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Abstract

This study investigates tissue responses after laser
irradiation of the rabbit ureter, which serves as an ex-
perimental model for rectourogenital fistulae of children.
Twenty-five rabbit ureters were irradiated intraluminally
by a Nd:YAG laser 1320 nm (2 Watt, 20 seconds and 3
Watt, 8 seconds) via an applicator with radialsymmetri-
cal light distribution. Immediately, 2 weeks, 4 weeks,
8 weeks, and 16 weeks after irradiation, the ureters
were X-rayed with contrast solution and prepared for
light and transmission electron microscopy. For the pa-
rameters employed, no apparent morphological differ-
ences could be observed. Immediately, the central laser
zone showed a transmural thermonecrosis prevailed by
cellular destruction, condensed ground substance and
occlusion of most vascular lumina. Peripheral laser
zones displayed urothelial vacuolations. Between 2 and
16 weeks, urothelial regeneration and ingrowth of granu-
lation tissue caused a luminal stenosis or occlusion fol-
lowed by transformation into scar tissue. In some pe-
ripheral laser zones, a hydroureter with marked luminal
dilatation developed. We conclude that the ureter is oc-
cluded if the expanding force of the growing scar tissue
exceeds the hydrostatic pressure of the obstructed urine.
A laser occlusion of rectourogenital fistulae will be
easier to achieve since fistula occlusion does not entail
an obstruction of the urine flow.

Key words: Nd:YAG laser, rabbit ureter, rectourogeni-
tal fistula, immediate tissue response, thermal necrosis,
healing process, luminal occlusion, hydroureter, ultra-
structure, radiology
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Introduction

Urology is one of the first clinical fields in which
the clear superiority of laser treatment to other therapeu-
tic regimens has been proven and standard indications
for laser treatment have been defined. Hofstetter and
Keiditsch (1986), Keiditsch (1986), and Grossman et al.
(1992) could show that endoscopic transmural laser co-
agulation of the bladder or ureter wall was a curative
treatment for disseminated bladder cancer and cancer of
the ureter and could spare many patients a cystectomy or
ureteral resection. Another clinical laser application in
the urogenital tract is the ureteroscopic laser-lithotripsy
of large ureteral calculi (Schmidt-Kloiber ez al., 1985),
a process which avoids major surgical procedures in
many patients.

In children, the use of laser-urology has just recent-
ly begun [e.g., for cutting congenital urethral valves in
inferior urinary obstruction or for partial nephrectomy in
bilateral nephroblastoma (Shearer et al., 1993)]. A
number of recent experimental studies have been con-
ducted in order to develop further clinical laser applica-
tions in the urinary tract (Merguerian and Rabinowitz,
1986; Zimmermann and Kraushaar, 1987; Burger e al.,
1990; Salo et al., 1992).

The purpose of the current study was to clarify the
morphology, the mechanism and the feasibility of occlu-
sion of hollow organs by intraluminal laser radiation.
This was performed with the aim of establishing the bio-
logical basis for future occlusion of rectourogenital fistu-
lae in newborn children suffering from anorectal atresia
by a laserendoscopic procedure. An early minimally in-
vasive occlusion of these rectourogenital fistulae would
help to prevent renal damage from recurrent ascending
urinary infections which is an inherent risk of current
primary therapy by colostomy.

We, therefore, chose the rabbit ureter as an analo-
gous animal model to simulate the clinical situation and
conducted a morphological long-term investigation on
the chronological sequence of ureteral tissue reactions to
standardized intraluminal laser radiation and its repair
mechanisms in up to 16 postoperative weeks.
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Materials and Methods

After a premedication with 0.5 mg/kg of atropine
and 0.2 mg/kg prothypendyl-HCIl, white New Zealand
rabbits were anaesthetised by isoflurane/oxygen-inhala-
tion (5 %) via a face mask. From a lower midline lapar-
otomy, the anterior bladder wall was opened and the
right ureter ostium was cannulated by a 430 um laser fi-
bre equipped with a new radial laser applicator at its tip.

The laser fibre was advanced in a retrograde direc-
tion towards the pelvis of the right kidney. The proxi-
mal site of irradiation was located in the upper third of
the ureter and the distal site of irradiation was located
in the lower third (Figs. 1a and 1b). The new radial
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Figure 1. (a) Macroscopic photograph of a freshly dis-
sected right upper urinary tract of the rabbit. K: kidney;
V: segment of the urinary bladder; arrows: localisation
of the intraluminal laser irradiation. Bar = 1 cm. (b)
Diagram of the urinary tract with inserted laser fibre and
schematic indication of the proximal and distal site of
laser application.

applicator was designed to ensure a radialsymmetrical
distribution of light and an irradiation of a definite cir-
cumferential volume of the ureteral wall. We used a
Nd:YAG laser (wavelength: 1320 nm) with continuous
light emission to irradiate both sites with alternating
laser parameters, i.e., 2 watt and 20 seconds or 3 watt
and 8 seconds. Suitable parameters for achieving mod-
erate but not transmural wall necrosis (to prevent wall
perforation) were determined by previous experiments
and evaluated by thermography and histomorphometry.
Thermographically, it was our aim not to surpass a max-
imum temperature of 60°C in the centre of irradiation,
whereas the depth and the extension of the coagulated
zone was evaluated by histomorphometry. After laser
treatment, the abdominal wound was closed in layers
and, postoperatively, the animals received normal oral
nutrition and water ad libitum.

The morphological tissue response was examined in
groups of 5 animals: immediately, 2 weeks, 4 weeks, 8
weeks, and 16 weeks after laser irradiation. The contra-
lateral left ureter served as an internal control. At the
time of operation, the control ureters underwent a laser
fibre cannulation without laser-irradiation.

After reaching the given postoperative intervals the
animals were anaesthetised and fixed by perfusion with
glutaraldehyde (2.5% in 0.1 M phosphate buffer, 4°C,
pH 7.2). The laser treated ureters as well as the control
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Figure 2. (a) Light micrograph of a cross-sectioned control rabbit ureter. U: urothelium; L: cell-rich and cell-poor
zone of lamina propria; M: muscularis; T: tunica adventitia. Toluidine blue. Bar = 160 um. (b) Light micrograph
of a cross-sectioned rabbit ureter from the central laser zone immediately after laser irradiation (Nd:YAG 1320 nm
3 Watts / 8 seconds). U: destroyed urothelium; L: condensed lamina propria; M: damaged muscularis; arrows:
occluded blood vessels in the tunica adventitia. Toluidine blue. Bar = 160 um.

ureters were dissected, filled with a cooled mixture
(4°C) of contrast solution and glutaraldehyde (1:1,
Ultravist 300 Schering; 5% glutaraldehyde) and X-rayed
after immersion in a 2.5% solution of glutaraldehyde.

For histological investigation, we cut both irradiated
sites in the middle of their laser zones in a transversal
direction. The laser zone could easily be identified
macroscopically by a whitish coloured wall segment in
the immediate group or by the development of a hydro-
ureter in the postoperative groups. The sectioned pieces
were post-fixed by 1% OsO, buffered with 0.1 M caco-
dylate (pH 7.2), dehydrated and embedded in Epon 812.
From the embedded pieces, 3 segments of the laser zone
were cut in steps of 2 mm distance:

Segment 1: 0-2 mm from the middle of laser zone

Segment 2: 2-4 mm from the middle of laser zone

Segment 3: 4-6 mm from the middle of laser zone

Below, segment 1 will be termed as the central laser
zone, whereas segments 2 and 3 will be referred to as
peripheral laser zones. From each segment, semi-thin
sections (stained with toluidine blue) were used for light
microscopy (LM) and successive ultrathin sections
(stained with uranyl acetate and lead citrate) were
processed for transmission electron microscopical (TEM)
evaluation.

For computer aided semi-quantitative planimetry,
the light micrographs were digitized by means a TV-
camera and the data were entered into an automatic
image analysis system (IBAS, Contron Ltd., Diisseldorf,
Germany) equipped with a morphometrical program for
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Table 1. Survey of groupings and sizes.

design of the study number
total animals 25
animals per group 5
irradiated ureters 25
control ureters 25
irradiated ureter sites 50
sections/irradiated ureter site 6
sections of irradiated ureters 300
sections/control ureter 2
sections of control ureters 50
sections/animal 14
total sections 350

planimetry (area measurement). Thereby, the luminal
area of each ureter cross-section was manually outlined
on the digitizing tablet and then the residual luminal area
was compared with the contralateral control ureter.

Statistical analysis of the data was performed by the
SAS statistic program via an analysis of variance (Schef-
fe-test for pair-wise comparison, level of significance: p
< 0.05). This was preceded by a Proc Univariate pro-
cedure for testing the normal distribution of data. Thus,
the grade of stenosis could be classified semi-quantita-
tively as slight, moderate or severe. Table 1 gives a
survey of the design of the study.
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Figure 3. Electron micrographs of superficial cells in
the urothelium of a rabbit ureter. (a) Control ureter.
G: dark granules; V: lenticular vesicles; arrows: lateral
interdigitations (note abundant free ribosomes in the cy-
toplasm. Bar = 1 um. (b) Ureter immediately after
laser irradiation (Nd:YAG 1320 nm, 3 Watts / 8 sec-
onds). Rj: karyolytic remnants of nuclear fragments;
Ry: pycnotic like remnant of a nuclear fragment. Bar =
1 pm.

Figure 4. Electron micrographs of cells in the stratum
basale and in the laming propria of a rabbit ureter. (a)
Control ureter. B: portion of a basal cell of the urothe-
lium; N7: endothelial nucleus of a capillary protruding
from the lamina propria; No: nucleus of stellate reticu-
lar-like cell in the cell-rich zone of the lamina propria.
Bar = 1 um. (b) Ureter immediately after laser irradi-
ation (Nd:YAG 1320 nm 3 Watts / 8 seconds). E: frag-
mented erythrocytes in a capillary lumen between the
basal cells of the urothelium; Ny: endothelial nucleus of
the same capillary; No: nucleus of a connective tissue
cell in a condensed lamina propria; C: cytoplasmic
process of connective tissue cell. Bar = 1 um.

Figure 5. Electron micrographs of a cross-sectioned
smooth muscle cell in the muscularis of a rabbit ureter.
(a) Control ureter. (Note numerous dense areas in the
sarcoplasm and peripheral caveoli). Bar = 1 ym.

(b) Ureter immediately after laser irradiation (Nd:YAG
1320 nm 3 Watts / 8 seconds). N: pycnotic-like nucle-
us; S: destroyed sarcoplasm. Bar = 1 pum.

Results

Morphological findings in the control ureter

Cross-sections of control ureters showed the typical
stellate lumen with prominent longitudinal mucosal folds
(Fig. 2a). The transitional epithelium (urothelium) was
composed of a stratum basale, a stratum intermedium
and a stratum superficiale. It could be classified as a
stratified epithelium and consisted of 12-15 cell layers.

TEM observations of the stratum superficiale (Fig.
3a) did not display all structural features peculiar to
these cells in other species as the flattened lenticular ves-
icles were not bounded by a thick membrane of the same
character as that on the free luminal surface. Further-
more, the distribution of these vesicles was not confined
to the apical portions of the superficial cells.

Additionally, we could observe dark granules with
a homogeneous electron-dense content which were distri-
buted throughout all cell layers of the urothelium and
could already be described light microscopically. At the
lateral cell borders numerous interdigitations were Vvisi-
ble. The most prominent feature of the stratum basale
were numerous capillary loops protruding from sub-
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epithelial vessels of the lamina propria (Fig. 4a). The
underlying lamina propria was composed of 2 structur-
ally different zones (Fig. 2a).

By the TEM, the first cell-rich zone comprised a 5-
10 um wide superficial layer with stellate reticular-like
cells exhibiting numerous cytoplasmic processes and
connected to each other by a three-dimensional network
(Fig. 4a). The intercellular spaces were filled with
abundant amorphous ground substance devoid of collage-
nous fibrils or elastic material.

The second cell-poor zone comprised a 10-15 um
wide deep layer with a high portion of fibre bundles
arranged in an irregular texture. Few fibroblasts and
fibrocytes were interspersed between the mesh of this
fibrous feltwork traversed by small blood vessels. A
distinct submucosal layer could not be identified in the
rabbit ureter.

In the muscularis, 3 distinct smooth muscle layers
could be discerned. Fine inner and outer layers con-
tained isolated bundles of longitudinally arranged muscle
cells, whereas the stronger, intermediate layer displayed
a coherent mass of muscle fibres with a predominantly
circular course (Fig. 2a). The smooth muscle cells of
the 3 layers were sustained by copious loose connective
tissue. The tunica adventitia (Fig. 2a) could be
described as a layer of loose connective tissue with large
vessels and nerve fibres neighbouring the adipose tissue
of the retroperitoneal space.

Morphological findings immediately after laser
irradiation

Immediately after laser irradiation apparent differ-
ences in the morphological tissue response could not be
determined for the 2 chosen combinations of parameters
(2 Watts / 20 seconds and 3 Watt / 8 seconds). The
morphological differences compared to the control ure-
ters were most prominent in segment 1. Light micro-
scopically, the stellate lumen of the ureter was no longer
recognizable as the mucosal folds had been destroyed.
The continuity of the transitional epithelium had com-
pletely disappeared due to a fragmentation and a detach-
ment of fragments from persisting urothelial residues.
In the destroyed urothelium, clear cell borders could no
longer be discerned, and the nuclei seemed to be re-
placed by an obviously increased number of small and
densely stained particles (Fig. 2b).

On the electron microscopical level, the cytoplasmic
matrix, the organelles, the vesicles and granules as well
as the cellular membranes showed complete disintegra-
tion and therefore did not allow distinction between the
3 different strata of the urothelium. Instead, we ob-
served that the cytoplasmic structure had been entirely
replaced by an inhomogeneous granulofilamentous ma-
terial (Figs. 3b and 4b).




Figure 6. Light micrograph of a cross-sectioned rabbit
ureter at a distance of 3 mm from the central laser zone
immediately after laser irradiation (Nd:YAG 1320 nm 3
Watts / 8 seconds). V: numerous vacuoles in the
destroyed urothelium; L: lamina propria, M: damaged
muscularis; T: tunica adventitia. Toluidine blue. Bar =
160 pm.

Most urothelial nuclei presented either dense or pyc-
notic-like chromatin areas or karyolytic features (Fig.
3b). The nuclei showed both a remarkable decrease in
diameter and a clear increase in number compared to the
controls. The nuclear shrinkage and multiplication of
this extent implies that the particles are residues of
nuclear fragment rather than residues of whole nuclei.

Conversely, the endothelial nuclei of the capillary
loops interposed between the basal cells showed no obvi-
ous signs of shrinkage but a disruption of the nuclear
borders combined with thickened marginal chromatin
and a coarse euchromatin. The lumina of the capillary
loops interposed between the basal cells were filled with
fragments of erythrocytes (Fig. 4b).

By the TEM, the cells of the lamina propria exhib-
ited the same degree of cytoplasmic damage as already
described for the urothelium. The nuclei of the connec-
tive tissue cells in the lamina propria were very similar
in appearance to the endothelial nuclei of the capillary
loops.

The amorphous ground substance of intercellular
spaces in the cell-rich zone of the lamina propria had a
more homogenous and more electron-dense ultrastructure
than in the control ureters and could be best described as
a condensed mass (Fig. 4b). The collagenous fibrils of
the connective tissue were still visible, but were hardly
detectable due to the surrounding condensed ground
substance.
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Light microscopically, the 2 zones of the lamina
propria were indistinguishable and were replaced by an
intensely stained dense circle of fused connective tissue
components below the destroyed urothelium (Fig. 2b).
The muscularis and the tunica adventitia appeared less
severely damaged than the lamina propria and the uro-
thelium, but differed from the controls by a loosened
structure of their tissues and the features of their nuclei
which seemed pycnotic in the connective tissue cells and
the smooth muscle cells (Fig. 2b).

By the TEM, the sarcoplasm of the smooth muscle
cells was devoid of myofilaments, dense areas and
peripheral caveoli as seen in the controls (Fig. 5a) and
showed transformation into the same inhomogeneous
granulo-filamentous network observed in urothelial and
connective tissue cells (Fig. 5b). The nuclei of the
smooth muscle cells displayed the typical signs of struc-
tural damage already described for the endothelial and
connective tissue cell nuclei.

A further striking observation of immediate tissue
reaction to laser irradiation was the complete occlusion
of almost all blood vessel lumina predominantly evident
in the tunica adventitia (Fig. 2b). The occlusive materi-
al was intensely stainable in the light microscopical ob-
servation and was composed of blood cell aggregates
embedded in a coagulation thrombus.

In segment 2 (2-4 mm from the middle of the laser
zone), the ureter wall tissues showed the same qualita-
tive lesions as described in segment 1 apart from the
urothelium. Here, a multiple vacuolation of persisting
urothelial residues was prominent (Fig. 6). These vacu-
oles were surrounded by a destroyed urothelium exhibit-
ing the same ultracytological alterations as the one in
segment 1.

The mucosal folds were preserved in segment 2
although the lamina propria did not yet allow distin-
guishing between 2 different zones and showed a fused,
but not intensely stained tissue structure. Both light- and
electron-microscopically, the muscularis and the tunica
adventitia did not exhibit clear histological differences in
comparison to segment 1, and the occlusion of blood
vessel lumina was still evident.

In the more peripheral laser zone of segment 3 (4-6
mm from the middle of the laser zone), we did not find
sufficient structural signs of a less severe damage of the
ureter wall tissues, and therefore could not describe a
gradient of decreasing laser destruction towards the dis-
tant wall segments.

Morphological findings in the period of 2-16 weeks
after laser irradiation

Two weeks after laser irradiation the residues of the
necrotic urothelium had detached from the underlying
lamina propria and had been replaced by a regenerated
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Figure 7. Light micrographs of a cross-sectioned rabbit ureter from the central laser zone 2 weeks after laser irradia-
tion (Nd:YAG 1320 nm 3 Watts / 8 seconds). (a) Lj._3: stenosed lumina lined by regenerated urothelium; S: young
scar tissue; arrows: longitudinally sectioned blood vessels in the region of the tunica adventitia. Toluidine blue. Bar
= 160 pum. (b) E: central epithelial cells occluding the lumen; arrows: patent blood vessel in the tunica adventitia (note
numerous macrophages interspersed between young scar tissue). Toluidine blue. Bar = 160 um.

Figure 8. (a) Macroscopic photograph of a freshly dissected right rabbit ureter two weeks after laser irradiation of
the proximal site (Nd:YAG 1320 nm 3 Watts / 8 seconds). Asterisk: hydroureter; arrow: central laser zone. Bar =
0.25 cm. (b) Contrast radiograph of the ureter shown in Figure 8a, two weeks after laser irradiation of the proximal
site (Nd:YAG 1320 nm 3 Watts / 8 seconds). Asterisk: contrast solution filling hydroureter; arrow: weak radiopacity
of young scar tissue occluding the lumen. Bar = 0.25 cm.

new urothelium in all 3 segments (Fig. 7a). This uro-
thelium did not exhibit the typical cytological features of
the controls and was therefore regarded as undifferentia-
ted. It consisted of fewer cell layers (3-6) than the con-
trol urothelium (5-12 cell layers) and did not yet allow
a distinction among a stratum basale, a stratum inter-
medium and a stratum superficiale.

The remaining wall layers, i.e., lamina propria,
muscularis and tunica adventitia, could no longer be dis-
tinguished from one another due to an ingrowth of gran-
ulation tissue which had already been transformed into
young scar tissue after 2 weeks. In segment 1, the ex-
pansion of the reparative connective tissue had caused a
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luminal stenosis in five of eight laser irradiated sites
(62.5%). This stenosis was occasionally apparent as two
or three residual lumina, separated by bridges of young
scar tissue as shown in Figure 7a.

The grade of luminal stenosis was determined by
comparing the luminal area to that of the controls,
making use of semiquantitative planimetry. This tech-
nique allowed a rough classification into a low, interme-
diate and a high grade of stenosis. In the group of the
stenosed specimens, all 3 grades of stenosis were found
to occur. In the remaining 3 ureter sites (37.5%), a to-
tal occlusion of the lumen was apparent. However, the
structural correlate of this occlusion was not only the
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young scar tissue but also an accumulation of epithelial
cells in the centre of the former lumen. In 2 of the oc-
cluded specimens, we found a high portion of macro-
phages interspersed between the surrounding young scar
tissue in segment 1 (Fig. 7b) as a sign of recent or on-
going resorptive activity. After 2 weeks, most large
blood vessels of the tunica adventitia had regained a
patent lumen (Figs. 7a and 7b). In the peripheral laser
zones of segment 2 and 3, all occluded ureter sites had
developed a significant degree of luminal dilatation at
the proximal site of laser irradiation (Figs. 8a and 8b),
whereas a hydroureter at the distal site was only notice-
able in a few cases.

Four weeks after laser irradiation, we detected no
further expansion of the scar tissue and, therefore, no
further increase in the number of luminal occlusions. At
that instant, 25 % of the irradiated sites showed luminal-
occlusion in segment 1, while the remaining sites dis-
played all 3 grades of luminal stenosis. In the occluded
specimens, central epithelial cell accumulations could no
longer be detected because the scar tissue had now
completely filled the former lumen.

Eight weeks after laser irradiation, we observed a
gradual maturation of the scar tissue in the occluded
specimens of segment 1. This structural alteration was
characterized by an increase in the portion of fibres and
a decrease in the portion of connective tissue cells as
well as in the amount of ground substance. After 8
weeks, 38% of the irradiated sites showed luminal oc-
clusion in segment 1. The stenosed specimens displayed
only low and intermediate grades of stenosis.

Sixteen weeks after laser irradiation a shrinkage of
the scar tissue had caused an obvious wall stricture of
the central laser zone; this became particularly apparent
by the frequent development of hydroureters. 12% of
the irradiated sites showed luminal occlusion in segment
1, while the remaining sites displayed all 3 grades of
luminal stenosis.

Radiological results

The contrast radiograms provided additional infor-
mation concerning the grade and extension of the lumin-
al stenosis or proved an occlusion as well as the devel-
opment of a hydroureter. They were evaluated by meas-
uring the luminal diameter and the longitudinal extension
of the stenosed or occluded segments. In general, the
contrast radiograms confirmed the histological findings
at all postoperative intervals. The radiograms of the pe-
riod between 2 and 16 weeks after laser irradiation (Fig.
8b) revealed a high accordance with the histologically
determined grades of stenosis and with the incidence of
ureteral occlusions. We observed that the length of a
stenosis or an occlusion did not significantly increase
between the second and sixteenth post-operative week.
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Discussion

Immediately after laser irradiation, the microscopi-
cal features of the ureter wall tissues clearly demonstrate
a death of cells in all wall layers of segments 1, 2 and
3. This transmural wall necrosis has also been found in
other studies after Nd:YAG-laser treatment of the uri-
nary tract (Smith ez al., 1984; Hofstetter and Keiditsch,
1986) and is certainly due to the high penetration depth
of laser irradiation with a wavelength of 1320 nm
(Sardar et al., 1993). This cell death can be described
as a thermonecrosis, which implies a rise of temperature
above a critical value of approximately 45°C (Helpap
and Grouls, 1980), resulting in a lethal cellular damage.

The ultrastructural findings suggest, that the non-
cellular components of the ureteral wall layers are more
resistent against the photothermic effect of Nd:YAG la-
ser irradiation than the cellular components. This gener-
al conclusion concerning the interaction between laser
light and biological tissue has also been drawn by sever-
al authors (Ben Basset er al., 1976; Prince et al., 1986;
Zimmermann et al., 1987) and is in good accordance
with earlier results of our own group after laser irradia-
tion of the rat esophagus (Schaarschmidt et al., 1992;
Stratmann ez al., 1993).

The relative thermostability of the amorphous
ground substance and the collagenous fibrils is probably
due to the stability of the covalent bindings of their mol-
ecules which will not disrupt at the attained tempera-
tures. The condensation of the ground substance is elec-
tron microscopically evident and corresponds to the
dense circle of fused connective tissue in the lamina pro-
pria on the light microscopical level. This condensation
might be due to the formation of new cross-links be-
tween the macromolecules (proteoglycans and hyaluronic
acids) resulting in reduced solubility of the ground sub-
stance so that it is less extracted by aqueous and
alcoholic solutions during specimen preparation. In our
view this condensation should not be regarded as a real
coagulation as the term coagulation implies merely pro-
tein precipitation from an aqueous solution. The molec-
ular structure of collagenous fibres seems to be altered
by laser irradiation as they have obviously lost their abil-
ity to incorporate heavy metal ions. Consequently, they
also have lost their electron microscopical cross banding
pattern and appear as electron transparent spots in cross-
sections. ;

In the connective tissue of the wall layers an oc-
clusion of almost all blood vessel lumina was prominent.
This observation has been confirmed in different tissues
and specimens by several laser studies (Geboes et al.,
1980; Haase et al., 1989; Rebeiz et al., 1990). Most
authors assume a formation of intravascular thrombi
after endothelial damage. According to Boergen (1977),
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a lesion of erythrocytes can also activate the cascade of
intravascular coagulation which might be promoted by
thermal plasmaprotein precipitation.

In contrast to the alterations of the extracellular ma-
trix, the complete disintegration of cytoplasmic elements
is probably due to weak binding forces between mole-
cules of cytomembranes of cell borders, organelles and
nuclear envelopes as well as between protein subunits of
the cytoplasm. The photothermically induced destruc-
tion of these non-covalent bindings results in an intracel-
lular accumulation &f granulofilamentous material that
was already described in epithelial cells of the human
skin (Ben Basset et al., 1976) and in epithelial cells of
the rat oesophagus (Stratmann et al., 1991, 1993) and
that can be interpreted as fused or clumped fragments of
cytoplasmic components.

The ultrastructural feature of cellular nuclei suggests
either a destruction of the karyoplasmic matrix resulting
in a chromatin collapse (pycnotic-like nuclei) or can be
explained by a primary disruption of chromatin followed
by a collapse or dispersion of the fragments (karyolytic
nuclei) as observed in the urothelium.

The extension of the thermal wall necrosis into the
peripheral laser zones of segment 2 and 3 did not reveal
any histological evidence of a decreasing gradient of
laser destruction in a peripheral direction. This observa-
tion supports our working hypothesis, that the ureter tis-
sues have the property of a high thermal diffusion rate
in a longitudinal direction resulting in a rapid tempera-
ture rise in the peripheral laser zones. The multiple in-
traurothelial vacuolation in segment 2 and 3 can be inter-
preted as an accumulation of a serous exudate or an in-
flammatory oedema respectively derived from dilated
capillaries of neighbouring vital tissue.

The structural features of ureter tissues described
for the immediate group are the result of a photothermal
laser trauma, which induces the exudative phase and the
following stages of wound healing.

The period up to the second week is marked by the
resorption of necrotic material and the formation of
granulation tissue, which has already been transformed
into young scar tissue after 2 weeks. Simultaneously
with the reparative activity, a regenerative activity of the
urothelium takes place and has restored a new luminal
lining after 2 weeks. This urothelial regeneration origi-
nates from vital cells which are located in more periph-
eral zones than segment 3. Mitotic activity appears to
have been specifically stimulated by absorption of laser
energy or simply by moderate rise in temperature. This
mitotic activity may have been mediated by mitogens re-
leased from macrophages and thrombocytes, i.e., growth
factors stimulating the proliferation of epithelial cells as
well as fibroblasts and endothelium. Our findings indi-
cate a high urothelial capability of regeneration and are
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consistent with observations of several authors after uro-
thelial trauma of various origins (Schreiber ez al., 1969;
Connolly et al., 1971; Kunze et al., 1979, Pensel et al.,
1988). In the occluded specimens of the second week
group, these regenerated urothelial cells have been com-
pressed in the centre due to centripetal growth direction
of reparative scar tissue and will probably be replaced
by scar tissue successively.

Between the second and the sixteenth post-operative
week, all processes of wound healing have terminated
apart from a maturation of the scar tissue, leading to a
shrinkage of the laser treated ureter segment after 16
weeks. This conclusion is supported by our histological
observation that the incidence of luminal occlusions does
not increase in later postoperative stages and by the
radiological evidence that the stenosis displays no further
expansion in longitudinal direction after 2 weeks.

In short, our results suggest that a high expanding
force of growing scar tissue in a luminal direction is a
prerequisite for a successful occlusion of hollow organs.
In the case of the ureter, this expanding force must ex-
ceed the hydrostatic pressure of obstructed urine in a de-
veloping hydroureter. The occlusion seems to achieve
mechanical stability during maturation of scar tissue and
is very likely to be a permanent one if it can be found
even after 16 weeks because scar maturation can be sup-
posed to be nearly terminated hitherto.

Clinical conclusions

Although there is no exact correlate of rectourogeni-
tal fistula in normal animal anatomy, the rabbit ureter
has the advantage of a similar wall structure and geome-
try, as well as a luminal size in good accordance with
the newborn’s rectourogenital fistula. On the grounds of
this study and previous experimental and clinical find-
ings (Stratmann ez al., 1991, 1993; Schaarschmidt ez al.,
1992), we assume that a laser mediated occlusion of uro-
genital fistulas could be conducted in future clinical
treatments.

In rectourogenital fistulas due to anorectal anomaly,
the probability of a permanent occlusion is even higher
than in the animal model of this study since the expan-
sion of the scar tissue is not subject to mechanical dis-
turbances such as the increasing hydrostatic pressure of
progressively obstructed urine. Therefore our
experimental findings encourage further research to
promote standardized clinical application.
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Rabbit ureter after Nd: YAG laser irradiation

Discussion with Reviewers

A.P. Evan: A comment is made in Results about the
complete occlusion of almost all blood vessel lumina
after laser treatment, and this change is supposed to be
seen in Figure 2b. That figure is of too low a magnifi-
cation to see such a level of detail.

Authors: The occlusion of almost all blood vessel lumi-
na after laser treatment can be recognized as a very con-
stant feature, even on the light microscopic level pre-
dominantly for the larger blood vessels, if the laser
treated specimens are directly compared to the untreated
controls. However, in order to make this finding more
evident, we present an additional micrograph (Fig. 9).

A.P. Evan: Please expand your discussion on the
mechanisms for luminal occlusion of the ureter following
laser treatment.

Authors: Two weeks after laser irradiation, 37.5% of
the investigated ureters showed a complete occlusion of
their lumina, whereas the remaining specimens showed
different grades of luminal stenosis. Our evaluations
support the hypothesis that the occlusion will persist at
least up to the sixteenth week, and there is no reason to
assume a recanalisation in the following stages.

Basically, two different processes of wound healing
occur after laser trauma of the ureter. On the one hand,
an urothelial regeneration restores a new luminal lining.
On the other hand, an ingrowth of granulation tissue re-
places the thermonecrotic tissue and eventually leads to
a stenosis or even an occlusion of the lumen. By trans-
formation of granulation tissue into scar tissue the occlu-
sion gains further mechanical stability.

Moreover, our observations support the assumption
that an urothelial regeneration does not disturb a luminal
occlusion since the epithelial cells are supposed to be
compressed by expanding granulation tissue and will be
replaced by connective tissue after atrophy due to pres-
sure. Against that, an obstruction of urine flow will
dilate the lumen and result in the development of a
hydroureter.

A.P. Evan: The reviewer is still not sure how the data
collected in this study will be used. Did the authors
answer their question listed in Introduction?

Authors: The answer to the above mentioned question
of future clinical applicability of the laserendoscopic
technique has been given in Clinical Conclusions. Of
course, this study should be understood as an applied
basic research work in preparation of future clinical
studies on laser endoscopy; nevertheless, the overall im-
portant question, whether a laser-endoscopic occlusion
of urinary hollow organs is feasible at all, has been
answered definitely by proving the possibility of luminal
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Figure 9. Light micrograph of a larger blood vessel of
the tunica adventitia of a rabbit ureter immediately after
laser irradiation (Nd:YAG 1320 nm 3 Watts / 8 sec-
onds). (Note the densely packed blood cells enclosed in
an intravasal thrombus occluding the vascular lumen).
Bar = 70 ym.

occlusion in this study. A laser-mediated occlusion of
hollow organs in two further animal models has already
been reported by our group for the rat esophagus
(Schaarschmidt er al., 1992) and the piglet esophagus
(Stratmann et al., 1995).

Reviewer II: In the human ureter, neither "lenticular
vesicles” nor "dark granules” are prominent. Can the
authors provide references as to what the structures
represent?

Authors: According to Jost et al. (1989), the surface
layer cells of the normal human urothelium contain elec-
tron-lucent, round or fusiform (= lenticular) vesicles
with varying length (0.2-0.5 um) and varying diameter
(0.04-0.2 um). Of course, these vesicles are supposed
to be a typical feature also in the urothelium of other
mammalian species due to their functional significance
for surface enlargement during luminal extension. Sec-
ondly, the dark granules might represent particularly
electron-dense lysosomes but cannot be characterized
definitely by only morphological data.

Reviewer II: In the clinical setting, how will the
authors determine the appropriate dose and time of laser
treatment for fistula occlusion?
Authors: The first step is to measure the absorption
rate of freshly dissected ureter segments and to record
the temperature of the ureter wall by a thermocamera
after irradiation with the investigated experimental pa-
rameters. In the second step these data have to be com-
pared with the data obtained after irradiation of freshly
dissected fistula after irradiation with identical parame-
ters. In case of an acceptable correspondence the values
of dose and time can be transferred from the experimen-
tal model to the clinical setting.

Indeed the principle of an endoscopic laser occlusion
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of fistulae has already been applied successfully by
Schmittenbecher ez al. (1992) in newborn children suf-
fering from congenital tracheoesophageal "H-fistula."
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