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ABSTRACT Varicocele has been repeatedly im-
plicated as a cause of infertility in selected men,
although neither a causal relationship nor a mechanism
has been documented. The purpose of this investiga-
tion was to create a varicocele model in animals and to
study the subsequent alterations in testicular phys-
iology. Secondary dilatation of the left internal sper-
matic vein was achieved either by partial ligation of the
left renal vein in rats and dogs or by surgical destruc-
tion of the valve of the left testicular vein in a second
group of dogs. 1 mo after partial ligation in the rats and
3 mo after partial ligation or valve destruction in the
dogs, testicular blood flow was measured using
Strontium 85 (SR-85)-labeled microspheres (15+1.1
pm). Intratesticular temperature was measured with a
Bailey needle probe thermometer and biopsies were
obtained for histologic sections. Mean testicular blood
flow in milliliters per minute per 100 g was signifi-
cantly greater in the partially ligated rats; right testis
control 26+2, left testis control 24+2 compared to right
testis experimental 35+3, left testis experimental
35+4 (P < 0.02). Dogs undergoing either partial vein
ligation or valve destruction showed similar increases
in mean testicular blood flow; right testis control 8+1,
left testis control 8+1 vs. right testis experimental
16+3, left testis experimental 18+4 (P < 0.01). The
mean difference between intratesticular and intraperi-
toneal temperature in control rats was significantly
higher (4.02+0.25°C right testis, 3.77+0.14°C left
testis), than rats who underwent partial vein ligation
(right testis 2.14+0.09°C, left testis 2.34+0.12°C)
(P < 0.001). Control dogs also had a significantly higher
mean difference between intratesticular and rectal
temperatures; (right testis control 3.61+0.42°C, left
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testis control 3.60+0.40°C) than the partially ligated or
valve destruction dogs (right testis 2.31+0.17°C, left
testis 2.67+0.32°C) (P < 0.05). In addition, histologic
evaluation revealed abnormalities in spermatogenesis
in some of the animals. Thus, venous dilatation second-
ary to partial vein ligation or testicular vein valve
obliteration is followed by large bilateral increases in
testicular blood flow in these two species. A conse-
quence of this increased flow is an elevation in bilateral
testicular temperature, which it is postulated, leads to
impaired spermatogenesis in some of the animals. In
selected men varicocele may impair spermatogenesis
by a similar physiologic mechanism.

INTRODUCTION

A varicocele is diagnosed in 39% of males evaluated at
infertility clinics and is the most common identifiable
cause of infertility in men (1). Each year ~20,000 men
undergo varicocelectomy in hopes of eliminating a le-
sion about which little is known. The bilateral,
deleterious effects of the unilateral lesion on testicular
histology and semen are well described (2, 3). Elevated
testicular temperature, reflux of adrenal or renal
metabolites, hypoxia secondary to venous stasis, and
hormonal imbalance have been proposed as mecha-
nisms through which spermatogenesis is impaired.
Data to support and refute each of these mechanisms
is available and, consequently, the pathophysiology of
varicocele remains obscure (4-12).

Two reports in the recent literature have shown sig-
nificant elevations in venous pressure in the left testic-
ular vein of patients with varicocele (13, 14). The cause
of the increased venous tension is unknown, but has
been ascribed to the absence or incompetence of
valves, and/or arterial compression of the renal vein
(14, 15). Recently, several investigators have surgically
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achieved varicoceles in monkeys and dogs using partial
ligation of the left renal vein distal to the testicular
vein (16, 17). Kay et al. (18) found sloughing of germi-
nal epithelium, decreased sperm counts, and bilateral
elevation of testicular temperature in monkeys 3 mo
after unilateral partial ligation.

To date, there has been no well-controlled study
examining the effects of unilateral increased testicular
venous pressure on the physiology and morphology
of the testes. In the present study, partial ligation of the
left renal vein or obliteration of the left testicular vein
valve was used to induce varicoceles in two animal
species. After these manipulations, testicular blood
flow, temperature, and histology were determined.

METHODS

Rats

Mature Sprague Dawley rats (weighing 350-500 g) were
obtained from institutional vivarium sources and acclimated
for 1 wk prior to experimental use. Control and experimental
animals were age- and weight-matched.

Group I rats, control. Seven consecutive animals were
weighed and anesthetized with 1.2% inspired halothane
delivered via face cone. Using pressure monitoring, PE50
polyethylene tubing was passed through the right carotid
artery into the left ventricle. A second piece of PE 50 tubing
was passed into the right femoral artery in odd-numbered
animals and into the left femoral artery in even-numbered
animals. The site was alternated to eliminate localizing ef-
fects. Blood pressure was monitored continuously via the
femoral artery catheter using a Statham P23 Db pressure
transducer (Gould-Statham Instruments, Inc., Hato Rey,
Puerto Rico) and Brush Mark 260 (Gould Inc., Cleveland,
Ohio) recorder. Rectal temperature was maintained at 37°C
using a heating lamp.

Tissue blood flow and cardiac output were determined
using Strontium 85 (SR-85)-labeled microspheres (15+1.1
pm) with a specific activity of 9.0 mCi/g suspended in 10%
Dextran containing 0.05% Tween 80. After 5 min of agita-
tion, 0.15 ml of microsphere suspension (40,000-60,000
microspheres) was drawn into a plastic syringe designed for
placement in a gamma radiation counting vial, and analyzed
in a Beckman Biogamma counter (Beckman Instruments,
Inc., Fullerton, Calif.) (at the energy spectrum for the iso-
tope). This suspension was injected into the left ventricular
catheter over 20s and flushed with 1.0 ml saline (0.9%).
Blood was withdrawn from the femoral artery catheter using a
constant withdrawal sage pump (Orion Research Inc., Cam-
bridge, Mass.) for 10 s before the injection of microspheres,
during the injection, and thereafter for a total withdrawal
time of 70s (~0.8 ml). The blood sample was placed in a
preweighed counting vial and the withdrawal rate was
determined. The animals were killed using a potassium
chloride injection into the left ventricle.

The right and left testicles, kidneys, epididymides, prostate,
and a section of the liver were removed, weighed, and
analyzed for radioactivity in the gamma counter along with
the blood sample and empty injection syringe. Cardiac output
was determined using the formula:

_RxI

co ,
B
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where CO represents cardiac output ml/min; R, rate of with-
drawal of blood ml/min; I, number of counts injected; B,
number of counts blood sample. Blood flow to the tissue was
calculated using the formula:

RxT
BF = R
B

where BF, blood flow in milliliters per minute; R, rate of
withdrawal of blood in milliliters per minute; B, number of
counts blood sample; T, number of counts in tissue sample.
Blood flow to each organ was divided by the weight of that
organ to determine flow per gram of tissue.

Group II rats, partial vein ligation. Six animals were
anesthetized using sodium pentobarbital 50 mg/kg i.p.
Through a midline incision, the left renal vein was partially
ligated distal to the left adrenal and testicular veins, to an
external diameter of 1 mm. The abdomen was closed, the
aniinals were returned to the vivarium, and 1 mo later they
underwent the same protocol as group I rats (control). Dilata-
tion of the left internal spermatic vein was graded by inspec-
tion during autopsy as no dilatation, moderate dilatation, or
marked dilatation.

Group III rats, sham. Three animals were anesthetized
as in group II rats (partial ligation). Following laparotomy,
the left renal vein was isolated but no ligation was placed.
1 mo later the animals underwent the same protocol as group
I rats (control).

Group IV rats, temperature and histology controls. Nine
rats were anesthetized with sodium pentobarbital 50 mg/kg
i.p. 15 min later, the ambient, right intratesticular, left intra-
testicular, and intraperitoneal temperatures were measured
with a 23-gauge needle probe thermometer (Bailey Instru-
ments Inc., Saddle Brook, N. J.) The difference between intra-
peritoneal and intratesticular temperature was recorded for
each testicle. Biopsies of each testicle were fixed in Bouin’s
solution for 24 h, washed in 70% ethyl alcohol, embedded in
paraffin, and stained with hematoxylin and eosin. The pre-
pared slides were coded and examined by an independent
histologist in a single-blind scoring procedure. After sub-
jective observation, all testes were noted as being normal or
abnormal (epithelial disorganization). In each histologic
section of the right and left testis, 10 tubules were randomly
selected and the presence of late spermatids or spermatozoa
within the tubule was noted. The percentage of tubules
having either cell type within the lumen was recorded for
both testes in experimental and control animals. This data
was subjected to the arc-sine transformation prior to statistical
evaluation by Student’s t test.

Group V rats, temperature and histology after partial
vein ligation. 12 rats underwent left renal vein partial
ligation as in group II rats (partial ligation). 1 mo later tem-
peratures were measured and histologic sections were ob-
tained as in group IV rats (control). A laparotomy incision
was made in each animal and dilatation of the left testicular
vein was graded.

Dogs

Adult male mongrel dogs were obtained from the university
vivarium. Dogs whose testicles appeared atrophic when pal-
pated were not used.

Group 1 dogs, control. Eight dogs were anesthetized
with sodium pentobarbital 30 mg/kgi.v. An 8 Fr. polyurethane
catheter was passed through the right internal carotid artery
into the left ventricle using pressure monitoring. A second
8 Fr. polyurethane catheter was inserted into the right
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femoral artery in odd-numbered dogs and into the left
femoral artery in even-numbered dogs. Blood pressure and
temperature were monitored as in group I rats (control).

Blood flow to both testicles and a cortical portion of each
kidney was determined using Strontium 85 microspheres in
a manner similar to group I rats (control). 2 ml of SR-85
(500,000-800,000 microspheres) were drawn into a 3-ml
plastic syringe after 5 min agitation. This suspension was in-
jected over 5s into the left ventricular catheter. Blood was
withdrawn from the femoral artery catheter using a Harvard
pump (Harvard Apparatus Co., Inc., S. Natick, Mass.) at the
rate of 9.89 ml/min beginning 10 s before the injection of
microspheres, during the injection, and thereafter for a total
withdrawal time of 80 s.

10 min after injection of the microspheres, the ambient,
right intratesticular, left intratesticular, and rectal temper-
atures were measured and recorded using the Bailey needle-
probe thermometer.

The dogs were killed using intraventricular potassium
chloride and the right and left testes and cortical sections of
the right and left kidneys were weighed and analyzed for
radioactivity.

Group 1I dogs, left testicular vein valve obliteration.
Seven dogs were anesthetized as in group I dogs (control).
After sterile preparation, a wedge biopsy was taken from the
right and left testes and processed as in group IV rats (con-
trol). Through a midline incision, vascular control of the
proximal and distal left renal vein, left renal artery, left
testicular vein, and left adrenal vein was obtained. Using
3x loupes for visual magnification, the renal vein was
opened and the valve overlying the left testicular vein was
obliterated by sharp dissection. The left renal vein was
closed, the peritoneum was approximated over the renal
pedicle and the abdomen was closed in two layers. The ani-
mals were returned to the vivarium.

3 mo later, testicular blood flow and temperature were
measured as in group I dogs (control) and histologic sections
of both testes were obtained and processed as in group IV
rats (control). Left testicular vein dilatation was graded as in
group II rats (partial ligation).

Group III dogs, partial vein ligation. Four dogs were an-
esthetized as in group I dogs (control) and bilateral testicular
biopsies were taken. Through a midline incision, the left
renal vein was partially ligated distal to the left adrenal and
testicular veins, to an external diameter of 3 mm.

3 mo later, these dogs underwent the same protocol for
determination of blood flow, temperature, histology, and
degree of dilatation as in group II dogs (valve obliteration).

Data were analyzed statistically using Student’s ¢ test.

RESULTS
Rats

The change in testicular blood flow in group II rats
(partial ligation) compared with group I rats (control)
is shown in Table I. This 38% increase in testicular
blood flow per gram of tissue to both testicles was sig-
nificant (P < 0.02) and not associated with changes in
epididymal, prostatic, renal, or hepatic blood flow. All
animals in group II rats (partial ligation) had moderate
or marked dilatation of the left internal spermatic vein
(Fig. 1).

Mean body weight, testicular weight, cardiac output,
and blood pressure were the same in group I rats (con-
trol) and group II rats (partial ligation) (Table II).
Absolute blood flow to each testicle as a percentage of
cardiac output was significantly higher (P < 0.05) in
group II rats (Table II). Testicular blood flow in group
III rats (sham) was the same as group I rats (control).

Of 12 animals in group V rats (partial ligation), 9
demonstrated mild or moderate left testicular vein
dilatation. The mean difference between intraperi-
toneal and intratesticular temperature in these rats was
significantly lower (P < 0.001) than the mean differ-
ence for each testis in group IV rats (control) (Table III).
The mean temperature difference in the three rats who
demonstrated no left testicular vein dilatation was the
same as group IV rats (control).

All of group IV rats (control) and the three animals
from group V rats (partial ligation) with no left testicular
vein dilatation had normal testicular histology. Of the
nine animals in group V rats (partial ligation) with left
testicular vein dilatation, three showed minimal bi-
lateral disorganization of germinal epithelium with no
decrease in numbers of mature spermatozoa. The re-
mainder had normal histology.

Dogs

Four of seven dogs in group II dogs (valve oblitera-
tion) and three of four dogs in group III dogs (partial

TABLE 1
Rats: Organ Blood Flow*
R Testis L Testis R Epididymis L Epididymis R Kidney L Kidney Prostate Liver
Group I'ratsn =7
(Control) 26+2 24+2 13+2 12+2 584+45 541+35 33+x6 31+6
Group Il ratsn = 6
(Partial ligation) 35+3 35+4 14+1 13+3 601+61 557+62 377 355
Level of significant
difference P<0.02 P<0.02 NS} NS NS NS NS NS

* Values expressed as mean+SEM in milliliters per minute per 100 grams of tissue.

{ Not significantly different.
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FIGURE 1

ligation) demonstrated mild or moderate left testicular
vein dilatation 3 mo after surgery. Mean testicular
blood flow in these animals was significantly higher
(P < 0.01) than group I dogs (control) for each testis
(Table IV). The four animals that showed no left testicu-
lar vein dilatation had a mean testicular blood flow
that did not differ from group I dogs (control). All ani-
mals in group I, II, and III dogs (control, valve oblitera-
tion, and partial ligation, respectively) had similar
mean renal cortical blood flow (Table IV).

(a) Left testicular vein in rat prior to partial ligation of the left renal vein (10x). K:
Kidney; arrows indicate left spermatic vein. (b) Left testicular vein in rat 1 mo after partial ligation
of the left renal vein (10x). K: kidney; arrows indicate left spermatic vein.

Mean testicular weight in groups II and III dogs
with left testicular vein dilatation was significantly
lower (P < 0.05) for each testis than mean testicular
weight in group I dogs (control). This occurred despite
no significant difference in mean body weight in groups
IT and I11I dogs with dilatation compared to group I dogs
(control) (Table V).

The mean difference between rectal temperatue and
testicular temperature was significantly lower (P
< 0.01) in groups II and III dogs with left testicular

TABLE II
Rats: Animal Weight, Testicular Weight, Cardiac Output, Blood Pressure, and
Flow as Percentage of Cardiac Output*

Percent cardiac output to

Rat R Testicular L Testicular Cardiac Blood
weight weight weight output pressure R Testis L Testis
g g mlimin mm Hg
Group I'ratsn =7
(Control) 419+9 1.78+0.06 1.78+0.05 111+7 1002 0.42+0.04 0.39x0.04
Group Il ratsn = 6
(Partial ligation) 437+12 1.90+0.04 1.86+0.06 120+ 14 98+5 0.58+0.08 0.57+0.07
Level of significant
difference NSt NS NS NS NS P < 0.05 P < 0.05

* Values expressed as mean=SEM.
1 Not significantly different.
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TABLE III
Rats: Difference between Intratesticular and
Intraperitoneal Temperature (Ambient Temp. 26.4°C)*

Right testis Left testis

Group IV (Control) n = 9

Mean intraperitoneal temp.

37.4+0.2 4.02+0.25 3.77+0.14
Group V (Partial ligation) n = 9%

Mean intraperitoneal temp. )

37.2+0.1 2.14+0.09 2.34+0.12
Level of significant difference P < 0.001 P < 0.001

* Values expressed as mean+SEM.
1 Includes only animals with left testicular vein dilatation.

vein dilatation than group I dogs (control dogs) (Table
VI). Those dogs in groups II and IIT in whom there
was no venous dilatation had a mean temperature dif-
ference that was the same as group I dogs (control).

All of the animals in groups II and III dogs had nor-
mal testicular histology prior to partial left renal vein
ligation or left testicular vein valvular obliteration. Of
the seven animals in groups II and III dogs who had
left testicular vein dilatation, three animals from group
IT dogs and two animals from group III dogs showed
bilateral disorganization of germinal epithelium and
a decrease in percentage of seminiferous tubules with
mature spermatozoa in their lumina. In control animals
59.6+2.5 and 56.2+4.0% of seminiferous tubules in the
right and left testis, respectively, contained late
spermatids or spermatozoa in their lumina. In the af-
fected animals of groups II and III these mean percent-
ages were 42.5+7.6 and 29.5+9.2, respectively. These
values were significantly different (P < 0.05) from their
respective controls. The remaining dogs with left tes-
ticular vein dilatation had normal histology bilaterally.
Of the four dogs from groups II and III dogs who had no
left testicular vein dilatation, two animals demonstrated
bilateral disorganization of germinal epithelium and a
slight reduction in number of mature spermatozoa. The
remaining two animals had normal bilateral testicular
histology.

DISCUSSION

Following Tulloch’s report (19) in 1952 of improved
fertility in a patient following varicocelectomy, clini-
cians have become increasingly aware of an association
between male subfertility and varicocele. Although
impaired bilateral seminiferous tubular morphology is
well documented in unilateral varicocele, it is unclear
whether there is a causal relationship between the
venous abnormality and the testicular dysfunction. The
literature is replete with poorly documented specula-
tions implying that varicocele may interfere with
spermatogenesis by various mechanisms. This study
provides the first systematic, well-documented investi-
gation of this phenomenon and strongly supports the
hypothesis that a unilateral varicocele has a deleterious
bilateral impact on spermatogenesis. Furthermore, the
data suggest that this effect may be mediated by in-
creases in testicular blood flow and temperature.

The values for testicular blood flow in our control
rats (26+2 ml/min per 100 g) are identical to previous
measurements in our lab (20) and are similar to that
reported by Jaffe and Free (21) using a friction flow-
meter (22.6+3.8 cm?min per 100 g) (21). The use of
radioactively labeled microspheres for measurements
of cardiac output and organ blood flow was first de-
scribed by Rudolph and Heymann (22) and has proved
to be an accurate method that does not alter hemo-
dynamics. Damber and Janson (23) have used labeled
microspheres and Xe-133 clearance for determina-
tion of testicular flow in rats and obtained results
similar to our control values using both methods.
Using direct venous cannulation in dogs, several
authors have obtained values for flow within the range
of our findings in dogs (24). No reports of blood flow
determinations using a friction flowmeter or micro-
spheres in dogs have been found.

The bilateral increase in testicular blood flow using
partial ligation in the rat and partial ligation or valve
obliteration in the dog was unexpected and intriguing.
In the rat, both the flow per gram of tissue and the
absolute flow as a percentage of cardiac output were
elevated. This was associated with no change in testic-

TABLE IV
Dogs: Organ Blood Flow*
R L
R Testis L Testis Renal cortex Renal cortex
Group I dogs (Control) n =8 8+1 8+1 808+102 714+59
Groups II and III dogs (Partial ligation
and valve obliteration) n = 7t 163 18+4 712151 757+114
Level of significant difference P<001 P<0.01 NS§ NS

* Values expressed as mean+SEM in milliliters per minute per 100 grams of tissue.
1 Includes only animals with left testicular vein dilatation.

§ Not significantly different.
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TABLE V
Dogs: Animal Weight and Testicular Weight*

Dog R testicul L testicul
weight weight weight
ke g g
Group I dogs
(Control) n = 8 16.8+0.8 14.5x12 156+1.4
Groups II and III dogs
(Partial ligation and
valve obliteration)
n="T% 20.4+2.1 9.6+1.9 9.5+1.9
Level of significant
difference NS§ P <0.05 P < 0.05

* Values expressed as mean+SEM.
1 Includes only animals with left testicular vein dilatation.
§ Not significantly different.

ular weight. Testicular blood flow in the dog was also
increased, but was associated with some degree of
testicular atrophy implying a decrease in tubular size.
(Cardiac output was not measured so absolute flow
could not be assessed.) Presumably, the 3-mo lesion in
the dog compared to a 1-mo lesion in the rat allowed
for prolonged damage and atrophy and, indeed, his-
tologic sections showed more pathologic changes in
the dogs.

Since this is the first report of this finding, the mech-
anism and how it might affect testicular function is
speculative. Although evidence has been presented for
reflux of vasoactive substances from adrenal or renal
tissue into the testicular vein in human varicocele (4,
25), much of it is not convincing because controls were
not used or poorly selected. Additionally, other studies
have found that the transfer of substances from the
testicular vein to the testicular artery is minimal (26).

The concomitant increase in bilateral testicular
temperature in both animal models might implicate
temperature as the initial event leading to vasodilata-
tion and increased blood flow. Perhaps the venous

TABLE VI
Dogs: Difference between Intratesticular and Rectal
Temperature (Ambient Temp. 22.2-22.6°C)*

Right testis Left testis

Group I dogs (Control) n = 8

Mean rectal temp. 38.4+0.2 3.61+0.42 3.60+0.40
Groups II and III dogs (Partial

ligation and valve oblitera-

tion) n = 7§

Mean rectal temp. 38.5+0.2 2.31+0.17 2.67+0.32
Level of significant difference P <0.01 P < 0.05

* Values expressed as mean+SEM.
t Includes only animals with left testicular vein dilatation.
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lesion interferes with the vascular countercurrent heat
exchange; the testes become warmer and blood flow
increases. Previous studies have shown that heating of
the testes 8—-10°C above normal scrotal temperature
caused a marked increase in testicular blood flow (27).
However, when the testes are artificially warmed to
temperatures equal to abdominal temperature (3-4°C
above normal scrotal temperature) there is no increase
in blood flow (28). This leads us to hypothesize that
increased flow is the initial response to the venous
lesion in our model, and is followed by chronic tem-
perature elevation.

The existence of arterio-venous shunting in the testis
has not been proven, as no anatomic basis has yet been
identified. There is evidence however, that total blood
flow to the testis is greater than nutrient or capillary
blood flow. Godinho and Setchell (29) found that capil-
lary blood flow accounted for only 66% of total testicu-
lar flow. Further data in support of arterio-venous
shunting comes from Nguyen (30) who noted testicular
blood flow was 30% higher in rabbits using 50-um
radioactive microspheres as opposed to 10-um micro-
spheres. '

It is possible that in our model, increased testicular
flow may in part be spurious. If there were arterio-
venous shunting in the control animals, a percentage
of the 15-um spheres might be shunted out of the
testes and control flow would represent capillary flow
rather than total testicular flow. After partial venous
ligation or valve destruction, venous hemodynamics,
possibly from elevated venous pressure, might be
affected in a way that prevents arterio-venous shunting,
thus trapping an increased number of microspheres,
and perhaps increasing total capillary blood flow. The
elimination of shunting and the increased flow would
be followed by chronic temperature elevation and its
well-documented, unfavorable effects on the seminif-
erous tubules. Recent evidence by Nakamura and
Hall (31) suggests that this minimal temperature eleva-
tion above that of the normal scrotal environment slows
the in vitro incorporation of amino acids by spermatids,
thus interfering with normal protein synthesis.

What remains enigmatic is an adequate explanation
for the bilateral effects of the unilateral venous lesion.
The demonstration of collateral venous circulation to
the right testis in humans has heretofore been the ac-
cepted, but unproven explanation. Although it is pos-
sible that there is venous hypertension in the right
testicular vein secondary to crossover between the left
testicular venous system, most venographic studies in
patients with varicocele have shown venous crossover
that is limited to superficial veins of the pubis and
upper scrotum.

Although our data and the proposed mechanism
await documentation in the human, several conclusions
can be made. Partial ligation of the left renal vein distal
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to the left testicular vein leads to hemodynamic
changes that result in an increase in measured testicu-
lar blood flow and a decrease in bilateral abdominal
testicular temperature differences. Associated with this
temperature elevation are histologic changes manifest
in both testes in some of the animals. In addition, surgi-
cal elimination of the valvular mechanism in the left
testicular vein produces changes identical to partial
renal vein ligation. Although hemodynamics in man
(upright posture) are perhaps different, an effective ani-
mal model for the study of varicocele exists and pre-
sumably the subfertility in human males is a conse-
quence of venous abnormalities similar to those induced
in our models. The possibility that increased testicular
capillary flow and elevation of testis temperature is in-
volved in idiopathic infertility warrants further in-
vestigation.
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