at first surgery, number of
surgical stages, postoperative Group A Group B Group C
complications, operative times <1500 1500-2000 >2000
(operative time involved only N=12 N=23 N=110
thoracoscopic esophageal
anastomosis, without the time N (%) N (%) N (%)
needed for preparation and . Day of life at first surgery H=0.56
bronchoscopy or first stage with
fistula ligation) and operative M=+SD 3.0+15 2.5+1.3 2.8+1.8 2‘; i?44
team details Me [Q1; Q3] 3[2;3] 212; 3] 212;3] pi6.430*‘
Min—-Max 1—11 1—6 1—9
Number of surgery stages =182
1 11 (91.7%) 19 (82.6%) 110 (100.0%)  df=2
2 1 (8.3%) 4.(17.4%) 0 (0.0%) p<0.001°
Postoperative complications
Early mortality 3 (25.0%) 2 (8.7%) 2 (1.8%) p=0.001°
Late mortality 0(0.0%) 2 (8.7%) 3(12.7%) p=0.286°
Anastomosis leakage 2 (18.2%) 1 (4.4%) 7 (6.4%) p=0.294¢
N=9" N=21" N=108"
One-time esophageal stricture 1 (11.1%) 1(4.8%) 8 (7.4%) p=0.684°
Recurrent esophageal strictures 2 (22.2%) 8 (38.1%) 25 (23.1%) p=0.359¢
Chylothorax 1(11.1%) 2(9.5%) 2 (1.9%) p=0.087¢
TEF recurrence 0(0.0%) 0(0.0%) 1(0.9%) p=1.000°
Fundoplication 0(0.0%) 4 (19.0%) 2 (1.9%) p=0.009°
Gastrostomy 1 (11.1%) 3(14.3%) 0 (0.0%) p=0.003°
Tracheostomy 1 (11.1%) 1(4.8%) 1 (0.9%) p=0.066°
Operative time (min.) N=11" N=22" N=95" H=1.15
M=+SD 90428 99+ 44 96430 dfy=2
Me [Q1; 03] 79 [70; 106] 81 [71; 120] 90 [76; 110] zfizlsiéa
Min-Max 56-150 52-245 46-245
Operative team N=12 N=23 N=110 =650
Operator A + Assist 11 (91.7%) 19 (82.6%) 71 (64.5%) df=4
Operator B + Assist 0(0.0%) 1 (4.4%) 17 (15.5%) p=0’165b
Operator A and Operator B 1(8.3%) 3 (13.0%) 22 (20.0%)

p-values < 0.05 were considered statistically significant

*Overall number of complications was analyzed in the population after excluding cases of early deaths
Test: *Kruskal-Wallis, °Chi squared, “Fisher’s exact
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bronchus was opened. It was immediately noticed and closed
with interrupted sutures. In another case during the proce-
dure, the aorta was incorrectly ligated instead of the fistula.
The suture was removed shortly when it was diagnosed with-
out adverse consequences.

Age at early death ranged from 0 to 28 days (7 cases,
median 4 days). Early mortality was mainly connected to
patient factors—associated malformations and perioperative
morbidity. There was one case of death caused by bilateral
pneumothorax after reintubation on the second postoperative
day. It was assumed that the fistula site closure was perfo-
rated by the intubation tube tip (Table 3).

A ROC curve, which was prepared to estimate the
probability of early mortality based on birth weight,
revealed a cut-off point of 1.7 kg (AUC =0.791, Youden’s
index =0.58).

The early mortality rate and anastomotic leakages signifi-
cantly decreased between the first and the second half of the
analyzed term (Table 4).

The percentage of other complications was similar
between groups. All cases of anastomotic leakage were

treated conservatively with adequate chest drainage. There
was no requirement for reoperation. All esophageal stric-
tures were treated with endoscopic dilatation. Endoscopic
dilatation was sufficient in all esophageal strictures.

During the follow-up, six patients developed gas-
troesophageal reflux with severe symptoms resistant to
conservative treatment, requiring fundoplication. The
indication for gastrostomy placement and anti-reflux sur-
gery, was statistically significant in newborns with birth
weights below 2000 g. Notably, only one patient with a
birth weight below 2000 g necessitated both fundoplica-
tion and gastrostomy placement due to feeding difficulties
during the follow-up period.

Operative time extended from 46 to 245 min with a
median of 89 min. There was no significant association
between operative time and the patient’s birth weight.
Operative time was associated with the number of per-
formed EA/TEF repairs over time. Operative time plum-
meted by about 55 min per year over the first 2 years, then
the rate of decline significantly flattened down and stabi-
lized at the median of 82 min (Fig. 1).

Table 3 Number of early mortality cases with causes in the three groups of patients with odds ratios (OR)

Birth weight (g) Early mortality

Result of the test Cause of early mortality

OR (95% CI) RR

1. Trisomy 18 (2007)
2. Trisomy 18, upper pouch perforation before
surgery (2009)

18.0 (2.65-122) 13.74

3. Multiorgan dysfunction (2020)

1. Major cardiac defect, systemic infection (2005)

5.15(0.69-38.6) 4.78

2. Trisomy 18 (2007)

Yes No
N=17 N=138
<1500 3(42.9%) 9 (6.5%) =135
df=2
p=0.001
1500-2000 2 (28.6%) 21 (15.2%)
>2000 2 (28.6%) 108 (78.3%)

1. Multiple defects, including major cardiac (2011)

1.00 (ref.) 1.00 (ref.)

2. Bilateral pneumothorax after reintubation (2013)

p-values < 0.05 were considered statistically significant

Table 4 Early mortality cases, number of anastomotic leakages, and number of esophageal strictures in relation to the number of patients oper-

ated on for EA/TEF during the two periods of time

Variables Period of time Fisher’s exact test OR (95% CI)
2005-2013 2014-2022
N=56 N=289

Number of early deaths 6 (10.7%) 1(1.1%) p=0.014 10.56 (1.236-90.232)

Number of anastomotic leakages 8 (14.3%) 2 (2.2%) p=0.008 7.25 (1.480-35.520)
N=50" N=88"

Overall number of esophageal strictures 12 (24.0%) 33 (37.5%) p=0.131 0.526 (0.241-1.148)

p-values < 0.05 were considered statistically significant

“Overall number of esophageal strictures was analyzed in the population after excluding cases of early deaths
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Kruskal-Wallis test:
H(2,127)=1.15,p =0.563
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Fig. 1 The association between birth weight and operative time and Kruskal-Wallis Test. Scatterplot of operative time (min) versus time since

the first surgery (years) and segmented regression model

Discussion

The first thoracoscopic EA with TEF repair was performed
by S. Rothenberg in 2000 and since then it has been gradu-
ally becoming more widely utilized [21]. However, an adop-
tion of the technique is still controversial in some groups
of patients [8, 10]. Among contraindications to the thora-
coscopic approach for EA/TEF, the literature pointed out
severe hemodynamic instability as an absolute contraindica-
tion, while relative contraindications comprised significant
cardiac defects, prematurity, low birth weight and LGEA
cases [8, 22]. Newborns with birth weights below 2000 g
constitute approximately a quarter of the entire EA/TEF
population. Birth weight is considered one of the primary
determinants in prognostic classifications, stratifying the
survival rate, therefore the optimal surgical management,
approach and timing for esophageal anastomosis remain
subjects of debate [3, 23].

Newborns with low birth weight are more commonly
observed to have associated major malformations, including
life-threating chromosomal and heart defects [24, 25]. These
anomalies can significantly impact a patient’s hemodynamic
stability, increase the likelihood of complications, and influ-
ence decisions on surgical and anesthetic strategy. Some
studies have proposed that the presence of major cardiac and
chromosomal anomalies may pose a greater risk of mortality
than just low birth weight [11, 26, 27]. In our study, major
cardiac defect was responsible for almost a third of early
mortality cases. Furthermore, low-birthweight, premature
newborns are susceptible to multi-organ morbidity, that may
deteriorate the survival rate. Newborns with EA may also
present with concomitant airway malformations, including
tracheomalacia or laryngeal cleft, which may contribute to

respiratory insufficiency requiring tracheostomy, especially
in low-birth-weight neonates.

In a recent multi-center study, early mortality rate was
found to exceed 10% and was correlated with lower birth
weight and concomitant anomalies [28]. Similarly, our
observations indicated a substantial association between
low birth weight and early mortality, which was not directly
related to the surgical repair. Supporting this, Zani et al.
revealed that mortality among extremely low birth weight
neonates stemmed from complications unrelated to the
surgical repair [12]. Furthermore, we noted a considerable
decrease in the early mortality rate over time. The overall
enhancements in both survival rates and successful esopha-
geal repairs may reflect advancements in perinatal care and
surgical proficiency [25, 29, 30]. Our data, along with exist-
ing literature suggests that birth weight above 1700 g and
gestational age above 33.5 weeks at the time of surgery may
be associated with a reduced risk of early death [31].

The advantages and disadvantages of MIS approach for
EA/TEF are the next aspects to discuss. All consecutive
patients in our study were treated solely by the thoraco-
scopic approach with no conversions to open surgery and
primary anastomosis was feasible in almost every patient.
Thoracoscopy, as a technique of minimal access, diminishes
injury to the chest wall, that is particularly advantageous
for the smallest neonates, and results in less thoracic mus-
culoskeletal deformities in the long-term follow-up [4, 10,
21, 32-39]. The precise visualization capability of thora-
coscopy enhances its utility in restricted, hard-to-access
operative spaces, therefore an esophageal mobilization and
an anastomosis high in the chest may be simpler compared
to open approach [10, 21, 32]. Due to magnified vision and
minimal tissue manipulation, the likelihood of postoperative
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complications such as tracheomalacia or injury to the tra-
cheal membranous wall and surrounding tissues may be
decreased [21]. Visualizing the thoracic inlet facilitates the
safe management of high or upper pouch fistulas in type D
EA/TEF, that may eliminate the necessity for a neck inci-
sion [40, 41].

Among indications for conversion the literature pointed
out the intraoperative adverse effects or instability [42].
Newborns weighing <2000 g more frequently demonstrated
respiratory instability. The preterm, unstable neonates in our
series were treated with two-staged thoracoscopic EA/TEF
repair, aimed to stabilize the patient’s condition by TEF clo-
sure during the first stage, followed by esophageal anasto-
mosis in the second stage [20]. It is worth to notice that the
majority of patients tolerated the thoracoscopic approach
very well. The literature reported that the strategy of staged
open repair, involving gastrostomy placement and delayed
anastomosis in extremely premature newborns was associ-
ated with a significantly reduced incidence of anastomotic
complications [12, 30, 43]. However, a disadvantage of
this management is the requirement for two thoracotomies,
resulting in increased chest-wall injury and elevated adhe-
sions formation, subsequently impeding the visualization of
thoracic anatomy [36-38]. In contrast, thoracoscopic staged
repair may allow to mitigate these disadvantages of open
approach, and can be performed within shorter time inter-
vals, thereby obviating the need for gastrostomy placement
[20]. In this regard thoracoscopy may improve the man-
agement of type C EA/TEF in low birth weight, unstable
newborns as it is supported by our data. In our department,
thoracoscopy was performed even in the extremely low birth
weight newborns and in all types of EA, including LGEA,
with positive results [20].

Among the disadvantages of thoracoscopy the literature
highlighted its technical complexity [10, 21]. It seems to be
particularly attributed to the proficiency required in MIS
suturing [21]. The complexity may be enhanced in newborns
weighing less than 2 kg due to limited space, fragile tis-
sues [44] and the potential anatomical variances in patients
with associated malformations. The literature reported that
the inability to complete an open primary esophageal anas-
tomosis in newborns weighing less than 1500 g might be
attributed to more subtle tissues [44]. It also pointed out
that just the considerable tissue immaturity and vulnerability
posed complexities of the anastomosis [30, 45]. However, in
our series the complete anastomosis was feasible in almost
all patients, primarily or just within a few days during the
second stage, and the anastomotic complications were not
correlated with birth weight.

Despite almost 25 years passing since the first thoraco-
scopic EA with TEF repair, the literature reported the con-
version rate of up to 50% as shown by Etchill et al., in their
analysis utilizing American NSQIP data [46]. Notably, data
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sourced from over 140 hospitals indicated a mean caseload
of less than one case per hospital. These findings are con-
sistent with statistics provided by the American Board of
Surgery, indicating the median annual caseload of one EA/
TEF case per surgeon in the United States, regardless of the
surgical technique used [47]. In the meta-analysis of Drevin
et al., including 1047 EA patients, thoracoscopy was applied
in 33% with conversion rate of 10% [48]. At our center, the
average case-volume has progressively increased from 8.5
cases per year to 14.5 cases per year over the last five years,
specifically for the primary type C cases, which were ana-
lyzed. Our results indicate a potential to completely avoid
the need for conversion, which differs from the findings in
the existing literature. So far, we have not had a conver-
sion, which we refer to our experience with the technique
resulting from the number of operated cases and reducing
the operating team to two surgeons proficient in newborn
thoracoscopy, of whom at least one is always present during
the procedure. Additionally, we have successfully performed
numerous staged thoracoscopic repairs for LGEA patients
not included in this study [49]. Our center has also managed
a considerable number of secondary complicated cases from
other centers, often presenting with complexities and associ-
ated malformations. A crucial aspect to note is the extensive
experience of the Operator A (DP), who has performed in
summary over 400 thoracoscopic EA repairs across various
healthcare institutions in Poland and globally, that under-
scores the department’s proficiency in performing these sur-
gical interventions. According to the literature, complication
rate might have been lowered by reducing the number of
operators in difficult cases, which reflects the crucial role of
surgical expertise and the strategic decision-making [50].
Furthermore, our study reported a similar rate of post-
operative complications across the birth-weight subgroups,
except for the requirement for anti-reflux surgery and gas-
trostomy placement. Feeding difficulties and dysphagia in
the long-term follow-up mainly affected children with a
history of prematurity, low birth weight and comorbidities.
However, our results demonstrated significantly lower fre-
quency of gastrostomy and anti-reflux operations compared
to those presented in the literature [51]. In our material, only
three patients were diagnosed with severe tracheomalacia
requiring tracheostomy within the initial series. Interest-
ingly, despite the cohort’s size, aortopexy was performed
in one patient. These results we can refer not only to the
experience, but to the technique of precise blunt dissection,
without any electrocoagulation. In our opinion, this method
serves to prevent harm to surrounding tissues, thereby mini-
mizing the subsequent fibrosis. Preserving the smallest ves-
sels and innervation is hypothesized to potentially influence
later esophageal motility, however this is only our assump-
tion, which requires further observations and research [20].
Son et al. also outlined that most post-operative outcomes
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following thoracoscopic EA repair, displayed no difference
among study cohorts, except for a considerably higher preva-
lence of gastroesophageal refluxes requiring fundoplication
in the population of birth weight below 2000 g [19]. While
an association between birth weight and anastomotic com-
plications in our study was not observed within the entire
population, anastomotic leakage was significantly more fre-
quent during the first half of the study period that may be
connected to the growing experience.

According to the literature, the early post-operative
complications and operative time may reflect the effect
of increasing experience of the surgeon [15-19, 52]. In
this study the experience was therefore considered as cor-
responding to the number of performed EA/TEF repairs,
patient outcomes and operative time. However, not only EA/
TEEF repairs, but also other thoracoscopic interventions have
continually building the surgeon’s expertise. Operative time
has been considered in the literature as a disadvantage of
MIS for EA/TEF repair [32]. In our study, operative times
were longer for the first procedures in the entire series and
progressively decreased, notably within the first two years,
possibly reflecting a learning curve pattern [52]. The opera-
tive procedures were carried out with a median operative
time of 89 min, frequently achieving durations below or
around 60 min, with no observed correlation with the patient
birth weights. In contrast, the operative times for thoraco-
scopic procedures were notably longer in studies by Etchill
(217 min) and Drevin (149-244 min), that might be asso-
ciated with learning curve, the caseload per surgeon and,
consequently affect the conversion rate [46, 48]. Therefore,
efforts should be made to diminish the impact of the learning
curve [16, 17, 19, 53].

Arguably, management of the full spectrum of EA
patients with MIS, including the smallest newborns, LGEA,
and complex cases, may require a centralization in surgical
departments for better outcomes [54]. Similarly, the recent
studies reported positive results with thoracoscopic approach
for EA/TEEF, regardless of birth weight and in the majority
of EA types, including LGEA [3, 14, 20, 21, 50, 52]. Moreo-
ver, the literature found no confirmation that thoracoscopic
approach compromised outcomes in patients with congenital
heart disease [14, 55]. Twenty percent of patients in our
series presented major cardiac malformations, and thoracos-
copy was proceeded without complications in all of them.

Although we have conducted the research on surgical
aspects of the management of EA with TEF and low birth
weight, the comprehensive evaluation should also include
anesthetic treatment. Hypercapnia, acidosis and cerebral
oxygenation among patients undergoing thoracoscopic pro-
cedures have been areas of concern, however existing litera-
ture has not proved negative fluctuations in these parameters
during the operation [10, 56, 57]. Other authors highlighted
the complexities of general anesthesia in EA/TEF newborns

with major cardiac anomalies and low birth weights [20, 58,
59]. Nevertheless, the recent study found no significant vari-
ances in intraoperative parameters or severe events occur-
rence between patients with normal and low birth weights
[19]. The strong side of this study is a large, homogenous
population of consecutive patients treated only by thoraco-
scopic approach and by one of the two experienced surgeons.
Reliable and complete evaluation of safety and feasibility
of thoracoscopy may be advantageous with regard to the
development of new MIS technologies to fully exploit their
potential in the most complex cases.

Thoracoscopy can be a safe technique in experienced sur-
geons’ hands, even in the smallest newborns and patients
with congenital heart disease. Based on our experience birth
weight seems to be not a direct contraindication to the thora-
coscopic approach [10, 14, 19].
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Thoracoscopic Stage Internal Traction Repair Reduces Time to Achieve Esophageal Continuity in Long Gap Esophageal

Abstract
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Atresia Borselle et al.

Objective Management of long gap esophageal atresia (LGOA) is controversial. This
study aims at comparing the management of LGOA between two high-volume centers.
Methods We included patients with LGOA (type A and B) between 2008 and 2022.
Demographics, surgical methods, and outcomes were collected and compared.
Results The study population involved 28 patients in center A and 24 patients in center B.
A surgical approach was thoracoscopic in center A, only for one patient was open for final
procedure. In center B, 3 patients were treated only thoracoscopically, 2 converted to open,
and 19 as open surgery. In center A primary esophageal anastomosis concerned 1 case, two-
staged esophageal lengthening using external traction 1 patient, and 26 were treated with
the multistaged internal traction technique. In 24 patients a full anastomosis was achieved:
in 23 patients only the internal traction technique was used, while 1 patient required open
Collis-Nissen procedure as final management. In center B primary anastomosis was
performed in 7 patients, delayed esophageal anastomosis in 8 patients, esophageal
lengthening using external traction in 1 case, and 9 infants required esophageal replace-
ment with gastric tube. Analyzed postoperative complications included: early mortality,
2/28 due to accompanied malformations (center A) and 0/24 (center B); anastomotic
leakage, 4/26 (center A) treated conservatively—all patients had a contrast study—and 0/24
(center B), 1 case of pleural effusion, but no routine contrast study; recurrent strictures,
13/26 (center A) and 7/15 (center B); and need for fundoplication, 5/26 (center A) and 2/15
(centerB). Age at esophageal continuity was as a median of 31 daysin center Aand 110 days
in center B. Median time between initial procedure and esophageal anastomosis was
11 days in center A and 92 days in center B.

Conclusion Thoracoscopic internal traction technique reduces time to achieve
esophageal continuity and the need for esophageal substitution while maintaining a

anastomosis

Introduction

Long gap esophageal atresia (LGOA) represents approximately
less than 10% of all OA cases and is a complex malformation,
often associated with other defects.! The management of LGOA
remains controversial and challenging. It is further challenged
by diversity in case definition, limited numbers of cases, a
variety of surgical techniques used, as well as insufficient
guidelines for best practice.'® Determination of the optimal
management therefore requires collaboration and cooperation
between experienced centers. In 2019, the European Reference
Network for Rare Inherited Congenital Anomalies (ERNICA)
conducted the first consensus study on the treatment and
follow-up of LGOA patients.> Complete agreement was
achieved on the statements of preferential preservation of
the native esophagus with delayed primary anastomosis
(DPA), as well as centralization of treatment of LGOA in expert
centers.> Consensus also was reached to determine thoraco-
scopic esophageal mobilization and lengthening using traction
sutures as a promising method in experienced departments.'*>

There are many definitions of LGOA, including: type of OA
(i.e., type A-+B), the length of the gap between upper and
lower pouches (measured in vertebral bodies or as an absolute
measurement), or the surgeon’s inability to perform an anas-
tomosis.' "8 Koivusalo et al included type C anomalies with
tracheoesophageal fistula (TEF) located at the carina or below

similar early complication rate.

as LGOA.? The International Network of Esophageal Atresia
working group, as well as ERNICA consensus indicated LGOA as
any esophageal atresia without air in the abdomen.>>

The aim of the study is to compare management and
outcomes of LGOA patients between two high-volume refer-
ral centers with expertise in esophageal atresia and newborn
surgery. Both departments differed considerably in surgical
approach, repair techniques, and definition of LGOA.™-10

Materials and Methods

Patients at center A underwent LGOA repair at the Depart-
ment of Pediatric Surgery and Urology of University Clinical
Hospital in Wroclaw in Poland. Those at center B were
operated on at the Department of Specialist Neonatal and
Pediatric Surgery of Great Ormond Street Hospital for Chil-
dren in London in the United Kingdom. Patients treated over
a 15-year period between January 2008 and December 2022
were included. This study received local ethical approval
in both sites (Ethical Committee of Medical University in
Wroclaw: 169/2022, 24.02.2022; and Audit 2919 at Great
Ormond Street Hospital).

Centers differed in their standard definition of LGOA: in
center A all type A and B were defined as LGOA. Comparatively,
in center B a gap length precluding primary anastomosis
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defined LGOA cases. In the study we defined LGOA using the
subjective measure of anomaly type, and therefore all cases of
type A and type B were included in the subsequent analysis.

The clinical data of included patients were retrospectively
collected from medical records. Time between initial proce-
dure and the esophageal anastomosis, age at esophageal
continuity, as well as time between consecutive stages among
multistage repairs were obtained and analyzed. The surgical
details included initial management and approach, definitive
surgery, conversion rate, and other interventions connected to
esophageal repair such as number of endoscopic dilatations
and recurrent strictures. Postoperative complications were
analyzed and included: early mortality, anastomotic leakage,
recurrent esophageal strictures, and need for antireflux sur-
gery. Recurrentesophageal strictures were considered as more
than symptomatic esophageal obstruction, requiring more
than one endoscopic dilatation. Neither center performed
elective dilatations in patients without symptoms. Early mor-
tality was defined as mortality before discharge. The causes of
early death were determined to be related to surgery or to
result from patient factors. Patients have been followed up
routinely in the outpatient setting with additional studies (e.g.,
contrast imaging), if clinically indicated.

In both centers, the surgical treatment started with a
preoperative bronchoscopy to identify a potential proximal
TEF and possible any malformations of trachea and larynx
including vocal cord palsy, tracheomalacia, and laryngeal
cleft. Standard practice at center A is to utilize a thoraco-
scopic approach as a procedure of choice. For cases of LGOA, a
thoracoscopic multistage esophageal lengthening procedure
is preferred using internal traction sutures.* ' It is feasible to
carry the procedure out within a few days after birth, even
avoiding a gastrostomy placement in certain cases where the
stages of the procedure can be performed over a short period
of time.*'% The internal traction suture technique was based
on two sliding knots which allowed to approximate the
esophageal ends with constant traction force, dispersed
among clips placed across the esophageal tips.*'? During
the next stage procedure, the sliding knots were reconfig-
ured to get the pouches closer or if both the pouches over-
lapped each other, an anastomosis would have been
started.*'% The anastomosis was always performed over a
nasogastric (NG) tube, which was left until a postoperative
contrast study, usually on the 5th to 6th day after surgery.
A chest cavity drain was placed in some cases, especially with
difficult anastomosis under high tension. Patients between
stages stayed intubated at the intensive care unit, on total
parenteral nutrition and intermittent, oral suction as needed
was applied.

In center B only 3/24 patients were treated from birth, while
the remainder of the cohort studied were referred from other
centers in the region after diagnosis as LGOA. Ultimate surgical
management involved different techniques: primary esoph-
ageal anastomosis, DPA, esophageal lengthening using exter-
nal traction technique, or esophageal replacement with gastric
tube. Use of thoracotomy or thoracoscopy was defined by
surgeon preference. The strategy involved esophageal mobili-
zation, an initial gap assessment, followed by the decision to

perform primary anastomosis if possible. If not, a gastrostomy
was placed, and the definitive management was postponed
until approximately 3 months of age to reevaluate the feasibil-
ity of the DPA or to proceed to esophageal replacement, mainly
with a gastric tube. Gap assessment between subsequent
stages was performed with fluoroscopy to check the change
of distance and to estimate a proper time for the next proce-
dure. While awaiting esophageal continuity to be achieved,
patients remained inpatient at the hospital.

Postoperative contrast study was performed in all
patients from center A to confirm proper esophageal passage
and exclude any anastomotic leakage, then oral feeding was
started, and the NG tube was removed if swallowing was
undisturbed. At center B, there was no routine contrast
study; however, a chest drain was used to identify and
monitor any anastomotic leakage.

Verification of the normality of quantitative variables was
performed with the Shapiro-Wilk’s test. Qualitative varia-
bles were reported as mean values + standard deviation or, if
not normally distributed, as median and interquartile range,
while categorical variables were reported as numbers (n) and
percentages (%). Quantitative variables were compared using
unpaired t-test or Mann-Whitney U test (for nonparametric
variables), while categorical variables were compared using
chi-square test or Fisher’s exact test. A p-value of less than
0.05 was considered statistically significant.

Results

Characteristics of Study Population and Surgical
Treatment

In the period of study, 28 patients with type A and B
anomalies were treated at center A, compared with 24 at
center B. Patient characteristics are summarized in = Table 1.
Of note, 25/28 (89%) patients received their care in center A
from birth compared with only 3/24 (13%) patients under-
went the first procedure in center B. At center A, all patients
were treated by a single surgeon, while at center B, six
consultants were involved in the care of LGOA patients.
Twelve patients from center A and 10 patients from center
B were treated without gastrostomy.

Time to Restore Esophageal Continuity and between
Consecutive Stages

Out of 28 patients with LGOA in center A, 1 primary anasto-
mosis was performed, 1 patient was repaired using thoraco-
scopic Foker technique with external traction, and 26
patients were treated with the internal traction technique
described in the “Methods” section. There was no conversion
to open surgery at initial management. In 26 patients a full
anastomosis was performed: in 25 patients only by thoraco-
scopic approach and 1 patient required esophageal replace-
ment due to upper pouch perforation by the traction suture.
The patient had a cervical esophagostomy, thoracoscopic
distal pouch lengthening, and finally an open Collis—Nissen
procedure. Three patients died, all due to associated malfor-
mations (2 cases of early death, before anastomosis, and 1
case of late mortality, who had a completed anastomosis and
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Table 1 Characteristics of study population and operative treatment
Variables Center A Center B p-Value
(N=28) (N=24)
Gender
Female, n (%) 13 (46.4 12 (50.0) 1.000
Male, n (%) 15 (53.6 12 (50.0)
Gestational age (completed weeks)
Mean +SD 35.6+2.5 35.2+3.5 0.634
Median [Q1; Q3] 36 [35; 37] 36 [34; 37.25]
Min—Max 29-39 26-40
Birth weight (g)
Median [Q1; Q3] 2,500 [2,190; 2,605] 24,00 [2,035; 2,578] 0.812
Min-Max 750-3,200 940-4,475
Type of OA (gross classification)
A 12 (42.9) 18 (75.0) 0.026
B 16 (57.1) 6 (25.0)
First approach
Thoracoscopic, n (%) 28 (100) 5 (20.8) < 0.001
Open, n (%) 0 (0.0) 19 (79.2)
Conversion rate, n (%) 0/28 (0.0) 2/5 (40.0)
Initial management 0.019
First surgery at the treatment center 25/28 (89.3) 3/24 (12.5)
Primary esophageal anastomosis, n (%) 1(3.5) 7 (29.2) 0.010
Esophageal lengthening, n (%) 27 (96.5) 1(4.2)
Internal traction, n (%) 26 (93.0) 0 (0.0)
External traction, n (%) 1(3.5) 1(4.2)
Gap assessment alone, n (%) 0(0.0) 10 (41.7)
Gap assessment + esophagostomy, n (%) 0(0.0) 6 (25.0)
Gastrostomy, n (%) 16 (57.1) 14 (58.3) 0.930
Definitive management
Delayed esophageal anastomosis, n (%) 24 (85.7) 8 (33.3) < 0.001
Esophageal replacement, gastric tube, n (%) 1 (3.5) (Collis=Nissen 9 (37.5) 0.002
procedure at the final stage)

Abbreviations: OA, esophageal atresia; SD, standard deviation. Bold values signify p-value < 0.05.

functioning esophagus). The average time interval between
first and second procedure of thoracoscopic staged OA repair
using internal traction technique for the first 9 patients was
28.7 days (median 29) and it significantly was decreased for
the last 14 patients to mean value of 3.4 (median 3). Twelve
patients were operated on without gastrostomy.

Concerning the 24 patients at center B, primary esoph-
ageal anastomosis was performed in 7 patients, and 8
patients were treated as delayed esophageal anastomosis
(in 1 of them using external traction technique). Nine
patients required esophageal replacement, the majority
with a gastric tube. In all cases, an esophageal continuity
was accomplished. The initial approach was via thoracotomy
in 19 patients and thoracoscopy in 5 patients with a conver-
sion to open access in 2/3.

While the number of surgical stages was higher, the
number of days needed to achieve esophageal continuity
was significantly shorter in center A (~Table 2 and ~Fig. 1).

Complications

Postoperative complications from both centers are depicted
in =Table 3. There was no statistical difference between
centers for early mortality, anastomotic leakage, recurrent
stricture, or eventual need for antireflux surgery.

Discussion

The main goal of this study was to compare management and
outcomes of surgical LGOA repair between two high-volume
tertiary centers from different European countries who have
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Table 2 Number of stages of surgical repair, age at esophageal continuity, and intervals between initial and definitive

management
Variables Center A Center B p-Value
(N=28) (N=24)
Completed anastomosis in total, | Completed anastomosis only
N =26 (2 patients died before with internal traction, N=23
anastomosis)
Number of stages/ —
surgical procedures to
achieve continuity
Mean £SD 29+1.7 2.7+1.1 2.24+1.2
Median [Q1; Q3] 2[2; 3] 2[2; 3] 2[1; 3]
Min-Max 1-9° 2-6 1-6
Age at esophageal 31[9.75; 72.25] 30 [9; 72] 110 [58-317] | 0.005
continuity (d),
median [Q1; Q3]
Days between initial 11 [3.75; 53.75] 11 [4; 46] 92 [2-324] 0.043
procedure and anastomosis,
median [Q1; Q3]

Abbreviation: SD, standard deviation.

?One patient with complicated postoperative course—upper pouch perforation after second thoracoscopy, emergency esophagostomy, left-side
thoracoscopy—mobilization and elongation of lower pouch, final Collis—Nissen open repair.

Thoracoscopic internal traction - time between the first and the last procedure
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Fig. 1 [lllustrated the interval between the first and the last procedure—esophageal anastomosis.

adopted a different approach to managing this condition.
The main findings refer to differences related to the numbers
of surgical procedures, the number of esophagi which were
able to be preserved, and time to reach final anastomosis/
substitution. As there are widely varied definitions of LGOA
worldwide, including among our two centers, we included
only type A and B anomalies to assure appropriate compar-
isons could be made.

Current consensus is that preservation of the native
esophagus is preferred when possible, because no substitute
can effectively replace its function.">'""13 In LGOA, esoph-

ageal anastomosis can be particularly challenging and DPA
has been the preference in center B. This management might
be feasible and effective even in cases with the distance more
than 3.5cm.’~31214-17 However, this approach clearly has
disadvantages while waiting for the esophageal spontaneous
growth such as need for gastrostomy placement, prolonged
hospital stays (with associated impact on the wider family
unit), and the constant threat of aspiration pneumonia
requiring regular upper pouch suction."” Moreover, DPA
has been associated with high occurrence of gastroesopha-
geal reflux (GER),'>'* although the need for fundoplication
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Table 3 Postoperative complications
Variables Center A Center B p-Value OR
(N=28) (N=24)
Early mortality 2/28 (7.1%) 0/24 (0.0%) 0.496 4.30 (0.20-93.9)

Anastomotic leakage 4/26 (15.4%), treated conservatively 0/24 (0.0%), 1 case of 0.120 8.32(0.43-163)
with chest drainage, all patients pleural effusion, no
had a contrast study routine contrast study
Recurrent strictures 13/25 (52.0%) 7115 (46.7%) 0.120 1.11 (0.36-3.41)
Need for fundoplication 5/26 (19.2%) 2/15 (13.33%) 0.697 1.44 (0.31-6.54)

Abbreviation: OR, odds ratio.

Note: In center AN =25 and in center B N=15 for recurrent strictures after esophago-esophageal anastomosis, cases of esophageal replacement
were excluded due to different mechanism and anatomy of stricture formation.

was in fact lower in the patients who retained their native
esophagus at center B than in center A.

Esophageal substitution has been advocated in case of
failure of DPA or in cases of a very wide gap, when anasto-
mosis is not attainable.'® In center B, a gastric interposition
was performed in 37.5% patients, while only 1 patient from
center A required a Collis-Nissen as the final management
due to complications of the primary repair. Esophageal
replacement with gastric tube revealed similar perioperative
risk, but more long-term complications than DPA and 90% of
the whole population regardless of type of surgical repair
had GER.®

Esophageal elongation techniques have been developed in
the last two decades and harness the growth potential of a
newborn esophagus to shorten the time to esophageal conti-
nuity. Foker at al established a growth-induction technique
based on placement of external traction sutures on esophageal
tips, which were approximated toward each other with a
tension being increased by retightening of suture knots.'
This technique was performed as open surgery; however, a
thoracoscopic LGOA repair using external traction sutures was
first performed by van der Zee et al in 2007.2%2 It is out of this
article’s scope whether it is growth or distension induced by
the traction of esophageal pouches.

Based on Foker’s initial concept and using an minimally
invasive surgery (MIS) approach, Patkowski has developed a
thoracoscopic multistaged LGOA repair using internal trac-
tion sutures.*'® Initially, the time between consecutive
stages was intentionally 3 to 5 weeks and most cases were
repaired in two stages.'®??> However, patients treated with
shorter intervals did not affect the chance to achieve a
successful two-staged anastomosis.?? Based on these find-
ings and the similar experience of van der Zee et al,?' a
reduced time between consecutive stages to a few days has
allowed to perform the anastomosis within the 2 weeks life
and avoid the gastrostomy placement in most recent
cases.'0:%2 Assessing the most recent 9 patients, the thoraco-
scopic internal traction technique requires a median of
5 days to achieve esophageal continuity (range 1-11 days).
This compares to a median time from initial procedure to
anastomosis of 92 days at center B, which was of course
statistically significant and bears considerable psychological

impact on the parents and siblings of and affected child as
well as associated inpatient health care costs. Similarly, a
large multicenter study of management and outcomes of
isolated LGOA treatment using DPA revealed a high rate of
successful reconstructions, but prolonged length of hospital
stay (median 125 days) with a median age at repair of
87 days.?> A long initial hospital stay, as well as significant
associated anomalies, and persistent digestive or respiratory
symptoms may negatively influence on health-related qual-
ity of life.?4"2% Other studies have also remarked that a
prolonged hospital stay may be related to suboptimal long-
term morbidity and neurodevelopment outcomes.?’-?8

Postoperative complications such as gastroesophageal
reflux disease with need for antireflux surgery and anasto-
motic strictures were similar among analyzed centers.
Although not statistically significant, there were observed
differences in the rate of anastomotic leakage (15% for
center A and 0% for center B), which may result from the
utilization of routine postoperative contrast study; impor-
tantly, there were no leaks that required surgical manage-
ment. One patient from center B had a pleural effusion and
was also treated conservatively. In both departments there
were no mortality related to surgery, and the fact that the
majority of patients at center B were referred from other
centers for ongoing operative management may prejudice
the cohort to remove patients who had unsurvivable asso-
ciated anomalies (vs. 3 patients in center A).

Centers differed significantly in their use of MIS. In our
study the approach was thoracoscopic in all cases from
center A compared with 5 newborns from center B, with a
conversion rate of 40%. Thoracoscopy, which allows repeated
procedures in the chest with minimal harm, may contribute
to quicker recovery, diminished pain, and has been shown to
reduce late thoracic musculoskeletal morbidity.*®10-29-32
MIS also has the value of allowing precise assessment of
mediastinal anatomy, the quality of the tissue of the esoph-
ageal pouches, and even perfusion using advanced technolo-
gies with minimal risks for patient.*33 Moreover, MIS
techniques allow to perform the consecutive stages of OA
repair every few days with less systemic inflammatory
response and fewer adhesions, characteristic for the open
approach.®'%2! Reports from centers across the United
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Kingdom of esophageal lengthening with traction have
described a high rate of complications (including esophageal
pouch leak or disruption) and an associated prolonged
hospital stay; however, it should be noted that these
reported outcomes are based on assessment of cases from
many departments with comparatively few cases at each;
reinforcing the ERNICA consensus that these complicated
cases should be concentrated into high-volume centers.>*3°

The study is limited by the retrospective nature of the
comparison, and several aspects of the data presented
were not assessed by comparable means (i.e., postoperative
anastomotic leak). Moreover, while all LGOA cases from
center A were repaired by one single surgeon, in center B
24 patients were treated by six surgeons with the obvious
associated variability of practice. We would suggest that
performing a larger number of cases by a limited number
of surgeons may help when introducing and refining a new
technique.* Finally, it is difficult to make definitive con-
clusions regarding long-term outcomes since follow-up peri-
ods varied from 6 months to 14 years and there has not been
an evaluation of the functional outcomes of quality of life of
these children. Despite these limitations, this is the compar-
ison of two successful strategies of LGOA management,
emphasizing the positive outcomes of esophageal continuity
with minimal morbidity that can be achieved in high-volume
centers. Although the preservation of the native esophagus is
preferable, some cases may require substitution. In
the future, esophageal tissue engineering may overcome
the need for substitution and therefore offers a real advan-
tage for the treatment of LGOA patients.>®37

Conclusion

The surgical management of LGOA patients remains contro-
versial and all currently accepted options are technically
challenging. Despite differences between the two centers in
this study, the postoperative complications were similarly
infrequent. When performed in specialist centers, thoraco-
scopic multistaged LGOA repair using internal traction tech-
nique can be shown to reduce time to achieve esophageal
continuity, resulting in reduced hospital stay and the need
for esophageal substitution, while maintaining a similar
early complication rate. There is also a potential lower
long-term morbidity resulting from consecutive use of mini-
mally invasive technique, but it requires further follow-up
and studies. Due to the low number of cases with LGOA we
feel these results reinforce the need to push for centralization
of care, as well as cooperation between institutions to
improve the outlook for children born with LGOA.38
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