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Structural changes in the colonic transplant were studied after esophagoplasty, carried
out for post-burn cicatricial strictures of the esophagus. It was shown that artificial
esophagus was liable to hypotony and deformation in delayed periods after recon-
structive interventions. Regeneratory and adaptive reactions in the mucosa underlie its
restructuring, while under pathological conditions proliferative catarrhal changes predo-
minated in the artificial esophagus. The leading pathomorphological characteristics of
the colonic transplant are epithelial degeneration, active, sometimes unbalanced prolife-
ration, hyperplasia and hypersecretion of goblet cells, lymphoplasmacytic infiltration of
the stroma paralleled by slight sclerosis. Modifications of the ultrastructural organization
of cell populations in the Lieberkuhn crypts are determined by the intensity of patho-
logical processes and are aimed at realization of the cytoprotective potential of the
transplant mucosa.
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Organ repair technologies are used for correction
of benign pathologies of the esophagus when little
invasive interventions are ineffective. Various com-
partments of the digestive tube are used for re-
placement of damaged esophagus; one of the main
donor organs is the large intestine [9-12]. Colonic
plasty is a prevalent method of reconstructive inter-
ventions in post-burn cicatricial strictures of the
esophagus [1,8].

Important aspects of esophagoplasty are its
delayed effects caused by modification of the trans-
plant function and structure resultant from its inter-
position and adaptation to new conditions [5,7].
Available information on the results of esophago-
plasty indicates that pathological processes can de-
velop in the transplant, their incidence largely de-

pending on the type of plasty. In addition to dys-
functions, a wide spectrum of diseases, including
inflammatory changes, ulcers, polyps, and rare tu-
mors were described for an artificial esophagus re-
constructed from the large intestine [2-4,6]. On the
other hand, the concept of the morphogenesis of
artificial esophagus pathology was not developed.
Complex pathomorphological study is essential for
clearing out the structural basis of the pathological
process in the transplant and understanding of the
mechanisms of formation of delayed complications
of esophagoplasty.

We studied the regularities of structural reorgani-
zation of colonic transplant after esophagoplasty, rea-
lized under conditions of benign esophageal injuries.

MATERIALS AND METHODS

The study was carried out in 65 patients (41 men
and 24 women aged 23-68 years) with artificial
esophagus formed from the large intestine. The
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reconstructive interventions were in all cases car-
ried out for post-burn cicatricial stricture of the
esophagus; the left half of the colon was used for
transplantation. The morphology and function of
the artificial esophagus was evaluated by integral
X-ray, endoscopic, and morphological findings for
the period of 1 month to 7 years after reconstructive
intervention; in 2 cases, plastic repair was carried
out more than 40 years before this examination.

Complex pathomorphological analysis of the
transplant, esophagocolono- and colonogastroana-
stomoses was carried out on biopsy specimens col-
lected during endoscopic revision of the artificial
esophagus and included light microscopy of paraf-
fin and semithin sections and electron microscopy.
Paraffin sections were stained with hematoxylin and
eosin in combination with Pearl’s reaction, by van
Gieson’s method with poststaining of elastic fibers
with Weigert’s resorcin-fuchsin, and by PAS me-
thod. Semithin sections (1 µ) sliced from blocks em-
bedded in epon-araldite mixture were stained with
Schiff’s reagent and azur II. Ultrathin sections were
contrasted with uranyl acetate and lead citrate and
examined under a JEM 1010 electron microscope.

The results were statistically processed using
one-way analysis of dispersions and Fisher’s test.

RESULTS

X-ray examination of the artificial esophagus re-
constructed from the large intestine showed symp-
toms of hypotony (31 cases, 47.7%), deformations
(14 cases, 21.5%), and signs of reflux into the
transplant (19 cases, 29.2%).

Fibroesophagogastroduodenoscopy showed that
the colonic transplant was characterized by a twis-
ted passage and haustral surface relief; the mucosa
was covered with viscous secretion, irrespective of
the period elapsed after plasty. Hypotony and de-
formations of artificial esophagus were associated
with local leveling of haustrations, dilated segments,
formation of additional loops and deviations. Signs
of the transplantitis were detected in 7 cases (10.8%)
and ulcerative defects in the distal part of the trans-
plant were visualized in 3 cases (4.6%).

Intensive regeneration of the epithelium, most
significant in the anastomosis zone, was detected
microscopically in the transplant mucosa during the
first months after esophagoplasty; this was paral-
leled by an increase in the number of mitoses in the
upper segments of crypts, the typical cell differen-
tiation and due balance of secreting and absorbing
colonocytes being retained. Exudative reaction with
foci of capillary plethora, edema, perivascular poly-
morphic cellular infiltration was noted in some cases.

Later, after long functioning of the artificial
esophagus, the transplant mucosa retained its micro-
architectonics in general, but exhibited a trend to
hypertrophy of the Lieberkuhn crypts. Dispropor-
tional transformation of the epithelial stromal com-
ponents, sometimes appearing near anastomoses,
manifested by drawing together, compact complec-
tation, and slight deformation of the Lieberkuhn
crypts divided by narrow interstitial strata.

The colonic epithelium was characterized by
proliferative changes with hyperplasia of goblet
exocrinocytes. Surface epithelium looked thicke-
ned, consisted from high colonocytes, with strati-
fication of cell nuclei in some places. Goblet cells
with signs of hypersecretion predominated in the
epithelial lining of the Lieberkuhn crypts; the num-
ber of column colonocytes decreased (Fig. 1, a).

Analysis of the epithelial compartment of the
transplant mucosa showed its heterogeneous struc-
tural organization, associated with manifestation of
a pathological process in the artificial esophagus.
Irrespective of the period elapsed after plasty, epi-
thelial cambial zones in biopsy specimens with the
least pronounced changes were clearly limited by
the Lieberkuhn crypt base, while the epithelial layer
on the main territory was formed by well-differen-
tiated goblet cells with abundant cytoplasm over-
filled with PAS-positive secretion (Fig. 1, b).

The ultrastructure of goblet exocrinocytes re-
flected high secretory function and was charac-
terized by high polarity of intracellular structure.
The major part of the cytoplasm was filled by large
electron-transparent globules of mucus, fusing in
conglomerations; cells with granulated globules
were seen (Fig. 1, c). Flattened nuclei with narrow
zone of marginal heterochromatin were located ba-
sally. Elements of the Golgi complex, cytoplasmic
reticulum tubules, few mitochondria could be dif-
ferentiated in the perinuclear compartment of the
cytoplasm. Dilatation of intercellular spaces with
the lateral plasmalemma processes protruding into
them were seen in some places because of inter-
cellular edema (Fig. 1, d).

In other biopsy specimens, the mucosa had signs
of active unbalanced epithelial proliferation. Pro-
nounced elongation of the cambial zones, filled by
numerous poorly differentiated epitheliocytes, was
observed (Fig. 2, a). The percentage of young co-
lonocyte forms increased in Lieberkuhn cell popu-
lation; individual oligomucous cells were virtually
everywhere seen in the epithelial lining between
mature goblet exocrinocytes (Fig. 2, b).

The ultrastructure of poorly-differentiated colo-
nocytes was characterized by nuclei containing pre-
dominantly euchromatin and large nucleoli of gra-
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Fig. 1. Photooptic and ultrastructural characteristics of colonic transplant in delayed periods after esophagoplasty. 1) Lieberkuhn crypt
epithelium with goblet cell hyperplasia, ×70; b) high secretion of mucus by goblet cells, lymphoplasmacytic infiltration of stroma, ×140; c)
numerous globules of mucus in the cytoplasm of goblet exocrinocytes, ×5000; d) fragment of epithelium, dilatation of intercellular spaces,
×8000. a) hematoxylin and eosin staining; b) semithin section, PAS reaction; c, d) electronograms.
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Fig. 2. Proliferative catarrhal changes in colonic transplant in delayed periods after esophagoplasty. a) degeneration and active proliferation
of Lieberkuhn crypt epithelium, edema and lymphoplasmacytic infiltration of stroma, ×140; b) goblet cells of different differentiation degree
in Lieberkuhn crypt epithelium, ×140; c) fragment of poorly-differentiated colonocyte, nucleus with a large nucleolus, narrow profiles of
granular cytoplasmic reticulum in the cytoplasm, numerous polysomes, small vacuoles, ×6000; d) fragment of colonic epithelium, oligomucous
cells with scanty globules of mucus and large elements of Golgi complex, ×6000. a) hematoxylin and eosin staining; b) semithin section,
azur II staining; c, d) electronograms.
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nular fibrillar structure. The cytoplasmic compart-
ment included numerous cisterns of granular cyto-
plasmic reticulum, numerous polysomes and free
ribosomes, polymorphic mitochondria, and small
vacuoles (Fig. 2, c). Solitary large globules of mu-
cus, hyperplastic Golgi complex, well-developed
tubules of the cytoplasmic reticulum were seen in
moderately dense cytoplasm of oligomucous cells
(Fig. 2, d).

The progress of pathological process in an arti-
ficial esophagus was paralleled by predominantly
degenerative changes in the epithelium, associated
with disorderly location of colonocytes, blurred
contours of cells, cytoplasm vacuolation, and un-
even secretion. Foci of dysplastic transformation of
the Lieberkuhn crypt epithelium were detected in 2
cases. Atrophic changes in the mucosa were extre-
mely rare. Pronounced bacterial contamination of the
transplant was seen in some cases with deformations.

Diffuse lymphoplasmacytic infiltration was de-
tected in the lamina propria in the majority of biop-
sy specimens; lymphoid follicles were seen. Focal
microcirculatory disorders were most often detected
in the distal compartments of the esophagus, in
some cases with an admixture of leukocytes in the
infiltration. Sclerotic changes in the stroma, irre-
spective of the time elapsed after plastic repair,
were rare and as a rule were not intense. The mus-
cle plate was predominantly intact or slightly scle-
rosed.

Electron microscopy of blood capillary endo-
theliocytes showed mainly signs of high functional
activity. The cell luminal plasmalemma formed an
intricate relief with short microvilli, folds, and inva-
ginations. Short profiles of cytoplasmic reticulum
were seen in the perinuclear zone; numerous pino-
cytous vesicles were differentiated in the peripheral
compartments of the cytoplasm. Pericytes were char-
acterized by well-developed cytoplasmic processes,
in which solitary microvesicles, small mitochondria,
Golgi complex elements, and cytoplasmic reticulum
cisterns were discernible.

Hence, the study showed an intricate complex
of restructuring in the colonic transplant after eso-
phagoplasty, caused by regeneratory and adaptive
processes aimed at realization of the defense poten-
tial of the organ under conditions of performing an
atypical esophageal function. Proliferative catarrhal

changes predominated in the artificial esophageal
mucosa after long functioning. The leading patho-
morphological characteristics of the colonic trans-
plant are epithelial degeneration, active (sometimes
unbalanced) proliferation with hyperplasia and hyper-
secretion of goblet cells, diffuse lymphoplasma-
cytic infiltration, and slight sclerotic changes in the
stroma. Modifications of ultrastructural organization
of the Lieberkuhn crypt cell populations are caused
by formation of a pathological process in the trans-
plant and reflect intensification of cytoprotective
properties of the mucosa.

It is noteworthy that hyperplasia of the colonic
epithelial secretory elements, providing effective
cytoprotection, is paralleled by minimization of the
mucosal absorption function. In addition, the pro-
liferating epithelial tissue seems to provide a low
level of sclerogenesis, a peculiar feature of the
epithelial stromal integration of the colonic trans-
plant mucosa under conditions of esophagoplasty.
Presumably, destabilization of the compensatory
adaptive reactions or their inadequacy to new con-
ditions of functioning can induce a disease of the
artificial esophagus.

REFERENCES

1. A. F. Chernousov, V. A. Andrianov, A. I. Chernookov, et al.,
Khirurgiya, No. 7, 50-54 (2003).

2. A. Altorjay, J. Kiss, A. Voros, et al., Hepatogastroenterology,
42, No. 6, 797-799 (1995).

3. E. Eleftheriadis and K. Kotzampassi, Am. J. Gastroenterol., 87,
No. 7, 929 (1992).

4. K. Jeyasingham, T. Lerut, and R. H. Belsey, Eur. J. Cardio-
thorac. Surg., 15, No. 3, 327-331 (1999).

5. L. Kotsis, Z. Krisar, K. Orban, and A. Csekeo, Ibid., 21, No.
1, 79-83 (2002).

6. H. Lindahel, R. Rintala, H. Sariola, and I. Louhimo, J. Pediatr.
Surg., 27, No. 7, 859-861 (1992).

7. G. B. Ratto, P. Romano, and D. Zaccheo, Gastroenterology,
101, No. 4, 902-909 (1991).

8. M. Ribet and C. Barrat, Ann. Chir., 49, No. 2, 133-137 (1995).
9. P. Thomas, P. Fuentas, R. Giudicelli, and E. Reboud, Ann.

Thorac. Surg., 64, No. 3, 757-764 (1997).
10. M. M. Young, C. Deschamps, V. F. Trastek, et al., Ibid., 70,

No. 5, 1651-1655 (2001).
11. J. C. Wain, C. D. Wright, E. Y. Kuo, et al., Ibid., 67, No. 2,

313-318 (1999).
12. T. J. Watson, T. R. DeMeester, W. K. Kauer, et al., J. Thorac.

Cardiovasc. Surg., 115, No. 6, 1241-1247 (1998).

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 4, 2008 MORPHOLOGY AND PATHOMORPHOLOGY




