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During the past decade, thoracic surgery has been advancing at enormous
strides. Vishnevsky’svagosympathetic blockade, intratracheal anaesthesia, the
extensive use of transfusions and antibiotics have greatly reduced the hazards
of opening the chest. In oesophageal surgery intrathoracic techniques are
common and transpleural methods are employed in an increasing number for
oesophageal repair approaching best the aims to be attained. Oesophagoplasty
performed in this way is physiologically and cosmetically adequate and the
functional results are by far superior to those obtained by antethoracic repair.
However, the present techniques of intrathoracic surgery still leave much to
be desired and research must continue to develop efficient and reliable tech-
niques.

Experimental

Dogs weighing 12 to 18 kg were used. Under ether anaesthesia an oblong full-thickness
piece of abdominal skin was cut to make a skin tube 80 to 100 mm long and 15 to 20 mm
in diameter. With the epithelium inward, the graft was united by knotted sutures to form
a tube and was transplanted into the lower portion of the omentum maius of dogs, covering
it completely with omentum, fixing it by few knotted sutures then placing it into the abdominal
cavity. Three to six weeks later the transplant was pulled out from the abdomen, opened up
at the two ends and the omentum was prepared up from the margins in a width of a few mm,
to facilitate anastomosis (Fig. 1). The omentum maius was pedicled to facilitate pulling up
into the thorax, taking care for the pedicle’s adequate blood supply. Under intratracheal
anaesthesia thoracotomy was performed in the left 7th intercostal space. The mediastinum,
vagus nerve and phrenic nerve were infiltrated with procaine and below the aortic arch a piece
of oesophagus, 4 to 6 cm long, was resected. The diaphragm was cut near the oesophageal
hiatus, the skin tube prepared for anastomosis hanging on the pedicled omentum was pulled
up into the anterior thorax to the stomach and was anastomosed in place of the resected part
of the oesophagus (Fig. 2). Anastomosis was performed in three layers, separating the oeso-
phageal muscle layer from the layer of mucosa. In the first layer the mucosa was united with
skin, by interrupted sutures. As the second layer, the first line of sutures was so covered by
the detached muscle layer, that the muscle was sutured to the subcutis. In the third layer the
detached part of the omentum was sutured circularly onto the oesophagus (Fig. 3). The
diaphragm wound was narrowed and the omental pedicle was fixed to its margins with a few
sutures. After administering penicillin and streptomycin into the thoracic cavity, the wounds
were closed by layers. The survivors were fed a liquid diet for one week, and a light, mixed
diet until death.
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Fig. 1. Skin tube in the lower portion of the great omentum, six weeks after transplantation.
The two ends are prepared, ready for anastomosis

Fig. 2. Skintube attached to omental pedicle, pulled into thorax, to repair resected oesophagus
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Fig. 3. Diagrammatic representation of oesophageal-skin tube anastomosis by three layers,
(a: skin to mucosa, b : skin to muscle, ¢ : omentum to oesophagus)

Results

Of the 14 skin tubes 2 had partially necrosed and could not be used for
anastomosis. In the other 12 cases oesophagoplasty was performed 3 to 6
weeks after grafting. At that time the skin tubes were moderately shrunk and
filled with a soft mass composed of sebum, epithelial sells and hairs. The surface
of the skin was covered by very fine hairs. Microscopically, the structure of the
epithelium was intact, the stratum corneum slightly loosened. Many capillar-
ies were present in the subcutaneous connective tissue. There were no consider-
able differences between the grafts transplanted after 3and 6 weeks, exceptthat
in the latter the subcutaneous connective tissue was more richly vascularized.

Of the 8 animals lost immediately after transplantation 4 died of pneu-
monia and/or empyema, 3 of suture insufficiency and 1 as a result of vascular
occlusion in the omental pedicle due to compression or thrombosis. The remain-
ing animals survived for 27 to 115 days and died of intercurrent disease or
inanition (Table I). In the dogs which had survived longer, necropsy revealed
an intact graft in 3 animals ; in 1 graft there was an ulcer about 2 cm in dia-
meter. The grafts united well with the oesophagus, but shrank and the distal
line of sutures was narrowed in every animal. The section of the oesophagus
above the graft was dilated (Fig. 4). The histologic pattern of the section above
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Table 1
Interval between .
omental trans-  Survival o
No. plantation and time, Cause of death, post-mortem findings
oesophagoplasty, days
days
l. 24 | Pneumonia, pleuritis, heart failure
2. 35 5 Empyema, insufficiency of suture
3. 35 5 The partially necrosed skin tube was unsuitable for use in
oesophagoplasty
4. 41 27 Pneumonia, marasmus, the lower anastomosis blocked by
a nut-sized ball of meat
5. 21 3 Empyema, suture insufficiency
6. 34 52 Pneumonia, inanition, lower anastomosis narrowed to
pencil-thickness
7. 35 2 Pneumonia, empyema, suture insufficiency
8. 38 1 Pneumonia, pleuritis, heart failure
9. 26 3 Empyema, suture insufficiency
10. 26 3 Partial necrosis of skin tube, as in case 3.
11. 43 115 Inanition, distal anastomosis extremely narrowed
12. 36 2 Empyema, necrosis of graft, thrombosis of the blood vessels
of the omental pedicle superior to the diaphragm
13. 30 98 Inanition, extremely severe stricture at the distal anastomo-
sis, in the skin graft an ulcer, about 2 cm in diameter,
bleeding and covered by fragile tissue
14. 32 1 Pneumonia, pleuritis, heart failure

the graft was normal. In the well-discernible upper portion of the graft a part
measuring about 5 mm ofthe oesophageal muscle pulled down during operation
was visible. Below that level the wall of the graft tube consisted of connective
tissue. The oesophageal muscle surrounded the graft at the gastric end. The
epithelium of the transplant was composed of 4 to 5 layers of flat epithelial
cells. In the subepithelial connective tissue there were leucocytic and mainly
lymphocytic infiltration, dilated capillaries and smaller arterioles.

Discussion

The afore-told experimental investigations have shown that the full
thickness abdominal skin tube graft takes when transplanted into the great
omentum and retains its histologic structure. Three to 6 weeks after trans-
plantation the tube grafted on an omental pedicle may be pulled up through
the diaphragm into the thorax and can replace a resected part of the oeso-
phagus. The anastomosis by three layers remained firm in 75 per cent of the
cases and this percentage may further be raised by improving the surgical
technique. Theomental pedicle pulled up into the thorax has a good blood supply.
Only one of the grafts connected with it was necrosed, presumably as a result
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of surgical error ; the diaphragmai wound had namely been sutured too tightly
around the pedicle, compressing its blood vessels. Except in one case, the grafts
remained intact, though shrunk. At the distal suture line a stricture developed
so that the animals could not eat and died of inanition or from intercurrent

Fig. 4. X-ray appearance of oesophagus 3 months after operation. Stricture at lower anasto-
mosis, dilatation of the proximal part of oesophagus

disease due to starvation. The stricture developed apparently because of the
absence of sufficient peristaltic pressure to carry the food further across that
area. Peristalsis pressed the food through the upper suture line, but below it
there was no peristaltic activity. With antethoracic repair it is also usual that
the patients help with their hands to forward the food in the skin tube, prevent-
ing thereby a congestion of food, and press it through the distal suture line.

In our experiments the mortality rate was very high immediately follow-
ing intrathoracic surgery, greater than in clinical practice. This is easy to
understand if we realize that itis difficult to institute shock-relieving measures,
blood transfusions, infusions and parenteral alimentation in animals and
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we had no possibility for employing such therapeutic interventions. Even
so, refined surgical technique and adequate experience may considerably
reduce the mortality rate. Our method may still prove superior in clinical prac-
tice to that involving the use of plastic tubes (Bermann, Réth) or to those in
which lyophilized specimens are transplanted (Pate,Savayer,Pataky, Molnar
Jakab, Bornemisza). Repair with a skin tube carried up into the thorax, com-
plete with an omental pedicle with good vascular supply and anastomosed in
three layers, seems to be a more reliable method than the transplantation of
a free skin tube, asemployed by Edgerton, Conner, and others ; such tubes
are not certain to take.

The method facilitates segmental repair of the oesophagus ; the cardia
may be retained and thus oesophagitis, ulceration due to regurgitation may be
prevented. The procedure cannot be claimed to have solved the problem of
segmental intrathoracic oesophageal repair, in view of the fact that the insuf-
ficient intraluminal pressure resulting from the lack of peristalsis caused the
distal suture line to constrict, so that the animals that had survived the opera-
tion subsequently died of inanition. We think that for oesophagoplasty such an
organ should be used which by its own peristaltic activity is capable of pro-
ducing a sufficient intraluminal pressure and may thus forward food even
through the distal suture line. Research should therefore be continued in this
direction.

Summary

In animal experiments a full thickness abdominal skin tube flap was prepared which
was then transplanted into the great omentum. Three to six weeks later the skin tube with
its omental pedicle was pulled up through the diaphragm into the thorax to serve for repairing
the oesophagus from which a section had been excised. The skin tube united with the oeso-
phagus, but shrank. As a result of a lack of peristaltic activity and low intraluminal pressure
the distal line of sutures became narrowed and a stricture developed.

The method seems to be superior to those involving the use of plastic tubes or lyophilized
oesophagus for oesophagoplasty. It is more reliable than the use of a free skin tube, but it
cannot be claimed to have solved the problem of segmental oesophagoplasty. To this end, an
organ should be used which has a peristaltic activity of its own and is thus capable of passing
the food across the line of distal anastomosis.

REFERENCES
1. DeBakey, M. E., Ochsner, A. : (1948) Subtotal Esophagectomy and Esophago-
gastrostomy for High Intrathoramc Esophageal Lesions. Surgery 23, 935. — 2. Bebmann
E. F. (1952) A Plastic Prothesis for Resected Esophagus. Arch. Surg. 65, 916. — (1952)

The Experimental Replacement of Portions of the Esophagus by a Plastic Tube. Ann. Surg.
135, 337. — (1954) Carcinoma of Esophagus ; A New Concept in Therapy. Surgery 35, 822. —
3. Bircher, E.: (1907) Ein Beitrag zur plastischen Bildung neuen Oesophagus. Zbl. Chir.
51, 1749. — 4. Connar, R. G.,, Campbell, F. H,, Pickrell, K. L. : (1956) Esophageal Recon-
struction with Free Autogenous Dermal Grafts. Surgery 39, 459. — 5. Edgerton, M. T.:
(1952) One Stage Reconstruction of the Cervical Esophagus or Trachea. Surgery 31, 239. —
6. Gergely, R. : (1952) A mesenterium mobilizalasanak jelentésége az antethoracalis nyel&cs6-
plasztikdban. Magy. Sebészet 1, 23. (The Significance of Mesenteric Mobilization in the Ante-
thoracic Eosophagoplasty.) —7. Herzen, P.: (1908) Eine Modification der Rouxschen
Oesophago-jejuno-gastrostomie. Zbl. Chir. 35, 219. — 8. fOanH C. C.: (1954) OnbIT TpPaHC-
nneBpasbHON NAaCTUKN MULLEBOAA M3 Towtell KULWKK. Bect. Xup. 75, 5, 25. — 9. Lexer, E. :



EXPERIMENTAL INTRATHORACIC OESOPHAGOPLASTY 87

(1908) Oesophagoplastik. Dtsch. med. Wschr. 34, 574. — 10. Marton, T., Feuer, I. : (1952)
Kisérletes nyelécs6gyomor anastomosis. Mag. Sebészet 1, 19. (Experimental Eosophago-
gastric Anastomosis). — 11. Nissen, R. : (1954) Operation am Osophagus. Thieme, Stuttgart.
— 12. Pate,J. W., Savayer, P. N.: (1953) Failure of Frcezed-Dried Esophageal Grafts.
Amer. J. Surg. 86, 152. — 13. Pataky, Zs., Molnar, L., Jakab, T. : (1958) Erfahrungen aus
Experimenten mit lyophilisierten Speiseréhrentransplantaten. Zbl. Chir. 83, 2071. — 14. M etpos-
ckuin, 5. B. : (1948) 3Ha4yeHMe OTEYECTBEHHbIX XNUPYPrnyecknx LWKON B pasBUTUN XUPyprun
nuwesoga. Xupyprusa 24,9, 28. — Petrovskij, B. Y. : (1953) A cardia és nyelécs6daganatok
sebészete. Egészségugyi Kiadd, Budapest. — 15. Remine, W. A., Grindlay,J. H. : (1954) Skin-
Lined Omentum and Plastic Sponge Tubes for Experimental Choledochoduodenostomy. Arch.
Surg. 69, 255. — 16. Rob, C. G., Bateman, C. H. : (1949) Reconstruction of the Trachea and
Cervical Oesophagus. Brit. J. Surg. 37, 202. — 17. Réth, M., Harkanyi, |., Téth, J. : (1954)
Kisérletes nyel6csépotlas miianyagcsével. Magy. Sebészet 3,184. (Experimental Replacement of
the Oesophagus with Plastic Tube.) — 18. Rubanyi, P.: (1952) A nyel6csé anastomosisai a car-
diajéindulatd sz(ikuletei esetén. 1951. Congress of Hungarian Surgeons, Egészségiigyi Kiado,
Budapest, p. 14. (Oesophageal Anastomosis in the Cases of Benign Stricture of Cardia.) —
19. Szanto, Gy. : (1952) Nyel6esGplasztika intrathoracalisan a nyakra felvezetett vékonybél-
kaccsal. 1951. Congress of Hungarian Surgeons. Egészséglgyi Kiad6, Budapest, p. 19. (Oeso-
phagoplasty with Jejunum Pulled up onto the Neck Intrathoracally.)

OKCMNEPUMEHTAJIbHAA BHYTPUTPYAHAA 3AMEHA NMULLEBOAA KOXXHOM
TPYBEKOWU

n. E. CABO, ib. TOMMA un I BAKO

ABTOpbI B OMbITaX HA XXMBOTHbIX CLUMBAIMA MOSHYIO TONCTYIO KOXY GPIOLIHONA CTEHKM
B TPyOKy, 06paiiass anuTenuil BO BHYTPb, M MepecaxuBann ee B 6GOMbLIOKA canbHUK. 3—6
HefieNlb Moce UMMJAHTaLUM OHW MPUAMILLYI0 KOXHYI TPY6KY MOAHSAM NpU MOMOLWM Cajb-
HUKOBOM HOXKMU TpaHCAMA(parManbHo B FPYAHYHO MOMOCTb M 3aMEHWM TaKUM 06pa3oM u1cce-
UeHHYI0 4acTb muieBofa. KoxHas Tpy6Ka cpacnach C MMLIEBOAOM, HO OHa CMOPLUMBA/IACh.
BcrneacTBue OTCYTCTBMA NEpUCTaNbTUKM U [aBAEHWS BHYTPW MPOCBETa AWCTanbHas NNHNS
LIBa CY)XMBanacb. MeTOOM aBTOPOB MOXHO A0GUTbCSH AYYLIMX Pe3yNnbTaToB, Yem 3aMeHoi
nuLiesoaa TPY6KO 13 NNacTMacChl WM AMOGUNM3NPOBAHHBIM MNLLIEBOAOM. 3TO 6onee Hajex-
Hblii MeTOf, YeM TpaHCMNaHTaLus cBOGOAHON KOXHOM Tpy6KM, 0fHaKO, BOMPOC CermMeHTapHoi
3amMeHbl NMLLEBOA NPY NOMOLLY 3TOV METOANKY elLe He CNEYeT CYATaTb paspelleHHbIM. ABTOPbI
TOr0 MHEHUsi, YTO ANs1 BHYTPUTPYAHOI 3aMeHbl MULLEBOAA NMPUrOfEH TO/bKO OpraH, KOTOpblii
COOTBETCTBYHOLLEIH NEPUCTANTUKON CBOEH MbILIEYHON CTEHKW 1 HAZJEXALMM BHYTPUMPOCBET-
HbIM faB/iEHWEM CMOCOGEH MPOABMIaTh MULLY TakXe Yepe3 HUKHIOK JIMHUI0 aHacTOMO3a.

EXPERIMENTELLE INTRATHORAKALE OSOPHAGUSPLASTIK MITTELS
HAUTROHR

L. E. SZABO, GY. TOMPA und G. BAKO

In Tierversuchen wurde ein von der Bauchwand entnommener volldicke Hautrohr-
lappen — mit dem Epithel nach innen — in das grosse Netz implantiert. 3—6 Wochen nach
der Implantation wurde das haftende Hautrohr am Netzstiel durch das Zwerchfell in die
Brusthéhle hinaufgebracht und damit der herausgeschnittene Teil der Spieserdhre ersetzt.
Das Hautrohr verheilte zwar mit der Spieser6hre, erlitt aber Schrumpfung. Infolge der fehlen-
den Peristaltik und des intraluminalen Druckes hatte sich die distale Nahtlinie verengt. Mit
der beschriebenen Methode konnten zwar bessere Ergebnisse erzielt werden, als durch Er-
setzungdesfehlenden Teiles der Speiseréhre miteinem Kunststoffrohr, oder lyophilisierter Speise-
rohre, und kann auch zuverléssiger durchgefihrt werden, als die Transplantation eines freien
Hautrohrs, doch kaum die segmentale Osophagusplastik mit beschriebenen Methode noch
nicht als geldst betrachtet werden — zu diesem Zweck scheinen zu sein, nur solche Organe
geeignet, die durch entsprechende Peristaltik ihrer muskulésen Wand und durch entsprechen-
den intraluminalen Druck imstande sind, die Nahrung Uber die untere Anastomose zu be-
férdern.
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