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post-vasectomy rats
Herkanwal S. Khaira,* Timothy G. Schuster,* Wen-Xiang Zhang,� Rodney Dunn,* Gary D. Smith*,�,§
and Dana A. Ohl*

Departments of *Urology, �Oral and Maxillofacial Surgery, �Obstetrics and Gynecology, and §Physiology, University of Michigan, Ann Arbor, MI,

USA

Introduction

Approximately 2–9% of males undergoing vasectomy will

undergo a subsequent reversal procedure (Fenster &

McLoughlin, 1981; Jequier, 1998; Heidenreich et al.,

2000). The majority of these reversals are performed to

restore fertility. The first-line reversal procedure is vasova-

sostomy, typically an end-to-end anastomosis of the

ligated vasal segments. The success of this procedure is

well documented, exceeding 90% under certain condi-

tions (Silber, 1989; Belker et al., 1991). However a vasec-

tomy reversal will not achieve patency if a co-existing

epididymal obstruction is not recognized and bypassed.

The presence of epididymal obstruction occasionally

complicates vasectomy reversal. It is theorized that chro-

nic backpressure from the obstructed vasal segment is

transmitted to the epididymal tubules (Silber, 1981;

McDonald, 1996). The thin-walled epididymal tubules

unable to withstand the increased hydrostatic pressure

dilate and may on occasion rupture. The subsequent

inflammatory reaction, driven, in part, by an immune

response to the haploid germinal cells, often results in

localized granuloma formation with subsequent fibrosis

and obstruction (Kennedey & Heidger, 1980).

In the event of a complete epididymal obstruction,

intact viable spermatozoa will not be identified down-

stream of the occlusion. However, the absence of intact

spermatozoa in the vas deferens does not absolutely indi-

cate epididymal obstruction; temporary or permanent

azospermia may follow vasectomy as a result of inflam-

matory changes, sperm degradation or vascular insults

(Flickinger, 1982; Flickinger et al., 1995).

During vasectomy reversal, fluid appearance, micro-

scopic evaluation and gross examination of the epididy-
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Summary

The aim of this study was to determine if, following vasectomy, epididymal

obstruction resulted in changes in vasal stump fluid using a rat vasectomy

model. One hundred and twenty-two mature male rats underwent bilateral sur-

gical vasectomy and subsequent unilateral epididymal obstruction. Animals

were randomly assigned to one of the five cohorts, which determined the time

to kill and vasal fluid assessment. Numbers of whole sperm and sperm heads

were compared between the obstructed and non-obstructed sides. Parametric

analysis of microscopic vasal fluid findings was performed using a paired t-test.

Whole sperm and sperm heads were detected bilaterally among the initial five

cohorts. On the obstructed epididymis side, percentage of whole sperm

dropped from 36.9% to less than 1% and sperm heads increased from 63.2 to

99.7% at 12 weeks post-obstruction (p < 0.05 at each time interval). On the

unobstructed side, percentage of whole sperm rose from 66.3 to 89.5% and

sperm heads dropped from 33.7 to 10.5% (p < 0.05 at each time interval). At

12 weeks, the difference between the obstructed and non-obstructed sides for

both percentage and quantity of whole sperm and heads was significant with a

p value of <0.001. In this rat model, following vasectomy and subsequent epi-

didymal obstruction, testicular vasal stump fluid will contain progressively

diminishing numbers of whole sperm and increases in the percentage and abso-

lute numbers of sperm heads.
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mis and vas deferens have been categorized and graded to

determine the likelihood of systemic patency (Belker

et al., 1991). At the time of surgery, the presence of

sperm within the vasal fluid is an indication to proceed

with vasovasostomy. It is more controversial if one

should perform vasovasostomy or vasoepididymostomy

when isolated sperm heads are found. Commonly, the

absence of spermatozoa from the bilateral vas is associ-

ated with a 31% pregnancy rate following vasovasostomy

(Belker et al., 1991). However, no comprehensive evalua-

tion of vasal fluid following the creation of a secondary

blockage within the epididymis after vasectomy has been

reported to our knowledge. We sought to better define

the immediate and short-term microscopic changes in the

testicular vasal fluid that occurred following vasectomy

and subsequent epididymal obstruction, through use of a

randomized animal model cohort.

Material and methods

The investigation protocol was approved by the Univer-

sity Committee for the Use and Care of Animals. One

hundred and twenty-two sexually mature male Sprague–

Dawley rats were obtained from the Charles River Labor-

atories (Wilmington, MA, USA). On day 0, under general

anaesthesia, all animals underwent bilateral vasectomy.

Anaesthesia consisted of 80 mg/kg intramuscular Keta-

mine and 10 mg/kg intramuscular Xylazine. Adequate

depth of anaesthesia was confirmed prior to proceeding

with surgical incision. All surgeries were performed by

one of two surgeons, utilizing an operative microscope.

Vasectomy was performed through 2.5-cm paramedian

scrotal incision. The tunica vaginalis was opened and the

testes and epididymis were delivered. The vasal artery was

dissected free from the vas deferens. The integrity of the

vasal artery was maintained in all animals. The vas was

ligated with 4–0 non-absorbable suture at 1.5 cm from

the vasal–epididymal junction and at the distal stump.

The vas was then transected and a 0.5-cm segment was

removed. The scrotal contents were returned to their

anatomic location within the tunic vaginalis. The skin

was then closed in interrupted fashion. The identical pro-

cedure was performed on the contralateral hemiscrotum.

During week 4, all animals underwent unilateral iatro-

genic epididymal obstruction. This procedure was per-

formed under systemic anaesthesia as previously detailed.

A 1-cm longitudinal incision was made on the paramedi-

an mid-scrotum. The epididymis was generally identified

with minimal dissection and the mid-corpora of the epi-

didymis was ligated with 6–0 non-absorbable suture. The

epididymis was consistently obstructed in this manner in

the same location for all the subject animals. The side of

epididymal obstruction (i.e. left vs. right) was randomly

predetermined. A contralateral sham operation was not

performed to minimize the possibility of inadvertent

injury to the control side epididymis.

During weeks 5, 6, 8, 12 and 16 (post-epididymal

obstruction weeks 1, 2, 4, 8, 12), 14–24 rats in the ran-

domly assigned cohorts were respectively killed. Animals

were killed at room temperature by CO2 asphyxiation.

The scrotal contents were removed intact. The obstructed

vasal end was opened and vasal fluid was assessed grossly.

The vas was gently milked from the level of the vaso-epi-

didymal junction to the transected end to express and

quantify all fluid. Invariably, repeating this procedure

resulted in expression of some fluid. There was no blood

contamination of the vasal fluid during this step that

affected sperm evaluation.

A single investigator assessed the obstructed and non-

obstructed side vasal fluid. Vasal fluid was diluted in

20 lL of Hepes-buffered solution with 0.2% bovine

serum albumin at 37 �C. Manual quantification of vasal

fluid contents was performed with a haemocytometer;

this included number of sperm heads (without bodies),

sperm tails (without heads), whole sperm and motility.

Statistical methods

The numbers of sperm heads at each of the two sites of

vasal fluid (obstructed epididymis and non-obstructed

epididymis) were determined at weeks 1, 2, 4, 8 and 12

after undergoing the unilateral epididymal obstruction.

The obstructed epididymis and non-obstructed epididy-

mis were compared using a paired t-test for each site/

week combination. To assess the trend over time, a mixed

model was produced separately for each site. Each model

initially contained a main effect for week and an indicator

for obstructed epididymis vs. unobstructed epididymis,

plus an interaction between week and obstruction indica-

tor. This indicator was used to assess whether the slope

of the count over time was different between the

obstructed and unobstructed groups. A backwards model

building process was then used to arrive at the most par-

simonious model. The 5% significance level was applied

to all tests and models, and all analyses were performed

using the SAS System (Cary, NC, USA).

Results

One hundred and twenty-two rats were initially entered

into the study protocol. Twenty-four rats were prospec-

tively randomly assigned to each cohort (1–5), which cor-

responded with date of killing following epididymal

occlusion. Ultimately, 24 rats were in cohort 1 (week 1),

23 in cohort 2 (week 2), 24 in cohort 3 (week 4), 20 in

cohort 4 (week 8) and 14 in cohort 5 (week 12). Two rats
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were isolated from the remaining population because of

suspected viral infection and were determined healthy for

inclusion and killed at week 22 as a sixth cohort. There

were 15 mortalities prior to completion of the protocol,

primarily from anaesthetic-related complications and

these account for the excluded animals.

Among early findings, vasal sperm granulomas were

found in over 98% of all ligated vasa. All but two (1.9%)

of the epididymal obstructed sides also demonstrated epi-

didymal sperm granulomas.

Figure 1 demonstrates the absolute number of isolated

sperm heads and whole sperm by cohort. The difference

between the non-obstructed epididymis and obstructed

epididymis side for both absolute number and per cent

number of sperm heads and whole sperm demonstrated a

p-value of <0.05 at each time point. Motility rates were less

than 10% in each group and did not differ significantly.

In cohort 5 (12 weeks post-epididymal obstruction), all

but two of 14 rats demonstrated either isolated sperm

heads or no sperm components in the obstructed epididy-

mis side vasal stump. The epididymal obstructed side

after 12 weeks had significantly higher levels of isolated

heads than non-obstructed side (p < 0.001). On the

unobstructed epididymis side at 12 weeks, one of 14 ani-

mals was found to have ‘heads only.’ After 22 weeks there

was no whole sperm found on the obstructed side. Statis-

tical analysis was not performed on this group because of

the small size of the cohort.

Table 1 lists the percentages of isolated sperm heads

and whole sperm separated by cohort. Among the

obstructed epididymis subgroup, per cent of isolated

sperm heads increased with time from epididymal occlu-

sion, conversely whole sperm numbers decreased with

each interval. The differences between the unobstructed

epididymis and obstructed epididymis side in terms of

whole sperm and sperm heads were significant at each

time point with a p-value <0.05.

Discussion

In this rodent model, unilateral iatrogenic epididymal

obstruction following bilateral vasal occlusion demonstra-

ted significant differences within the microscopic charac-

teristics of the vasal stump fluid. Notably, absolute

numbers and per cent quantity of whole sperm decreased

over each time point among the rats with subsequent epi-

didymal obstruction. On the non-obstructed epididymis

side, whole sperm percentages ranged between 66.1 and

89.5% over the 12 weeks post-epididymal obstruction.

This finding implies that whole sperm, when isolated

within the segment distal to the epididymal obstruction,

begins the process of degeneration almost immediately.

Decapitation of these progressively degenerating sperm,

would thereby account for the increasing per cent and

absolute numbers of sperm heads concurrent with the

decreasing numbers of whole sperm.

Although not quantified, epididymal granulomas were

rarely found on the unobstructed epididymis side and

often correlated with difficulty identifying any sperm in

the vasal segment. This finding indicated that vasal sperm

in rats with non-iatrogenic epididymal obstructions, as
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Figure 1 Absolute numbers of whole sperm

and sperm heads over time (including stand-

ard error of mean averaged per subject).

Table 1 Per cent number of whole sperm and sperm heads

Week 1 Week 2 Week 4 Week 8 Week 12

Isolated sperm heads

Control side (%) 33.7 33.9 14.4 17.2 10.5

Epididymal

obstruction (%)

63.2 68.7 89.3 95.0 99.7

p-value 0.0375 0.0017 <0.001 <0.0001 <0.001

Whole sperm

Control side (%) 66.3 66.1 85.6 82.8 89.5

Epididymal

obstruction (%)

36.9 31.3 10.8 5.0 0.3

p-value 0.0329 0.0039 <0.001 <0.001 <0.001
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suspected by the presence of an epididymal granuloma,

followed a similar degradation pattern to the iatrogenic

group.

Micro-anatomical evaluations of post-obstructive vasal

fluid in the literature are limited; these are primarily

veterinary studies that were reported in prior decades.

Paufler & Foote (1968) assessed post-obstructive

changes in epididymal and vasal fluid in a rabbit

model. They found increasing numbers of detached

heads downstream among rats with epididymal obstruc-

tion. In this experiment, among rats with isolated vasal

occlusion, sperm at the vasa was relatively normal.

Gaddum & Glover (1965) found epididymal obstruction

was associated with an early increase in sperm motility

proximal to the obstruction followed by degeneration of

the sperm. Glover (1969) found that subsequent to

occlusion of the rabbit epididymis, an increase in

degenerated sperm was seen above level of ligation after

3 weeks.

The degeneration of spermatozoa in the isolated epi-

didymal cauda and vas stump is likely the result of chan-

ges in the luminal fluid following obstruction. This would

include activation of hydrolytic enzymes because of the

obstruction (Jones, 2004). The persistence of sperm heads

in this environment relates to the condensed nature of

chromatin and the sturdy nature of the perinuclear theca

(Powell et al., 1990).

Belker et al. (1991) assessed intraoperative vasal fluid

characteristics during vasectomy reversal and correlated

these findings with patency and fecundity rates. The

microscopic finding of ‘only heads without tails’ was

associated with a 75.3% patency rate postoperatively.

Additionally, the microscopic absence of any sperm or

sperm components was associated with a 60.2% patency

rate. They concluded that absence of sperm or sperm

components does not absolutely indicate epididymal

obstruction. However, lengthy intervals of obstruction

and non-watery fluid in conjunction with this finding

increased the likelihood of concurrent epididymal

obstruction. Recently, Sigman (2004) noted patency rates

approaching 100% following vasovasostomy when sperm

parts were found in vasal fluid during vasectomy rever-

sal. These investigations suggest that finding sperm

heads only during vasectomy reversal may actually indi-

cate an absence of epididymal occlusion among human

subjects. Our study of rat subjects indicates that in the

early period (<12 weeks) following vasectomy and subse-

quent epididymal obstruction, finding sperm heads only

is more common on the epididymal-obstructed side.

However, the long-term changes in the vasal fluid were

not assessed and in fact sperm heads only could poten-

tially be found among non-epididymal obstructed rats;

the aim of this study was not to characterize the long-

term changes, but instead to determine qualities asso-

ciated with recent epididymal obstruction following

vasectomy.

A limitation of our investigation is the use of an ani-

mal model. Despite considerable similarities between the

rat and human gonad, epididymis and vas deferens,

these results cannot be directly applicable for decision-

making or treatment algorithms in human subjects. The

rat epididymis is quite fragile and develops granulomas

more frequently than the human epididymis (Miller

et al., 1984; McDonald, 1996; McGinn et al., 2000). The

degradation of sperm isolated in the rat vas may not

entirely parallel breakdown in the human; although

both species’ sperm have resilient head pieces, the pro-

cess and time course to decapitation may not be sim-

ilar. Additionally, although this investigation

demonstrated a progressive, short-term increase in

sperm decapitation among post-vasectomy, epididymal

obstructed rats compared with post-vasectomy rats with

patent epididimides, the long-term (i.e. years) changes

in vasal fluid following vasectomy were not assessed.

Potentially, decapitation could affect all post-vasectomy

vasal sperm, independent of epididymal patency. How-

ever, it should be noted that concurrent with the find-

ing of increasing numbers of sperm heads was the

reduction in the absolute number of whole sperm

among the subjects with epididymal obstruction. Ulti-

mately, only four (0.3%) whole sperm were found on

the epididymal obstruction side among the 14 rats in

cohort 5 (week 12), on the control side 1797 (89.5%)

whole sperm were counted. This finding indicates that

the presence of whole sperm reliably predicts epididy-

mal patency, and in turn the absence of whole sperm

points more towards epididymal obstruction. Further

investigations including long-term animal studies and

human follow-up studies will better determine if the

finding of isolated sperm heads is a durable characteris-

tic of post-vasectomy epididymal obstruction.

Conclusions

In this controlled, randomized investigation, rat vasal

stump fluid after vasectomy was compared with post-vas-

ectomy vasal fluid following epididymal occlusion to find

that epididymal obstruction in post-vasectomy rats resul-

ted in progressively lower numbers of whole sperm in the

testicular vas deferens. Concurrently, the per cent of isola-

ted sperm heads rose following epididymal obstruction.

These finding indicated that in the rat model isolated

sperm heads found in vasal stump fluid following vasec-

tomy may be related to recent epididymal obstruction.

Further long-term investigations are needed to determine

the durability of this finding.
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