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ABSTRACT

Aims: To determine whether α1-blocker treatment, in chronic bladder outlet obstruction (BOO), influences bladder tissue 
ischemia.
Materials and Methods: This prospective study included 60 patients with BOO, of which 40 were under α1-blocker 
medication and 20 without treatment. Patients underwent transurethral resection of the prostate (TURP) or suprapubic 
prostatectomy (SPP). Ten patients with non-muscle invasive bladder cancer underwent transurethral resection of the blad-
der tumor and served as the control group. Tissue specimens were immunohistochemically stained for hypoxia inducible 
factor-1α (HIF-1α).
Results: Bladder tissue from obstructed subjects showed high immunoreactivity to HIF-1α. The specimens from the control 
group, showed no or weak, mainly cytoplasmic immunoreactivity to HIF-1α. Patients under α -blocker treatment did not 
differ in the number of HIF-1α positive cells compared to subjects with no treatment (median number 86.8 [20-150] and 
88.6 [0-175], respectively) (p > 0.05). The lowest bladder pressure at which HIF-1α was up regulated, was detected at 
detrusor pressure Qmax (PdetQmax) = 60 cm H2O.
Conclusions: Treatment with α-blockers in obstructed patients considered as non-responders, does not result in HIF-1α 
down regulation, thus bladder continues to be under chronic stress.
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INTRODUCTION

 First line treatment in patients with bladder 
outlet obstruction (BOO) is alpha1-adrenoreceptor 
antagonists (1). However, their contribution is limited 
mostly in alleviating benign prostatic hyperplasia 
(BPH) symptoms rather than influencing disease 
progression, which is manifested as acute urinary 
retention or the need for invasive therapy (2).
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 There is evidence based on non-obstructed 
experimental models, that during the emptying phase, 
bladder pressure increases while oxygen wall tension 
decreases and returns to premicturition levels, shortly 
after voiding is completed. In the obstructed animal 
model however, the pressure generated is much higher 
and the bladder wall remains ischemic for several 
minutes even after micturition has ended (3). In BOO, 
blood flow to the bladder is inversely related to fill-
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ing, leading to severe hypoxia and consequent further 
damage to the detrusor (4).
 Tissue hypoxia can be evaluated by measuring 
the levels of hypoxia inducible factor-1α (HIF-1α). 
HIF-1α is a multipotent protein activated in cells 
when they are under low oxygen tension, and func-
tions as cellular regulator of oxygen. Its multipotency 
is demonstrated by its crucial role in angiogenesis 
through vascular endothelial growth factor (VEGF) 
up-regulation and the regulation of cellular metabolism 
in diseases such as stroke, heart attack and cancer, 
which generate a hypoxic microenvironment (5). The 
close association of hypoxia and HIF-1α has been 
established in previous reports (6,7), and this associa-
tion provides the rationale of using this protein as a 
credible hypoxia marker. Yet, there is evidence of HIF-
1α induction by non-hypoxic stimuli such as several 
growth factors, coagulation factors, vasoactive pep-
tides, cytokines, metal ions or even mechanical stress 
(8). However, the pathway of their effect is based on 
reactive oxygen species production, which somehow 
counterintuitive is up-regulated by hypoxia (9,10). 
Thus, independently of the type of stimulus, it seems 
that hypoxia is strongly related to HIF-1α synthesis.
 To our knowledge, there are no reported stud-
ies on the effect of α1-blockers in bladder metabolism 
and tissue hypoxia in patients with BOO and chronic 
obstructed bladders, respectively. We made the hy-
pothesis that since α1-blockers used in BOO do not 
alleviate dramatically obstructive parameters, they 
would not impact on bladder tissue hypoxia. The aim 
of the present study was to examine tissue distribu-
tion of HIF-1α in patients with BOO under α1-blocker 
medication, using urodynamic parameters and tissue 
immunohistochemical staining.

MATERIALS AND METHODS

Patient Baseline Characteristics

 This prospective, non-blinded study took 
place from September 2004 to December 2006, 
including 60 patients with lower urinary tract symp-
toms (LUTS) suggestive of BOO secondary to BPH 
(study group), who all provided informed consent. 

Ten patients with non-muscle invasive bladder can-
cer scheduled for transurethral resection (TUR-BT), 
without BOO or LUTS served as control group. 
Detrusor tissue was retrieved from normal appearing 
urothelium distant from the bladder cancer and the 
absence of cancer was verified microscopically.
 Patients in the study group underwent detailed 
medical history, physical examination and urinalysis with 
laboratory blood tests. LUTS were classified according 
to International Prostate Symptom Score (IPSS). Maxi-
mum flow rate (Qmax), post void residual volume (PVR), 
serum PSA and prostate volume (Vpr) were determined. 
Indications for surgery were IPSS > 20, flow rate less 
than 15 mL/sec and a history of acute urinary retention. 
In the 20 patients with BOO without receiving treatment, 
we performed urodynamic evaluation prior to surgery. 
The lowest detrusor pressure at max flow (PdetQmax), 
maximum detrusor pressure (Pdetmax) and detrusor 
closure pressure (PdetCL) were recorded.
 The study group was further divided in those 
patients who were under tamsulosin 0.4 mg (40 patients) 
and those who were not (20 patients). The two subgroups 
were well balanced regarding age, IPSS, Vpr and other 
comorbid conditions, (diabetes, hypertension, smoking, 
high cholesterol). Exclusion criteria in the study cohort 
comprised recurrent urinary tract infection, bladder 
lithiasis, low hematocrit level, and previous surgery 
to the bladder or the prostate. Exclusion criteria in the 
control group included IPSS > 7, recurrent urinary tract 
infections, high volume disease, suspicion of in situ 
carcinoma, and previous TUR-BT.

Tissue Procurement and 
Immunohistochemistry

 Bladder tissue was easily retrieved in patients 
who underwent suprapubic prostatectomy  whilst, in 
patients who underwent a TURP, a cold cup biopsy 
was done in order to avoid thermal damage to the 
specimens. Tissue was always retrieved from the dome 
of the bladder. Tissue samples were fixed in buffered 
formalin. Paraffin-embedded sections were stained 
with standard hematoxylin and eosin. The primary 
antibody used for immunohistochemistry was anti-
HIF-1α (Chemicon Inc., Tenecula, CA format: Purified 
immunoglobulin, clone: Chemicon MAB 5382 - anti-
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body specificity: HIF-1α, immunogen: fusion protein 
from amino acids 432-528 of human HIF-1α, isotope: 
IgG2b) and was applied at a dilution of 1:200.
 Antigen retrieval was performed by heating 
the slides with citrate-buffered solution in microwave 
oven for 5 minutes in two cycles. Envision (Dako, 
Denmark) was used as secondary antibody. Finally, 
diaminobenzidine was applied as chromogen and the 
slides were slightly counterstained with hematoxylin. In 
substitute negative controls, the primary antibody was 
omitted and replaced by phosphate-buffered saline.
 Two pathologists unaware of the clinical data 
performed the assessment of staining. Where results 
were equivocal, the slides were jointly re-examined 
for a final consensus. A minimum of twenty randomly 
selected, high-power fields through the whole section 
was examined and not quantitative histology software 
was used.
 The assessment of HIF-1α was based on a previ-
ously described method (11). HIF-1α immunoreactivity 
was expressed in nucleus and cytoplasm of stromal cells. 
The assessment of staining was carried out according to 
the number of positive cells and staining distribution. 
Specimens were grouped into high and low HIF-1α 
reactivity using a cut off point of 80 reactive cells/slide, 
which represents the lowest 95% CI value.

Statistics

 Data were analyzed through descriptive 
statistics and for statistical reasons the categorical 
nature of HIF-1α staining was used. Chi-square test 
was used to test statistical significance in categorical 
variables and odds ratios to quantify the strength of 
association. Differences of categories were evaluated 
with Kruskall-Wallis and analysis of variance when 
appropriate, Mann-Whitney-U and Student’s-t-test 
were used to estimate differences among groups.

RESULTS

 The examined baseline parameters of the 
patients are listed in Table-1. Differences between 
patients under α1-blocker medication (n = 40) and 
without medication (n = 20) in terms of age, IPSS, 

Vpr, PVR, and Qmax were not statistically significant. 
The risk, however, to present at least one episode of 
acute urinary retention, was 3-fold more probable in 
patients who never used α1-blockers (p = 0.044) OR = 
3.439 (95 % CI 1.05-11.06). Subjects under α-blocker 
treatment were obstructed for a shorter period [mean 
3.82 ± 4.11 vs. 6.14 ± 4.33 years (p = 0.019)], which 
reflects the time receiving medication.
 Bladder tissue from obstructed subjects 
showed high immunoreactivity to HIF-1α (mean 
number of total positive cells 88 ± 48.1), which was 
diffusely distributed among positive cells and was 
mainly nuclear and only weakly cytoplasmic (Figure-
1). The specimens from the control group, showed 
no or weak, mainly cytoplasmic immunoreactivity 
to HIF-1α (< 0-2 ± 0.0) (Figure-1). Cells expressing 
HIF-1α, both from obstructed and control group pa-
tients (in control group when present) were stromal 
cells located in different proportions between muscle 
bundles and submucosa, while the urothelium and 
the detrusor muscle did not show any kind of immu-
noreactivity. The difference among study cohort and 
control group was significant (p < 0.001).
 The two groups did not differ in the number 
of HIF-1α positive cells, (mean number 88.6 ± 49.6 
in those under medication, 86.8 ± 45.8 in the later) (p 
= 0.78). Stromal cells exhibited strong positive stain-
ing for HIF-1α, in both its nuclear and cytoplasmic 
components.
 Twenty patients underwent urodynamic eval-
uation; the characteristics are summarized in Table-2. 
Nine patients were characterized as low immunoreac-
tivity and 11 as high reactivity according to HIF-1α 
positive cells. The 2 groups did not differ regarding 
age, IPSS, Vpr, PSA, PVR and Qmax. No difference 
was detected among urodynamic parameters between 
the two groups, while the lowest bladder pressure 
at which HIF-1α was up-regulated was detected at 
PdetQmax = 60 cm H2O, which corresponded at high 
HIF-1α protein expression (PdetQmax 101.1 ± 29.1 
range 60-130 cm H2O) (Table-2).

COMMENTS

 In the present study, HIF-1α expression was 
higher in subjects with BOO than controls, demon-
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strating that obstructed bladder becomes hypoxic, 
as previously reported (12). The authors suggested 
that bladder stromal cells were those to perceive low 
oxygen tension, while the detrusor and the urothelium 
seems to be more resistant.
 Another important finding is that HIF-1α 
protein expression is the same among patients under 
treatment with α1-blockers who are finally operated 
and those without treatment, giving evidence that 
medication did not influence tissue hypoxia in chronic 
BOO. The role of α1-blockers in bladder metabolism 
and hypoxia has not been previously investigated, 
even though several papers have been published re-
garding the role of this medication on bladder function 
(1,2).
 Study group and control group were well bal-
anced regarding age, IPSS, Vpr and other comorbid 
conditions, in an effort to avoid bias between the two 

groups, on factors that could influence tissue hypoxia 
(diabetes, hypertension, smoking, high cholesterol) 
(13). Chronic tissue ischemia results in detrusor 
smooth muscle replacement with collagen, followed 
by impaired contractility and overactivity with loss 
of bladder compliance (14).
 However, the same changes are observed in 
chronic BOO, with detrusor dysfunction and tissue 
hypoxia being the result of high intravesical pressure, 
generated to overcome the resistance to flow. Bladder 
blood flow decreases during filling along with the rise 
of intravesical pressure. Before voiding, intravesical 
pressure increases, while bladder neck relaxes and the 
resistance to flow drops; a plateau phase is reached, 
where intraluminal pressure remains constant to 
achieve complete emptying. In BOO, this phase is 
prolonged and voiding may still be complete, at the 
cost, however, of tissue ischemia. In experimental 

Table 1 – Characteristics of the patients.

Under Alpha-Blocker 
Treatment

mean ± SD (range)

Without Treatment
mean ± SD (range)

Control p Value

HIF-1α positive cells (N)    86.84 ± 45.82
(20-150)*

88.60 ± 49.69 (0-175)* 0-2 0.001

Age (yrs.) 69.55 ± 4.2
(60-75)*

67.86 ± 9.09
(48-86)*

59.6 ± 
(56-73)

0.076

IPSS        19 ± 7.96
(7-35)*

22.59 ± 6.1
(10-35)*

5.88 ± 0.8
(5-7)

0.001

Vpr (cc3)     79.15 ± 25.29
(43-130)

73.82 ± 28.99 (35-136) 63.4 ± 15.25
(52-90)

0.439

Time of BOO (yrs)     3.82 ± 4.11
(1-10)

6.14 ± 4.33
(1-15)

- 0.019

PVR (mL/)   230.91 ± 114.5
(80-250)*

180.59 ± 110.21
(10-300)*

5.75 ± 8.95
(0-25)

< 0.001

Qmax (mL/s)     5.89 ± 3.21
(2.01-12.4)*

6.41 ± 4.65
(2.2-15.6)*

19.88 ± 3.64
(15-25)

0.001

Acute urinary retention (N)
Yes
No 15

25
13
7

0.044
OR = 3.439

(95 % CI 
1.052-11.069)

HIF-1α = hypoxia inducible factor, yrs = years; Vpr = prostate volume; PVR = post void residual volume Qmax = maximum flow rate;     
NS = non significant; OR = odds ratio; CI = confidence interval.* p < 0.05 with control group.
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models with obstructed animals, during the voiding 
phase, bladder wall blood flow decreases to the same 
extent as in the non-obstructed animals. Nevertheless, 
since emptying is sustained, significant detrusor hy-

poxia occurs and detrusor pressure becomes the main 
determinant of blood flow (15).
 Pinggera and colleagues measured blood per-
fusion in arteries in the bladder neck and the prostate 

Figure 1 – Staining for HIF-1α (brown color) observed in stromal cells of the bladder wall. A) Negative staining in controls, B) Strong 
positive staining in obstructed patients receiving alpha-blocker, C) Obstructed patients without treatment exhibiting similar staining to 
B, and D) Prominent cytoplasmic and nuclear staining in a patient with bladder outlet obstruction (A, B, and C X100, D X400).

A B

C D

Table 2 – Urodynamic parameters according to HIF-1α immunoreactivity.

Low intensity
median ± SD (range)

high intensity
median ± SD (range)

p Value

PdetQmax (cm H2O) 100. 50 ± 32.23 (71-154) 101.14 ± 29.19 (60-130) 0.85
Pdetmax (cm H2O) 116.00 ± 40.17 (82-166) 127.57 ± 54.9 (63-220) 0.72
PdeCL (cm H2O)   64.0 ± 25.26 (20-81)  81.83 ± 32.9(17-186) 0.76
Qmax (mL/sec)     5.97 ± 3.50 (1.7-10.2)       5.54 ± 4.70 (2.0-15.6) 0.56

PdetQmax = Detrusor pressure at maximum flow rate; Pdetmax = Maximum detrusor pressure; PCL = Detrusor closure pressure; 
Qmax = Maximun flow rate;  intensity = cut off point of 80 reactive cells/slide which represents the lowest 95% CI value.
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at different filing volumes using Doppler ultrasound, 
while they assessed the influence of α1-blockers in 
the perfusion of the same arteries during filling. They 
concluded that perfusion is reduced in LUTS patients 
and increases to almost normal levels after α1-blocker 
treatment, suggesting that treatment improved perfu-
sion in the lower urinary tract (16). However, in the 
aforementioned work, blood flow at the dome and the 
posterior wall was not investigated, while perfusion 
was not measured during bladder emptying. The ves-
sels that authors measured for perfusion were in the 
bladder neck and prostate and not those that travel 
in bladder wall (17), the vessels in the trigone are 
arranged in a looser network with more uniform and 
larger diameter (18). Therefore, there is no definite 
conclusion that treatment with a-blockers improved 
perfusion in the hall bladder.
 In human bladders without obstruction, 
there is a 2-fold increase in bladder blood flow as-
sociated with filling, compared to the empty state, 
as measured with laser Doppler in the posterior wall 
(17). It seems that the posterior wall and the dome of 
the bladder are more vulnerable to bladder pressure 
(17,18). The investigators also found that bladder 
blood flow reaches peak at detrusor pressure of 23 
cm H2O. On the other hand, blood flow is decreased 
to approximately 1.2 times the base line flow, in 
detrusor pressure of 43 cm H2O, which is measured 
at maximum cystometric capacity. However, despite 
the high pressure, it remains higher compared to the 
empty state. Additionally, those with decreased blad-
der compliance had lower perfusion at empty bladder, 
a smaller increase of blood flow with filling, and a 
lower perfusion at maximum cystometric capacity. 
Nevertheless, in this work it could not be addressed 
whether the causative factor for the low compliance 
was ischemia or the exact opposite (17). As the au-
thors state, bladder perfusion still remains normal 
even at intraluminal pressure of 43 cm H2O which 
corresponds to filling at the maximum cystometric 
capacity. In obstructed patients, however complete 
voiding requires much higher pressures.
 Recently it has been described that HIF-1α 
expression was higher in patients with retention. It is 
known that urodynamics performed shortly after an 
episode of retention shows a decompensated bladder 
with intravesical pressures not exceeding 20-30 cm 

H2O. After a period however of 11 to 50 days detru-
sor regains its function and can generate intravesical 
pressures  at maximum flow even of 81.6 (35.2) cm 
H2O (17). It is common practice to wait at least sev-
eral weeks after an acute episode of urinary retention 
before performing surgical treatment for BOO, since 
prostatectomy immediately after such episode is as-
sociated with higher morbidity and mortality (19). 
Acute detrusor decompensation on the other hand and 
post void residual is a consequence of depletion of 
energetic reserves and HIF-1α is known to participate 
in the cellular metabolism  by inducing enzymes in 
the glycolitic pathway (12). These results may explain 
why HIF-1α was found up-regulated in patients with 
retention as in our cohort of patients.
 In the present study, tissue specimens were 
obtained from the dome of the bladder, since during 
filling the dome has the lowest perfusion. There-
fore, we hypothesized that hypoxia would be more 
pronounced at this location (20). We also used uro-
dynamics to identify the lowest bladder pressure at 
which HIF-1α is up-regulated, although this was not 
possible. In our patients, the lowest detrusor pressure 
to detect HIF-1α was at 60 cm H2O and corresponded 
to a high protein expression. Furthermore, there was 
no difference among urodynamic parameters between 
high and low reactivity patients. The expression of 
HIF-1α gives evidence that above the normal detru-
sor pressure for voiding (roughly 20-30 cm H2O) the 
bladder becomes hypoxic.
 The urodynamic effect of α1-blockers has 
been extensively explored in earlier studies. It has 
been found that treatment with α1-blockers increased 
average maximum flow rate to 2.9 mL/s (range 0.9-5.6 
mL/s) and the PdetQmax decreased to average 17.4 
cm H2O (38.2-0.0 cm H2O) from a base line of 85.1 cm 
H2O (range 70-100.4 cm H2O) to 67.1 cm H2O (range 
39.7-93 cm H2O), but this interval is always above 
normal detrusor pressure, for non obstructed voiding 
(17-21). Patients in these studies however, experi-
enced marked symptomatic improvement as assessed 
by IPSS, although still remaining obstructed. This 
may explain why these medications do not influence 
disease progression as defined by the need for invasive 
treatment and acute urinary retention (2). Recently, 
Barendrecht and associates questioned the fact that 
α1-blockers improve LUTS by reducing BOO. In this 
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work, BOO index improved only slightly compared to 
IPSS and maximum flow, so the investigators stated 
that these medications function differently than relax-
ing prostate smooth muscle (22).
 Our study is not without drawbacks. Firstly, 
we used immunohistochemistry to characterize blad-
ders as hypoxic rather than quantify the levels of 
HIF-1α. Immunohistochemical evaluation of tissue 
protein expression is susceptible to intraobserver and 
interobserver variability, however, quantification of 
the HIF-1α is not necessary for the evaluation of hy-
poxia, since we used the categorical nature of HIF-1α 
protein expression in order to minimize, as possible, 
the aforementioned limitations. Additionally, we used 
HIF-1α as a marker of tissue hypoxia, despite the fact 
that it can also be induced in non ischemic tissues. 
HIF-1α accumulates in myocytes as an early response 
to mechanical stress in hearts with diastolic pressure 
increase, followed by enhanced expression of VEGF 
genes. Similarly, in obstructed bladders, HIF-1α may 
also be induced by mechanical stress. Even if this is 
the case in BOO, treatment with α-blockers does not 
decrease bladder wall tension to preobstructed levels 
giving a further stimulus to HIF-1α induction. It would 
be interesting to verify if HIF-1α levels normalize 
after the obstruction is relieved. We are also aware 
that urinary retention may affect HIF-1α expression 
to those not receiving α1-blocker treatment (12).

CONCLUSIONS

 Treatment with α-blockers in obstructed pa-
tients does not seem to result in HIF-1α down-regu-
lation. It is likely that once obstruction has settled, 
medication does not change bladder metabolism, 
which continues to be under chronic stress. Further 
studies are needed to confirm the present results, and 
clarify the role of α1-antagonists on bladder homeo-
stasis in chronic BOO.
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EDITORIAL COMMENT

 Benign prostatic obstruction will induce 
bladder hypoxia, which could be detected by eleva-
tion of bladder tissue HIF-1-α . The authors studies 
the effects of α-blocker treatment on bladder HIF-1-α 
regulation during lower urinary tract obstruction and 
concluded that α blocker has no effect on bladder 

tissue HIF-1-α  expression. It is an interesting study, 
but some bias from the current groups need to be 
cleared.
 As all of the biopsy patients are alpha-blocker 
non-responder, I would contend that the responders 
may show lower HIF-1 α  than the non-responder.
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 By means of laser Doppler flowmeter, Lin 
et al. demonstrated that the obstructed bladders from 
rabbits with partial outlet obstruction had signifi-
cantly lower blood flow than the ischemic bladders 
(1). After 8 weeks partial outlet obstruction, bladder 
from rabbits with supplement of L-arginine showed 
significantly greater contractile function compared 
with the no-treatment group (2). The study demon-
strated that increasing blood flow by stimulating nitric 
oxide synthase significantly protected the bladder 
from partial bladder outlet obstruction dysfunctions. 
Therefore, the patients with lower urinary tract ob-
struction might still be able to get partial recovery of 
bladder flow, reverse of ischemia change, and improve 
bladder function through some therapy.
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EDITORIAL COMMENT

 This well written paper offers new insight 
novel mechanism of action α-blocker treatment my 
have on the obstructed bladder. This study lends 
further evidence that α-blocker’s benefit in cases of 
bladder outlet obstruction (BOO) may be more on the 
bladder than urethral outlet.
 George and associates from Athens assessed 
whether α1-blocker treatment, in chronic BOO, influ-
ences bladder tissue ischemia. They studied 60 pa-
tients with BOO, 40 with and 20 without α1-blockers, 
respectively. At time of transurethral or suprapubic 
prostatectomy, bladder biopsies were taken for im-
munohistochemically stained for Hypoxia Inducible 
Factor-1α (HIF-1α). Ten patients with non muscle 
invasive bladder cancer underwent transurethral re-
section of the tumor served as control group.

 This study found that HIF-1α expression was 
higher in patients with BOO than controls, demon-
strating that obstructed bladder becomes hypoxic. 
Another important finding is that HIF-1α protein 
expression is the same among patients under treat-
ment with α1-blockers who are finally operated and 
those without treatment. It is likely that once obstruc-
tion has settled, medication does not change bladder 
metabolism, which continues to be under chronic 
stress. Further studies are needed to clarify the role 
of α1-antagonists on bladder homeostasis in chronic 
obstruction.
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