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Purpose: Previous studies have revealed structural and metabolic changes in the distal most ureter, impairing its contractile
properties, and, thus, having a role in the pathogenesis of vesicoureteral reflux. Musculature and nerves are replaced by
interstitial collagen, while matrix degrading enzymes are over expressed. We investigated the microvessel architecture of the
ureterovesical junction to elucidate further the pathophysiology of vesicoureteral reflux.
Materials and Methods: Ureteral endings were obtained from 28 children during antireflux surgery. Ureteral tissue from
14 age matched autopsy specimens served as control. Routine histological paraffin embedded sections were immunostained,
detecting CD31 as an endothelial marker as well as vascular endothelial growth factor. Microvessel density and vascular
endothelial growth factor expression were investigated based on computer assisted high power field magnification analyses.
The t test and the Spearman rho test were applied for statistical evaluation.
Results: Overall, microvessel density was significantly reduced in cases of vesicoureteral reflux. While reflux grade and age
were not correlated with microvessel density, it was particularly decreased in regions lacking smooth musculature. Vascular
endothelial growth factor was observed in smooth muscle, endothelial and connective tissue cells. Additionally, cellular
vascular endothelial growth factor expression was markedly abridged in cases of vesicoureteral reflux compared to healthy
controls.
Conclusions: Overall microperfusion is supposed to be impaired, leading to tissue ischemia due to reduction of vascular
endothelial growth factor expression and subsequent microvessel density. Diminished ureteral perfusion is likely to induce
and support smooth muscle dysfunction as well as subsequent extracellular matrix remodeling, including increased collagen
deposition. These ongoing functional and structural alterations may further deteriorate the active valve mechanism of the
ureterovesical junction, causing vesicoureteral reflux.
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V
esicoureteral reflux is caused by a defective valve
mechanism of the UVJ, allowing urine to pass from
the bladder to the kidney. Long-term renal scarring

and subsequent hypertension as well as renal failure are
classic pathophysiological sequelae.1 Structural integrity of
the UVJ and coordinated muscular activity are prerequisites
for efficient antireflux protection.2

Recent work has focused on the active part of the antire-
flux mechanism, investigating the intravesical ureter and its
relation to the surrounding detrusor. Atrophy, dysplasia and
severe architectural derangements of smooth muscle cells in
refluxing ureteral endings appear to have a pivotal role.
Additionally, metabolic changes of the intravesical ureteral
wall, such as increased collagen deposition creating further
rigidity, have been noted.2,3 Important intramural gangli-
onic cells—the so-called interstitial cells of Cajal—are also
significantly diminished.4 These cells are crucial for the
fine-tuning of smooth muscle cells in human peristaltic or-
gans.
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There has been indirect evidence for an ongoing remod-
eling process showing that matrix degrading enzymes are
over expressed while scavenging phagocytes accumulate in
refluxing ureteral endings.3 These changes are typical fea-
tures of tissue regions experiencing insufficient blood sup-
ply.5,6 However, these metabolic activities subsequently
lead to progressive fibrosis and organ dysfunction.5–8 Pri-
mary or secondary reduction of tissue microperfusion and
defective angiogenesis may contribute to local ureteral
smooth muscle dysfunction, and may further increase inter-
stitial collagen production.5,7,8

The relative intensity of tissue vascularization as re-
flected by its MVD correlates well with its real-time perfu-
sion.9,10 In addition, MVD is a common surrogate marker for
angiogenesis in growing organs.9 Usually, neovasculariza-
tion and microvessel homeostasis are regulated by growth
factors such as VEGF.11 Increased VEGF production di-
rectly stimulates the ingrowth of blood vessels. Hence, dys-
regulation of the VEGF pathway will have a significant
impact on tissue vascularization.11

We investigated MVD and VEGF expression in the UVJ
region of children with primary VUR. Examination of the
microvessel architecture seems particularly important to

understand the pathophysiology further, since refluxing ure-
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teral endings display typical stigmata of ischemic tissue
areas.5–8

MATERIALS AND METHODS

After informed consent was obtained specimens of the distal
intravesical ureteral part were taken from 28 children (14
girls and 14 boys, mean age 52.25 months, range 10 to 110)
with primary VUR undergoing ureteroneocystostomy. Re-
flux persistency, parental preference, reflux nephropathy
and complications due to antibiotic prophylaxis were consid-
ered indications for open reimplantation. Patients with re-
current infections were not included in the study. Reflux was
grade II in 11 ureterorenal units, grade III in 9, grade IV in
7 and grade V in 1. Ureteral tissue of the UVJ region of 14
age matched autopsies without any evidence of urological
disease (individual history and accurate autopsy) served as

FIG. 1. Morphological difference between primary refluxing and
healthy ureter (reduced from �50). A, smooth muscle (M) coat is
widely absent and is replaced by connective tissue (CT) in 4-year-old
girl with grade IV VUR. Inset displays extensive endomysial and
perimysial fibrosis (reduced from �400). B, control ureter (2-year-
old boy) exhibits typical morphology with 2-layer muscle coat and
relatively few connective tissues.
control.
Immunohistochemistry
Samples were fixed and immersed in 4% formaldehyde so-
lution and embedded in liquid paraffin according to routine
histological evaluation. Paraffin sections were cut transver-
sally at 4 �m using a rotary microtome. Samples were dried,
dewaxed and rehydrated. Antigen retrieval allowing further
staining was done by heat induced epitope unmasking while
the slides were immersed in citrate buffer.

The immunohistochemical procedure was initiated using
an automated staining system. Slides were incubated with
selected monoclonal antibodies. A peroxidase/diaminobenzi-
dine primary antibody detection kit was used according to
manufacturer protocol, while hematoxylin was administered
for counterstaining. Specimens were subsequently dehy-
drated and mounted permanently in entellan embedding
medium.

Smooth Muscle Staining
�-Actin immunostaining was done to assess general ureteral
morphology. A ready to use monoclonal anti-smooth muscle
�-actin antibody was applied, and chromogen reaction, coun-
terstaining and the mounting procedure were done as de-
scribed previously.

Microvessel Staining
CD31 staining was carried out using a commercially avail-
able prediluted monoclonal anti-CD31 antibody. Further
processing was done according to the aforementioned proto-
col.

VEGF Staining
A prediluted monoclonal anti-VEGF antibody was used to
investigate VEGF distribution within the ureteral wall.

Slide Analysis and Interpretation
Sections were investigated using a computer assisted light
microscope. Digital photomicrographs were transferred to a
desktop computer, while AxioVision™ software allowed ac-
curate cell labeling and counting. Specimens were scored by
2 independent observers.

Ureteral smooth musculature was studied with regard to
structural anomalies and architectural derangement as de-
scribed previously.2–4 Angiosarcoma and astrocytoma were
FIG. 2. Overall microvessel density (vessels per HPF) in healthy
controls and primary VUR.
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used as positive controls for VEGF and CD31, while no
primary antibody was applied to achieve negative controls.

Microvessel Density
Microvessel density was determined based on the random
field selection method.9 We graded MVD after evaluation of
10 randomly selected HPFs at 400� magnification (MVD/
0.152 mm2) per patient.9 Any brown staining endothelial
cell or cell cluster that was clearly separate from adjacent
microvessels, smooth muscle cells and other connective tis-
sue elements was considered a single countable microvessel.
The presence of a vessel lumen was not necessary for the
structure to be counted as a microvessel, while red blood
cells were not used to define a vessel lumen.9 Not only were
refluxing ureteral endings compared with healthy controls,
but parameters also were correlated with the degree of ar-
chitectural derangement (fig. 1).

VEGF Expression
Analogous to MVD assessment, all VEGF positive cells were

FIG. 3. Microvessel density in intravesical ureter (reduced from
�200). A, 5-year-old boy with dense musculature and no evidence of
VUR. B, 18-month-old girl with grade IV VUR displays markedly
reduced microvessel density.
accurately counted in 10 randomly captured HPFs with par-
ticular regard to VEGF distribution within the refluxing and
the healthy ureteral wall. Urothelium and intraluminal cells
were not counted.

Statistical Analysis
Descriptive statistics were applied analyzing the results of
the semiquantitative evaluation of MVD and VEGF expres-
sion patterns. The Spearman rho correlation test was used
to evaluate the associations between MVD, cellular VEGF
patterns and age as well as reflux grades. Differences in
VEGF expression and MVD between the 2 groups and be-
tween refluxing ureteral wall areas were investigated apply-
ing the 2-tailed Student t test. Data are expressed as mean �
SD or mean and range, with statistical significance consid-
ered at p �0.05. SPSS® 11.0 for Windows software was used
for all analyses.

RESULTS

In all refluxing ureters the smooth muscle coat was absent
in more than half of the circumference being replaced by

FIG. 4. Microvessel density and architectural derangement (re-
duced from �200). A, ureteral part with relatively intact muscula-
ture in 4-year-old boy grade with II VUR. B, intravesical ureter

widely lacking smooth musculature in 5-year-old girl with grade III
VUR.
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connective tissue, while endomysial and perimysial fibrosis
was noted in residual bundles (fig. 1, A). Controls exhibited
a regular morphology (fig. 1, B). Those previously described
structural changes did not correlate with reflux grade or
patient age.2

Overall, MVD was significantly diminished in refluxing
ureteral endings containing only 12.55 � 3.59 (range 6 to 23)
vessels per HPF (p �0.0001, fig. 2). Healthy controls exhib-
ited a mean MVD of 41.67 � 7.71 (range 29 to 62) vessels per
HPF (fig. 3). The lowest MVD (6) was noted in a 7-year-old
girl with grade III VUR with widely absent smooth muscu-
lature, and the highest (27) in an 8-year-old girl with grade
II reflux within macroscopically well organized muscle bun-
dles. Small immature vessels and single endothelial cells
representing active angiogenesis were rarely encountered in
the extensive connective tissue moiety of the refluxing ure-
ter and the relatively intact smooth musculature. Those
typical stigmata of intensive angiogenesis in growing organs
were regularly detected in healthy controls.

Ureteral MVD is not correlated with reflux grade (corre-
lation coefficient �0.048, p � 0.81) or patient age (correla-
tion coefficient �0.018, p � 0.929). Consequently, there is no
statistical difference between low grade (II to III, 12.69 �
3.68) and high grade (IV to V, 12.23 � 3.35) VUR (p � 0.34).

However, there were major differences noted when inves-
tigating the association of MVD with architectural alter-
ations within the refluxing ureteral wall. Those parts of the
intravesical ureter being replaced by connective tissue ex-
hibited the lowest MVD, whereas regions with a relatively
intact muscle wrap yielded a relatively dense microvascula-
ture (fig. 4). Areas with more abundant musculature con-
tained 14.99 � 2.74 vessels per HPF, whereas severely al-
tered segments had an MVD of only 10.02 � 2.25
(p �0.0001, fig. 5). Even macroscopically well preserved
ureteral parts displayed a severely impaired microvascula-
ture compared to those in healthy controls (p �0.0001).

Alterations of the microvessel network were clearly par-
alleled by an impaired growth factor homeostasis. Mean
VEGF production was significantly (p �0.0001) reduced in
refluxing ureteral endings, where VEGF was found in 60.76 �
30.11 cells per HPF (range 19 to 134). Healthy controls
exhibited a mean of 199.3 � 51.21 VEGF producing cells per
HPF (range 121 to 318, fig. 6). Vascular endothelial growth
factor was found in smooth muscle, connective tissue, mono-

FIG. 5. Microvessel density (vessels per HPF) and smooth muscle
architecture.
nuclear and endothelial cells (fig. 7).
Similar to the MVD, VEGF expression was not correlated
with reflux grade (correlation coefficient �0.026, p � 0.896)
or age (correlation coefficient �0.161, p � 0.422). Thus,
there is no relevant difference between low grade (50.94 �
30.57) and high grade (61.79 � 28.28) VUR (p � 0.64). More
importantly, VEGF production is markedly decreased in
those segments lacking smooth musculature, compared to
more intact areas (42.05 � 20.30 vs 79.43 � 23.61 cells per
HPF, p �0.0001, fig. 8). Even within relatively healthy parts
growth factor expression is notably diminished (79.43 vs
199.3, p �0.0001, fig. 9). Consequently, VEGF production
and MVD are positively correlated to each other (correlation
coefficient 0.421, p � 0.029), meaning that a lack of VEGF
severely impairs angiogenesis of the refluxing ureter and
subsequently limits its blood supply.

DISCUSSION

The ureteral valve mechanism consists of an active and a
passive part. Muscular and neuronal integrity of the intra-
vesical ureter and the trigone is the anatomical basis of the
active antireflux component. Additionally, passive compres-
sion of the roof of the distal ureter during filling and voiding
is thought to provide supplementary safety.1–3

Primary refluxing ureters exhibit severe structural and
metabolic anomalies. The smooth muscle coat that is neces-
sary for symmetrical contraction, coordinated peristalsis
and efficient occlusion is profoundly affected.2–4 In this
study all specimens were lacking an intact smooth muscle
wrap, which was replaced by collagenous extracellular ma-
trix. Thus, increased rigidity of the ureteral wall further
deteriorates active muscular contraction.

Clinically, the intraluminal pressure at the UVJ is se-
verely reduced in primary VUR, accompanied by uncoordi-
nated electrical activity and impaired smooth muscle con-
tractions.12 Furthermore, refluxing specimens were
significantly lacking peripheral nerve supply with reduced
intramural ganglionic cells, aggravating muscle function
and development.3,4 Intercellular coupling of smooth muscle
cells is also thought to be impaired due to a significant
decrease of gap junction protein connexin 43.4 However, at
present there are only speculations on the etiology of the
aforementioned alterations.
FIG. 6. Overall VEGF expression (cells per HPF) in healthy controls
and primary VUR.
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Interestingly, refluxing ureteral specimens display some
typical features of ischemic tissues, including connective
tissue enhancement, and loss of neural and muscular ele-
ments.5–8,13,14 Accordingly, overall MVD is markedly re-
duced, probably impairing ureteral blood supply. Not only
are those regions lacking the muscular coat affected, but
also macroscopically intact areas are subjected to altered
microperfusion, permitting a progressive process. Microves-
sel density is closely correlated with real time tissue perfu-
sion, allowing conclusions on the in vivo situation.10

There has been increasing evidence that ischemia and
reperfusion are major etiological factors in the progression of
bladder and ureteral dysfunction associated with outlet ob-
struction.5–8,13,14 Immediately secondary to ureteral liga-
tion there is a demonstrable decrease in blood flow, while the
distal part is affected the most.8 These effects are explained
by the rapidly increasing wall tension simply compressing

FIG. 7. Vascular endothelial growth factor expression in intravesi-
cal ureteral wall (reduced from �400). A, 18-month-old girl with
grade IV VUR exhibits few VEGF positive cells. B, healthy 5-year-
old boy with widely detectable VEGF production. Arrows indicate
VEGF positive cells.
the feeding vessels. However, there are also long-term conse-
quences from progressive ischemia, such as aberrations in
urothelial permeability, muscle contractility, muscle-to-fibro-
blast ratio and increased extracellular matrix content.5–8,13,14

To our knowledge this study is the first to demonstrate an
association between ischemia and primary VUR. In second-
ary VUR due to bladder outlet obstruction ischemia has
been observed to be an important etiological factor deterio-
rating bladder and ureteral function, while the sequence of
ischemia and subsequent reperfusion injury is particularly
harmful.14,15 These deleterious effects are mainly mediated
by free radicals and associated reactive oxidative spe-
cies.14,15 Additionally, protective enzymes such as superox-
ide dismutase are suppressed secondary to ischemia.16 Cel-
lular calcium levels increase greatly, further activating
proteolytic and hydrolytic enzymes.5–7,14–16 Thus, addi-
tional structural degradation is promoted. At first, neuronal
and synaptic membranes are destroyed, severely impairing
peripheral nerve signal transduction.14–16 Consequently, co-
ordinated peristalsis requiring a precise succession of con-
traction and relaxation is likely to be malfunctioning.

Under physiological circumstances ischemia strongly pro-
motes VEGF production.11,17 However, in cases of primary
VUR VEGF and MVD are concomitantly decreased and
strongly correlated to each other. Hence, it is not excluded
that primary dysfunction of the VEGF pathway is causative,
while reduced MVD may be of a secondary nature.

Vascular endothelial growth factor is secreted by muscle
or endothelial cells in an autocrine fashion, protecting them
from stress conditions such as stretch and hypoxia.11 Even
under normal conditions cyclic bladder filling leads to
stretch and temporary blood flow reduction, suggesting a
protective role for VEGF.13 Therefore, a lack of VEGF may
directly contribute to smooth muscle disappearance, as is
seen in primary refluxing ureteral endings.2,3 The potential
role of VEGF in the pathogenesis of ureteral dysfunction is
further corroborated by the fact that it exerts important
guiding activities on the neuronal system.11 Vascular endo-
thelial growth factor stimulates axonal sprouting.11,18

Knockout animals display disorganized nerve pathways, un-
derlining the relative importance of VEGF for peripheral
nerve sprouting.11 A severely altered VEGF metabolism cor-
responds to the low abundance of nerve endings in primary
refluxing ureteral ostia, impairing the active valve mecha-
nism.3,4
FIG. 8. Ureteral architecture and VEGF production (cells per HPF)
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Most importantly, VEGF is involved not only in periph-
eral nerve guidance, but also in the regulation of intercellu-
lar signaling via gap junctions.19 Gap junctions allow rapid
signaling.4 Connexin 43 is a major constituent of gap junc-
tions. Its distribution is directly regulated by VEGF. In-
creased stretch immediately up-regulates connexin 43 ex-
pression via an autocrine VEGF pathway.19 Thus, a
reduction in VEGF will also decrease connexin 43 density
and gap junction signaling.4 Vascular endothelial growth
factor is a key factor regulating tissue growth, nerve coordi-
nation and gap junction metabolism.11

At present we cannot determine the time course of ure-
teral VEGF production and MVD because sequential studies
in humans are not achievable. Therefore, we can only hy-
pothesize on the nature of those microvascular alterations.
Regarding the findings of other authors, altered MVD may
be a consequence of a dysregulated VEGF pathway.11,17

Physiologically, tissues respond to ischemia activating the

FIG. 9. Smooth muscle texture and VEGF (reduced from �400). A,
VEGF is more abundant within relatively dense muscle bundles in
4-year-old boy with grade II VUR. B, VEGF is hardly seen in
connective tissue areas in 5-year-old girl with grade III VUR.
VEGF cascade.11,17 Hence, in primary VUR smooth muscle
cells may not adequately react to hypoxia, further impairing
the blood supply.

A congenital reduction of VEGF and MVD cannot be
clearly discriminated from acquired alterations occurring
during growth or tissue remodeling. However, primary VUR
is considered to be a congenital disease due to dysplasia of
the UVJ. Dysplastic tissues frequently display defects in
their growth factor metabolism, further influencing growth
capacities.20 Consequently, it appears conceivable that
VEGF is not sufficiently expressed in congenital VUR, ef-
fecting the aforementioned structural alterations. Neverthe-
less, further studies investigating the cytokine network and
its relation to VEGF, as well as to the extracellular micro-
environment, are needed to elucidate the pathophysiology of
primary VUR.

CONCLUSIONS

The distal most intravesical ureter typically lacks the cir-
cumferential muscle coat, impairing the active antireflux
mechanism.2 Additionally, peripheral nerve supply and in-
tramural ganglionic cells are critically diminished, while
collagenous extracellular matrix replaces the smooth mus-
culature.3,4 These changes lead to increased rigidity and
contractile dysfunction. These metabolic and structural
modifications are accompanied and potentially caused by a
significant deterioration of tissue angiogenesis. Vascular en-
dothelial growth factor expression and subsequent MVD are
significantly reduced in refluxing ureteral endings. Poten-
tially, overall microperfusion may be impaired, leading to
tissue ischemia.9,10 Chronically diminished ureteral perfu-
sion and its pathophysiological sequelae could induce and
support smooth muscle dysfunction as well as subsequent
extracellular matrix remodeling, including increased colla-
gen deposition.5–8,13–16 Defective angiogenic cascades may
influence the aforementioned ongoing functional and struc-
tural alterations, further deteriorating the active valve
mechanism of the UVJ and causing primary VUR.

Abbreviations and Acronyms

HPF � high power field
MVD � microvessel density
UVJ � ureterovesical junction

VEGF � vascular endothelial growth factor
VUR � vesicoureteral reflux
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