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Abstract Patients with vesicoureteral reflux (VUR) 
often develop reflux nephropathy with focal segmental
glomerular sclerosis (FSGS), although the exact mecha-
nisms leading to the development of this complication
are unknown. To determine the early changes in glomer-
uli of VUR patients that ultimately cause poor renal out-
come, we examined morphometrically renal biopsies of
16 young patients (age 10–20 years) with VUR at base-
line pre-operatively. Patients were divided into two
groups, those who subsequently showed good prognosis
and those with poor renal prognosis at the end of a 
10-year follow-up period. Patients with poor prognosis
had worse proteinuria and lower creatinine at baseline
than those with good prognosis. We also examined 40
age-matched control cases with previous temporal mi-
crohematuria and/or proteinuria but normal renal func-
tion and histology. Although the mean diameter of glom-
erular capillary did not change in VUR cases irrespective
of prognosis, glomerular capillary length increased by
125% in cases with good prognosis, and 335% in cases
with poor prognosis (P<0.01). Cystically expanded 
capillaries, with diameter ≥95% of that in age-matched
control, were detected in five of eight patients with 
poor prognosis, but only in one of eight patients with
good prognosis. In VUR, the number of podocytes/capil-
lary diminished with increased length of the capillaries.
Tuft adhesion to Bowman’s capsule and podocyte de-
tachment were primarily found in patients with poor
prognosis. Our results suggest that lengthening of glom-
erular capillaries in young patients with VUR is a com-
pensatory reaction to hyperfiltration. The appearance of
cystic capillary expansion, podocyte detachment and/or

tuft adhesion to Bowman’s capsule in such glomeruli
may be important indicators of renal prognosis in pa-
tients with VUR. These changes may lead to FSGS due
to podocyte injury in patients with VUR, with subse-
quent deterioration of renal function.
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Introduction

Vesicoureteral reflux (VUR) in children is due to an in-
herited defect of the ureter or vesicoureteric valve. The
condition is often associated with various complications
such as urinary tract infection [1,2], which result in renal
tissue damage including nephron scarring [3], collective-
ly known as reflux nephropathy (RN) [1, 2]. Most pa-
tients with RN show complete recovery after corrective
surgery [2], although some develop irreversible deterio-
ration of renal function associated with poor prognosis
[4]. While the clinicopathological changes in such pa-
tients have been well characterized, the early pathologi-
cal changes in the glomeruli of patients with VUR are
still unclear.

Previous studies have described two types of glomer-
ular changes in non-scarring renal regions of patients
with RN. These include glomerular hypertrophy [4, 5, 6,
7,8] and focal glomerular sclerosis [4, 6,8]. The former
is more commonly seen and is due to glomerular hyper-
filtration, while the latter is found in patients with ad-
vanced renal pathology [2]. Many previous studies using
animal models of hyperfiltration [9, 10, 11, 12] identi-
fied the possible causes of deterioration of renal func-
tion; however, such mechanisms have not yet been con-
firmed in humans.

In the present study, we have characterized the early
morphological changes in glomeruli in a group of young
patients with VUR and retrospectively followed up these
patients to determine the clinicopathological outcome.
Our results showed that cystic dilatation of glomerular
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capillary induced podocyte injury and detachment,
which strongly influenced renal prognosis in patients
with VUR.

Materials and methods

Patients

Sixteen patients (eight males and eight females) with congenital
bilateral VUR of severity exceeding grade III, according to the In-
ternational Classification for VUR [13], as diagnosed radiologi-
cally using a contrast media and cortical scarring by 99mTc-DMSA
scintigram, were enrolled in the present study. These patients rep-
resented all those admitted to the Department of Urology at 
Fukuoka University Hospital, Fukuoka, Japan, between 1985 and
1995. Open kidney biopsy was performed in all patients just be-
fore cross-trigonal ureteroneocystostomy for VUR. Age at biopsy
was 14.1±3.4 years (mean±SD, range, 10–20 years). Patients were
followed for 10 years after the operation and urinary protein, se-
rum creatinine and creatinine clearance were measured just before
the operation (baseline) and at several time periods throughout the
study. Patients were examined retrospectively after the 10-year
follow-up period. Creatinine clearance of <60 l/day during the
study indicated deterioration of renal function. Accordingly, pa-
tients were designated into those with good prognosis and patients
with poor prognosis (Table 1). Eight cases showed good prognosis
(age 13.7±3.5 years at first biopsy, five males and three females),
while eight patients showed poor prognosis (age 14.8±3.3 years at
biopsy, two males and six females). Age-matched control patients
(age 14.8±2.2 years at biopsy, 19 males and 21 females) were also
included in the study. The latter group consisted of patients with a
history of microhematuria, but showed no serum abnormalities
and had normal blood pressure, and normal renal function and
normal glomerular, tubular, interstitial and vascular structures by
light and electron microscopy and immunohistological examina-
tion for immune complexes and fibulin.

Histopathological examination

Kidney biopsy specimens were routinely examined by light and
electron microscopy and immunofluorescence staining. For light
microscopy, paraffin-embedded sections were stained with hema-
toxylin-eosin, periodic acid-Schiff and periodic acid-methenamine
silver (PAM) staining. Frozen sections were used for direct immu-
nofluorescence staining using antisera for immunoglobulins (IgG,
IgM, IgA), complements (C3, C1q) and fibrinogen. For electron
microscopy, biopsy samples were fixed with 1.4% glutaraldehyde,
post-fixed with osmium tetroxide, and embedded in Epon resin.
Ultrathin sections were double-stained with lead citrate and uranyl
acetate and examined under an electron microscope (100-CX,
JEOL, Japan).

Morphometric analysis of glomeruli

Light microscopic images of round or oval-shaped glomeruli
(more than 20 glomeruli, original magnification: ×400) stained by
PAM staining containing both the poles of blood vessels and tu-
bules (Fig. 1), and free of sclerotic lesions, were digitized using a
video grabber (3-CCD CS 5520, Tokyo Electric Industry, Tokyo).
Digitized images (final magnification: ×400, resolution: 200 
pixels/inch) were analyzed using a digital-tablet (Wacom, Tokyo)
for determination of the following parameters using NIH image
analysis software (ver. 1.61; NIH, Bethesda, Md., USA). In brief,
after digitization of a glomerular image, the outline of the glomer-
ulus was manually traced on the digital tablet, and the area was
computed by the image analysis software. For measurement of
glomerular diameter, we set circular scales over the glomerulus,
and obtained the maximum and minimum diameters of the glo-
merulus. For loop diameter, we selected opened lumens but ex-
cluded deformed and/or shrunken lumens. The following parame-
ters were also computed in each case:

1. Glomerular diameter: the average of the major and minor axes.
2. Glomerular area (AG): the area of the traced glomerulus image.

We also determined the diameter and number of capillary loops.
For measurement of the diameter of capillary loops, we selected
opened capillaries but excluded capillaries with diagonal lumens
and those with deformed lumens.

3. Number of capillaries (Ncap): counting of capillary lumens ex-
cluding artificially deformed lumens within the glomerulus.

Table 1 Clinical data of VUR
patients with good and poor
prognosis. Data were obtained
at the time of surgery and end
of the follow-up period

Good prognosis Poor prognosis

Baseline Last Baseline Last

Urinary protein (mg/day) 34.8±34.0 27.8±39.2** 514±572* 993±1084*,**
Creatinine-clearance (l/day) 131.0±48.6 117.1±30.2 65.7±27.8** 46.7±24.7**
Serum creatinine (mg/dl) 0.9±0.3** 1.8±2.1 0.4±0.1** 0.6±0.1Values are mean±SD

*P<0.05, **P<0.01

Fig. 1a–c Representative glomeruli of VUR and control subjects.
a Control (male, 17 years), b VUR with good prognosis (male, 
16 years), c VUR with poor prognosis (male, 18 years). Original
magnification: ×300
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4. Diameter of open capillaries: the average of the minor axis of
selected capillary loops with opened lumen (65–140 capillar-
ies/glomerulus).

We also calculated the mean glomerular tuft volume and glomeru-
lar capillary length by using the methods of Weibel [14]. The
glomerular tuft volume (VG) was calculated according to the for-
mula.

5. Glomerular volume: VG=(β/k)(AG)2/3, where β=1.38 is the
shape coefficient and k=1.1 is the size distribution coefficient
spheres.

Capillary length density (Lvcap) and absolute length of capillaries
per glomerulus of average volume (Lcap) were estimated by using
previously described formulae [14].

6. Glomerular capillary length (Lcap): Lvcap=2×Ncap/(AT) and
Lcap=Lvcap×(VG), where Ncap, the number of capillary pro-
files, and AT, the corresponding tuft area, were determined by
(2) and (3) above.

In each case, intact glomeruli (average 20 glomeruli/case) were
used for measurement of glomerular diameter and area. Among
these, five glomeruli were selected for the measurement of capil-
lary number and diameter. In such glomeruli, the number of po-
docytes (epithelial cells) was also determined by light microscopy
by counting the number of nuclei of podocytes but excluding nu-
clei of inflammatory cells, mesangial cells and endothelial cells in
the field (×400). The number of podocytes (nuclei) per number of
capillaries was calculated by use of item (3) above. All analyses
were performed by three pathologists who were blinded to the
clinical data.

Statistical analysis

All data were expressed as mean±SD. Differences between groups
were examined for statistical significance using unpaired and
paired Student’s t-test, ANOVA, Chi-square test, and linear regres-
sion analysis. Probability less than 0.05 was considered signifi-
cant.

Results

Clinical manifestations

Proteinuria was noted in all VUR patients at the time of
surgery (baseline); however, it was significantly more se-
vere (P<0.01) in patients with poor prognosis than in
those with good prognosis (Table 1). At last follow-up,
the level of proteinuria in patients with good prognosis
showed some improvement, albeit insignificantly, com-
pared to baseline. On the other hand, proteinuria in-
creased by almost two-fold at follow-up in patients with
poor prognosis (P<0.05). Creatinine clearance at base-
line in patients with poor prognosis was lower than 
in those with good prognosis, albeit insignificantly 
(Table 1). Furthermore, it decreased in patients with poor
prognosis after follow-up period, but not in patients with
good prognosis. No difference in serum creatinine level
was found during the observation period or between the
two prognostic groups (Table 1).

Morphometric changes in glomeruli

During maturation process from 10 to 20 years of age in
the control group, glomerular size, including diameter,

area and volume, increased exponentially, and reached a
plateau during 17–20 years (Fig. 2b), although capillary
diameter did not show significant changes (Fig. 2a). 
Table 2 summarizes the mean values of several glomeruli-
related parameters in control subjects and VUR patients
with good and poor prognosis. Glomerular volume was
highest in patients with poor prognosis (significantly
higher than in VUR patients with good prognosis and
control cases). The volume tended to be higher in pa-
tients with poor prognosis than in control cases, albeit
insignificantly (Table 2). A similar trend was also found
in the number of glomerular capillaries (Table 2). Capil-
lary diameter was not different among the three groups

Fig. 2a,b Relationship between age and diameter of capillary and
glomerulus in control patients. a Relationship between age and
capillary diameter. b Relationship between age and glomerular di-
ameter

Table 2 Comparison of various morphometric indexes between
control cases and VUR patients with good and poor prognosis

Control VUR

Good prognosis Poor prognosis

Glomerulus
Diameter 115.6±15.1 120.5±16.7 156±20.4*,**
Area 1.20±0.2 1.57±0.5 3.17±1.1*,**
Volume 1.98±0.4 2.37±0.5 5.54±0.7*,**

Glomerular capillary
Number 65.1±10.0 75.3±20.1 138.2±49.2*,**
Diameter 6.1±0.6 5.0±0.5 5.3±0.4
Length 18.8±5.0 24.3±7.5 61.6±23.5*,**

Values are mean±SD
* P<0.01 in VUR patients with good prognosis
**P<0.01 greater compared to control cases
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(Table 2). However, the total capillary length was long-
est in patients with poor prognosis, followed by those
with good prognosis (Fig. 3b). We also examined the re-
lationship between capillary length and age. The slope of
such relationship was positive in the control (r=0.30) and
patients with poor prognosis (r=0.39, Fig. 3a), but nega-
tive in patients with poor prognosis (r=0.593).

The number of podocytes/capillary correlated nega-
tively and significantly with glomerular capillary length
in VUR patients (P<0.01, Fig. 4). The number of po-
docytes/capillary in patients with poor prognosis (0.44
podocytes/capillary) was significantly (P<0.01) lower
than in patients with good prognosis (0.53 podocytes/
capillary). Furthermore, focally (cystically) expanded
capillaries with a mean diameter exceeding 13.7 µm
[≥225% of the mean diameter of age-matched control
(6.1 µm)] were detected in five of eight patients with
poor prognosis compared to only one patient among
those with good prognosis (Fig. 5). Cystically expanded
capillaries were relatively few in number and did not in-
fluence the mean capillary diameter in each group.

Ultrastructural changes in glomeruli

We also examined electron microscopically at least three
intact glomeruli in each of the control and VUR cases,
and applied morphometric analysis to examine differ-

ences between the groups. Although mesangioprolifera-
tive and sclerotic lesions in glomeruli were not detected
in any case, two pathological changes were found in five
VUR cases with poor prognosis (Table 3). These consist-
ed of podocyte detachment (Fig. 6a) and tuft adhesion to
the Bowman’s capsule (Fig. 6b). These changes were not
seen in control patients and in only one patient with good
prognosis (Table 3).

Fig. 3a,b Capillary length and
relationship with age. a Rela-
tionship between age and
glomerular capillary length/
glomerulus in control cases
with normal renal function
(open circles) and VUR pa-
tients with good prognosis
(closed triangles) and poor
prognosis (closed circles). 
b Glomerular capillary length
in control cases and VUR pa-
tients with good or poor prog-
nosis. Values are mean±SD;
*P<0.01 versus the control

Fig. 4 Relationship between capillary length and podocyte num-
ber/capillary in VUR patients. There was a significant negative
correlation between capillary length and the number of podo-
cytes/capillary in patients with VUR with good prognosis (open
circles) and poor prognosis (closed circles) (P<0.01)

Fig. 5 Appearance of focally expanded capillary segments in
VUR patients with good and poor prognosis. Capillary diameter in
each VUR patients with good and poor prognosis, as shown by
percent of mean capillary diameter of control cases. The appear-
ance of expanded capillary segment is noted in patients with poor
prognosis compared to patients with good prognosis

Table 3 Podocyte detachment and adhesion of capillary tufts to
Bowman’s capsule in VUR patients with good and poor prognosis

Control VUR

Good Poor
prognosis prognosis

Glomerular injury
Podocyte detachment 0 1 4
Adhesion to Bowman’s capsule 0 0 2
Positive cases/total case (%) 0/40 (0) 1/8 (12.5) 5/8 (62.5)*

Data represent number of cases in each group
*P<0.05 versus control and VUR patients with good prognosis



In our selected patients, renal biopsies were obtained
from non-scarring regions of the kidney. FSGS lesions
were not detected microscopically in all cases. Previous
studies have shown that in RN [6, 15] as well as in other
glomerular diseases [14, 16], the development of glom-
erular sclerosis accompanied by severe proteinuria is a
strong predictor of poor renal prognosis. Thus, our pa-
tients were still in an early stage of compensatory glom-
erular hypertrophy rather than in a state of pending scle-
rosis. In such patients, we investigated both early patho-
logical changes in glomeruli and the relationship be-
tween such changes and prognosis.

Yoshiara et al. [8] reported that glomerular hypertro-
phy in young patients with RN (age 5.2–18.8 years) was
associated with a two-fold increase in the tuft area. In the
absence of mesangial proliferation, two processes might
contribute to the development of glomerular hypertro-
phy. These include elongation of capillaries [12] and ex-
pansion of the capillary lumen [11, 17]. Using a rat mod-
el of compensatory renal hypertrophy, Schwartz et al.
[12] demonstrated increased capillary length without an
increase in capillary radius. At young age, glomeruli
may show a strong adaptation capacity [15, 18]. On the
other hand, glomerular hypertrophy is known to aggra-
vate podocyte injury in nephrotic rats [19]. Similar
changes were detected in our study, and there were two
types of young patients with VUR who showed exten-
sive increase in capillary length (Fig. 3b). The present
retrospective study demonstrated that patients who later
showed poor renal prognosis exhibited a larger increase
in capillary length (3.31-fold), compared to patients with
good prognosis (1.25-fold) relative to the respective
length of control. In this regard, capillary length is
known to increase as a result of hyperfiltration, as dem-
onstrated previously in an animal study following ne-
phrectomy [12]. Under these conditions, renal function,
however, remains intact and shows no deterioration [20].

Regression analysis in the present study (Fig. 3)
showed that patients with good prognosis tended to
maintain a stable capillary length among the different ag-
es examined in our study, similar to control subjects. In
contrast, patients with poor prognosis showed an age-
related deterioration of total capillary length. Experimen-
tal studies have shown that functional glomerular hyper-
trophy accompanied by capillary lengthening is often re-
versible following surgery, but the capillary length is not
[12]. Thus, it is possible that the extent of capillary
lengthening in patients with good prognosis may be
within the physiological range of response at young age.
On the other hand, additional mechanisms may be in-
volved in the marked increase in glomerular capillary
length (more than three times) seen in patients with poor
prognosis.

We also examined the effects of increased capillary
length on the number of epithelial cells (podocytes).
Several investigators have postulated that podocytes are
highly differentiated cells and are unable to complete
cell division [9, 21, 22, 23]. Furthermore, their number is
fixed after 5 weeks of age and remains stable during nor-
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Discussion

We have demonstrated in the present study several histo-
pathological changes in young patients with VUR. These
included extensive elongation of glomerular capillaries
accompanied by a corresponding increase in glomerular
volume. Such changes were associated with poor prog-
nosis within 10 years after surgery for VUR. VUR is a
suitable human model for investigating glomerular
changes induced by mechanical stresses, such as hyper-
filtration. Our findings are consistent with previous stud-
ies demonstrating increased glomerular volume in hu-
man cases with RN [4, 5, 6, 7,8]. It has been postulated
that remnant glomeruli can compensate for the collapsed
dysfunctional nephron, resulting in glomerular hypertro-
phy and focal segmental glomerular sclerosis (FSGS) [4,
6, 8] or global sclerosis [2]. However, the exact patho-
logical changes occurring in the glomeruli before the de-
velopment of FSGS in human cases with VUR have not
been previously investigated except for glomerular hy-
pertrophy.

Fig. 6a,b Electron micrographs of glomeruli from VUR patients
with poor prognosis. a Podocytes are denuded (arrowheads) 
from the basement membrane of glomerular capillary loop 
(arrows) in a patient with VUR and poor prognosis (15-year-old
male). CL capillary lumen. ×2000. b The glomerular capillary 
adheres (arrows) to Bowman’s capsule (BC) in a patient with
VUR and poor prognosis (13-year-old male). ×4600
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mal and hypertrophic glomerular growth [21]. It has
been shown that podocytes are responsible for regulation
of albuminuria [10], segmental sclerosis [21], and capil-
lary wall distension [11]. In our study, the number of po-
docytes/capillary correlated negatively with increased
capillary length in cases with VUR. This finding sug-
gests the degeneration or loss of podocytes in VUR pa-
tients with elongated capillary beds. We also examined
the diameter of each capillary in the expanded glomeruli
of VUR cases. Our results showed only few expanded
capillaries (≤10%), but their number was higher in pa-
tients with poor prognosis than in those with good prog-
nosis (Fig. 5). These results suggest that in patients with
poor prognosis, the stress level (probably caused by hy-
perfiltration) might be beyond the threshold of capillary
extension, resulting in severe expansion (more than
twice the normal diameter) in some capillary segments.
Such regions are likely to exhibit podocyte loss. Howev-
er, the exact mechanisms remain unknown.

We also examined for regions showing glomerular in-
jury in our patients, i.e. detachment of podocytes from
the basement membrane and adhesion of capillary tufts
to Bowman’s capsule. These changes (Fig. 6), which are
considered as common initial changes during the devel-
opment of glomerular sclerosis in other glomerular dis-
ease with nephrotic syndrome [19], were frequently de-
tected in VUR patients with poor prognosis but not in
those with good prognosis.

In conclusion, we defined in the present study the ini-
tial glomerular changes in patients with RN induced by
mechanical stress. Our results showed excessive length-
ening of glomerular capillaries and expansion in some
capillary segments in patients with poor prognosis.
These mechanically induced changes in VUR patients
with poor prognosis may subsequently induce podocyte
detachment and adhesion of capillary tufts to Bowman’s
capsule. These initial pathologic changes in the glomeru-
li may be important in the subsequent development of
glomerular sclerosis in patients with VUR.
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