








 



 



 



 



 



 



 



 



 



 



 



 























THE IMPACT OF OBSTRUCTIVE INTERVAL AND SPERM GRANULOMA
ON OUTCOME OF VASECTOMY REVERSAL
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From the Department of Urology and Institute for Reproductive Medicine, Weill-Cornell University Medical Center, New York, New York

ABSTRACT

Purpose: We studied the impact of the interval from vasectomy to reversal and presence of
sperm granuloma on outcomes of reversal.

Materials and Methods: A total of 213 microsurgical vasectomy reversals performed by a single
surgeon were stratified according to obstructive intervals of less than 5 years, 5 to 10 years, 10
to 15 years and greater than 15 years. The effects of obstructive interval on patency and
pregnancy rates were assessed using multivariate logistical regression. The impact of sperm
granuloma on patency and pregnancy was assessed using the chi-square test.

Results: Patency did not change with increasing obstructive intervals as can be seen with 91%
patency at less than 5 years, 88% at 5 to 10 years, 91% at 10 to 15 and 89% at greater than 15
years. There was no difference in pregnancy rates (89%, 82% or 86%) at obstructive intervals of
0 to 5, 5 to 10 or 10 to 15 years, respectively. Pregnancy rates were significantly lower (44%,
p �0.05) with obstructive intervals greater than 15 years. Men with at least unilateral sperm
granuloma had patency of 95% vs 78% without granulomas, a trend which did not quite reach
statistical significance (p � 0.07). There was no difference in pregnancy rates with or without
granulomas.

Conclusions: Vasectomy reversal patency rates are high regardless of time since vasectomy.
Pregnancy rates are lower more than 15 years after vasectomy. Sperm granuloma had a
favorable impact on patency. Our data indicate that for obstructive intervals less than 15 years
vasectomy reversal yields much higher pregnancy rates than in vitro fertilization and intracy-
toplasmic sperm injection, and that even for intervals greater than 15 years reversal outcomes
equal or exceed those of in vitro fertilization and intracytoplasmic sperm injection.

KEY WORDS: vasectomy, vavovavostomy, pregnancy rate, granuloma

The number of vasectomies performed each year in the
United States is about 500,000, and it is estimated that
between 2% and 6% of these men will ultimately seek rever-
sal.1 With the advent of in vitro fertilization and intracyto-
plasmic sperm injection (IVF/ICSI), which currently results
in clinical pregnancy rates of 20% to 45% per initiated cycle,2
the therapeutic options for couples with male factor infertil-
ity have increased. Thus, to provide couples with information
to make decisions regarding infertility treatment, particu-
larly in an era of increased cost consciousness, the need exists
to establish the success rate of vasectomy reversals as well as
to determine potential preoperative predictors for reversal
success.

One parameter which has been evaluated for its impact on
post-reversal pregnancy rates is the obstructive interval, de-
fined as the length of time from vasectomy to reversal. Al-
though previous studies have agreed that the obstructive
interval is inversely related to reversal success, there has
been considerable controversy regarding the specific impact
of interval on postoperative outcome.3–5

A second potential predictor of outcome after vasectomy
reversal is the presence of a sperm granuloma at the vasec-
tomy site. The presence of sperm granuloma is associated
with better quality intraoperative vasal fluid but has not
been consistently associated with improved postoperative pa-
tency or pregnancy rates.4–6 We studied the impact of the
obstructive interval and the presence of sperm granuloma on
the outcome of vasectomy reversal on a series of reversals

performed by a single surgeon in a tertiary care university
setting.

MATERIALS AND METHODS

Patients. We retrospectively reviewed randomly selected
vasectomy reversals performed by a single surgeon from 1984
through 2001. Demographic data, patient history and fol-
lowup were obtained from chart review. Enrollment criteria
for the study included first time vasectomy reversals,
whereas men who presented for repeat reconstruction were
excluded. Only men undergoing bilateral reconstruction were
considered. Female factor infertility was excluded from study
in all cases. Beginning in alphabetical order from the rever-
sal chart rack, the first 213 couples who met these criteria
were selected for study.

Groups. Patients were stratified by obstructive interval
(defined as the time from vasectomy to reversal, rounded off
to the nearest complete year) into those less than 5 years, 5
to 10 years, 10 to 15 years and greater than 15 years. The
presence or absence of a sperm granuloma at the vasectomy
site was determined by preoperative physical examination
and confirmed by histological evaluation of the surgical spec-
imen.

Surgery. Vasovasostomy (VV) and vasoepididymostomy
(VE) were performed using a multilayer microsurgical ap-
proach previously described.1 The entire vasectomy site in-
cluding sperm granuloma, if present, was always excised.
Suspected sperm granuloma were sent for histological eval-
uation by a surgical pathologist.

Postoperative evaluation. Postoperative evaluation in-
cluded serial semen analyses beginning at 6 weeks and con-
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tinuing until a pregnancy was achieved or patients were lost
to followup. For those men whose partner has yet to conceive,
the minimum followup was 6 months. Only naturally con-
ceived pregnancies were included in the calculations, and
none of the female partners used assisted reproduction tech-
niques to achieve pregnancy. Only clinical pregnancies with
documented heartbeats were included in the study. Preg-
nancy rates were calculated for the cohort of patients within
each obstructive interval. We defined patency as the pres-
ence of any sperm (motile or nonmotile) with tails in the
ejaculate.

Statistical analysis. The effect of obstructive interval on
vasal patency and postoperative pregnancy rates was as-
sessed using multivariate logistical regression. The impact of
sperm granuloma on patency and pregnancy was assessed
using the chi-square test. Statistical analysis was performed
using SAS 8.2 software (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

The characteristics of the patient population according to
obstructive interval are shown in table 1. Neither the mean
age of the men nor of the female partners differed among the
intervals. There was no significant difference in the type of
reconstruction performed within the groups; that is, the per-
centage of men in each interval who underwent at least a
unilateral VE was equivalent.

Patency and pregnancy rates were determined according to
obstructive interval (table 2). Vasal patency did not change
with increasing obstructive interval: 91% at less than 5
years, 88% at 5 to 10 years, 91% at 10 to 15 years and 89% for
more than 15 yrs. There was also no difference in pregnancy
rate at obstructive intervals of 0 to 5, 5 to 10 or 10 to 15 years.
However, pregnancy rates were significantly lower (44%,
p �0.05) for patients with obstructive intervals greater than
15 years. The pregnancy rate for the entire cohort was 81%.
Mean followup was 25 months.

A total of 54 patients (25% of total population studied)
underwent at least a unilateral VE during reconstruction,
and 18 patients underwent VV/VE, while 36 patients under-
went a bilateral VE. Patients who underwent bilateral VV
had a significantly higher patency rate (95%) than patients
who had unilateral VV and VE (83%) and patients who had
bilateral VE (83%, p �0.05), as shown in table 3. However,
pregnancy rates did not differ significantly among the proce-
dures performed.

A total of 28% (76) patients had evidence of at least a
unilateral sperm granuloma on physical examination before
treatment (all of which were subsequently confirmed histo-
logically). Of these 76 men, 65 underwent a bilateral VV,
while 5 had a VV/VE and 6 men a bilateral VE. After reversal
patients with a palpable sperm granuloma had a patency of
95% vs 78% for patients without a sperm granuloma, a trend
which did not quite reach statistical significance (p � 0.07).
There was no significant difference in pregnancy rates with
or without sperm granuloma (83% vs 78%).

DISCUSSION

The patency rate after vasectomy did not significantly
change with increasing obstructive interval even at intervals

greater than 15 years. This finding conflicts with previous
vasectomy reversal studies which consistently reported an
inverse relationship between patency and obstructive inter-
val.3–5 These results may reflect our policy of routinely per-
forming VE in the face of intravasal azoospermia (except
when copious clear fluid is present) as well as the use of
newer VE techniques with higher reported patency
rates.1, 7–11

The difference in patency rates between the VV and VE
procedures is similar to that reported previously from our
institution.12, 13 In the present study the frequency of VE
procedures was similar (approximately 25%) among obstruc-
tive intervals, thus our outcomes cannot be attributed solely
to differences inherent in the reconstructive approach.

The pregnancy rate after vasectomy reversal at our insti-
tution remained constant (at 82% to 89%) for obstructive
intervals less than 15 years. This absence of an inverse
relation between pregnancy rate and obstructive interval up
to 15 years, as well as the high pregnancy rate during the
interval, differs from prior reversal studies.3–5 Pregnancy
rates were significantly lower (44%) in our series for patients
with obstructive intervals greater than 15 years, which con-
curs with results from previous studies.3–5

A discrepancy between patency and pregnancy rates after
reconstruction was noted across all obstructed intervals in
our series. This disparity widened with increasing interval,
from 2% for obstructed intervals less than 5 years to 45% for
intervals greater than 15 years. The difference between pa-
tency and pregnancy rates which has been noted in previous
studies may be the result of female factors, antisperm anti-
bodies,14 a time dependent post-vasectomy germ cell dam-
age15, 16 or post-vasectomy epididymal dysfunction.

The frequency of palpable sperm granulomas in our series
(28%) was in accord with prior reports.17 Previous studies
have demonstrated an association between the presence of
sperm granuloma and the intraoperative finding of better
quality vasal fluid.6, 17 This beneficial effect of sperm granu-
loma is thought to be due to a “pop off valve,” pressure
releasing effect of the granuloma on the proximal duct sys-
tem.18 That is, the increase in intratubular pressure which
occurs after vasectomy may induce rupture of the epididymis
and subsequent epididymal obstruction.19, 20 Formation of a
granuloma at the vasectomy site, reflecting leakage of sperm
and a subsequent decrease of intratubular pressure, may
thus prevent epididymal obstruction. This potential protec-
tion of the epididymis may be reflected by our experience in
that the subset of patients with a sperm granuloma had a
lower incidence of unilateral or bilateral VE (11 of 76 or 14%)
than patients without a sperm granuloma (43 of 137 or 31%).

In spite of the presumed benefit of sperm granuloma, pre-
vious studies have failed to demonstrate an improvement in
patency or pregnancy rates in the presence of a granuloma.4, 5

Likewise, although our study demonstrated a trend toward
increased patency associated with sperm granuloma, this

TABLE 1. Patient characteristics by obstructive interval

Obstructive Interval
(yrs) No. Pts

Mean Age
% Pts With 1 or

More VEMales Female
Partners

Less than 5 45 39 34 18
5–10 85 41 33 29
10–15 56 44 32 25
Greater than 15 27 49 34 26

TABLE 2. Impact of obstructive interval on postoperative outcomes

Obstructed Interval
(yrs) No. Pts No. With Vasal

Patency (%)
No. Clinical

Pregnancies (%)

Less than 5 45 41 (91) 40 (89)
5–10 85 75 (88) 70 (82)
10–15 56 51 (91) 48 (86)
Greater than 15 27 24 (89) 12 (44)

TABLE 3. Outcome according to procedure performed

Reconstruction
Type

No.
Performed

No. Vasal Patency
Rate (%)

No. Pregnancies
Achieved (%)

VV/VV 159 151 (95) 132 (83)
VV/VE 18 15 (83) 13 (72)
VE/VE 36 30 (83) 29 (81)
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association did not reach statistical significance (p � 0.07).
Moreover, there was no difference in pregnancy rates with or
without sperm granuloma.

CONCLUSIONS

The results of our study may be useful in counseling pa-
tients seeking post-vasectomy fertility. The information here
concerning the chance for successful vasectomy reversal is
particularly relevant when considering the current alterna-
tive to reversal, IVF/ICSI, using aspirated sperm. Our data
indicate that for obstructive intervals less than 15 years
vasectomy reversal yields much higher pregnancy rates than
IVF/ICSI, and that even for intervals greater than 15 years
reversal outcomes equal or exceed those of IVF/ICSI. Rever-
sal is a more cost-effective option regardless of the interval
since vasectomy, especially for couples seeking more than 1
child post-vasectomy.
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Infertility currently affects approximately 15%
of all couples, with an increase anticipated over the
next 20 years [1,2]. Approximately 50% of cases of
infertility may be attributed to male factors. Male

reproductive medicine has undergone significant
changes in recent years, and the advent of assisted
reproductive technology (ART) has substantially

improved our ability to successfully manage male
factor infertility. Specifically, improved techniques
in microsurgical reconstruction and refinement in

techniques for sperm retrieval combined with in
vitro fertilization (IVF) and intracytoplasmic
sperm injection (ICSI) have materially altered our

ability to treat obstructive azoospermia.
Selecting the optimal therapy for couples with

obstructive azoospermia can be challenging. In
this article, we limit our discussion to patients

with reconstructable obstruction, such as the
common situation of men desiring fertility after
vasectomy. Sperm retrieval with IVF/ICSI offers

the allure of early achievement of a relatively high
live delivery rate, although its use consigns the
female partner to the greater costs and complica-

tions of an IVF cycle and potential health
problems in the resulting offspring. In contrast,
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York, NY 10021.

E-mail address: mgoldst@med.cornell.edu

(M. Goldstein).

0094-0143/08/$ - see front matter � 2008 Elsevier Inc. All righ

doi:10.1016/j.ucl.2008.01.005

Downloaded for Anonymous User (n/a) at Weill Cornell Medicine S
July 20, 2022. For personal use only. No other uses without perm
surgical reconstruction does not require treatment
of the female partner, and pregnancy usually
occurs naturally after sexual intercourse. How-
ever, reconstruction may not always be successful,

and the time to achieve a pregnancy is longer,
especially in patients who have endured long
durations of obstruction. We examine the various

therapeutic options available for surgical recon-
struction and sperm retrieval, specifically their
rates of success and attendant costs in an effort to

define the optimal treatment for couples with
obstructive azoospermia.
Methods of surgical reconstruction

Vasovasostomy

The first-line method for surgical reconstruc-
tion of obstructive azoospermia secondary to

vasectomy consists of vasovasostomy, in which
the obstructed length of vas deferens is excised and
the cut ends are reanastomosed [3,4]. Microsurgi-

cal reconstruction seems to be superior to macro-
surgical reconstruction and currently represents
the standard of care. Variations of the microsurgi-

cal technique exist, includingmultilayer vasovasos-
tomy versus a modified single-layer adaptation.

Vasoepididymostomy

Some patients with obstructive azoospermia

require a vasoepididymostomy instead of
ts reserved.
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a vasovasostomy if their epididymis is found to be
obstructed. Vasoepididymostomy consists of anas-
tomosing a patent epididymal tubule directly to

the vas deferens, thus bypassing any obstruction in
the epididymis distal to the tubule. Multiple
techniques have been described, although three
variations are currently used: direct end-to-end,

direct end-to-side, and end-to-side intussusception
[5]. Epididymal obstruction and the need for vaso-
epididymostomy seem to be related to the duration

of deferential obstruction [6–8]. Fuchs and Burt
[6], for example, reported that 62% of patients
who had undergone vasectomy at least 15 years

before reversal required vasoepididymostomy.
Significantly lower patency and pregnancy rates
have been reported after vasoepididymostomy
compared with vasovasosotomy [5].
Methods of sperm acquisition

One should note that all methods of sperm
acquisition consign the female partner to IVF/
ICSI for successful fertilization and delivery.

Microsurgical epididymal sperm aspiration

Microsurgical epididymal sperm aspiration
(MESA) was introduced in the 1980s by Temple-

Smith and colleagues and Silber and colleagues
[9,10] originally to enable sperm retrieval in the set-
ting of congenital bilateral absence of the vas defer-

ens. It consists of microsurgically exposing the
epididymis, incising the epididymal tunic, and then
aspirating sperm-filled epididymal fluid. MESA en-

ables the collection of large quantities of motile
sperm for cryopreservation.

Percutaneous epididymal sperm aspiration

Percutaneous epididymal sperm aspiration
(PESA) was introduced in 1994 by Craft and
Shrivastav [11,12] as a simpler, less invasive alter-

native to MESA for patients with obstructive
azoospermia who were unable to undergo or
who decided against surgical reconstruction. A
needle is introduced through the skin into the ep-

ididymis and is then aspirated. Three pregnancies
(43%) were obtained in seven couples, and one set
of twins was delivered in the original description

[12]. Criticisms of this technique include fre-
quently unreliable sperm retrieval [5]. Our data
analysis focuses on the more reliable microsurgi-

cal approach.
Some surgeons prefer MESA or PESA as the

source of sperm in obstructive azoospermia,
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because epididymal sperm tend to be more mature
and are obtainable in higher, bankable numbers
relative to that obtained from the testis [13]. In

1998, Sheynkin and colleagues [14] compared per-
cutaneous and microsurgical sperm retrieval in
men with obstructive azoospermia. Nine men
underwent simultaneous MESA, testicular fine

needle aspiration, and PercBiopsy. As expected,
the mean number of sperm retrieved via MESA
(15 � 106) was higher than that retrieved percuta-

neously (testicular fine needle aspiration¼ 0.014 �
106 and PercBiopsy ¼ 0.116 � 106). Overall, tes-
ticular sperm aspiration pregnancy rates have

been reported to be as high as 31%, with a calcu-
lated live delivery rate of 27% if one assumes
a miscarriage rate of 11.6% rate after ICSI
[15,16]. Similarly, PESA pregnancy rates have

been reported to be as high as 43%, with a calcu-
lated live delivery rate of 38% if one makes a sim-
ilar assumption regarding ICSI miscarriage rate

[12,16,17].

Open testis biopsy

The original description of sperm retrieval for
assisted reproduction by open testicular biopsy

was proposed by Silber and colleagues [18] in
1995. Multiple pieces of testicular tissue from
the same incision are taken for use in IVF/ICSI.

Microsurgical testicular sperm extraction

Microsurgical testicular sperm extraction
(TESE), as described by Schlegel and colleagues
[19] in 1999, uses the operating microscope to

identify larger caliber, sperm-containing seminif-
erous tubules. Microsurgical TESE is traditionally
used in the setting of nonobstructive azoospermia

and offers the advantages of less bleeding and
greater sperm extraction per gram of testicular tis-
sue extracted. It plays little role in the setting of

obstructive azoospermia.

Percutaneous testicular sperm extraction

Like PESA, percutaneous TESE offers a less
costly and invasive alternative to its microsurgical

counterpart. A needle is introduced percutane-
ously into the testis and is then aspirated; the
tissue obtained is then processed for use in IVF.

Percutaneous TESE also represents a less invasive
choice compared with open testis biopsy,
although less tissue is generally obtained with

the percutaneous technique. Belker and colleagues
[15] described a 100% sperm retrieval rate when
used in obstructed patients. Fine-needle mapping
amuel J Wood Library from ClinicalKey.com by Elsevier on 
ssion. Copyright ©2022. Elsevier Inc. All rights reserved.
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as described by Turek and colleagues [20] is de-
signed for use in nonobstructive azoospermia
and plays little role in this particular analysis.

Outcome metrics

This article focuses on three main metrics to

assess outcomes: (1) cost, (2) effectiveness, and (3)
various analytic methods to combine the in-
formation embodied in cost and effectiveness
data.

Costs

Costs may be broken down into two main
components: direct and indirect [21–23]. Direct

costs encompass expenditures for medical prod-
ucts or services, including office examination
fees, surgeon fees for microsurgical reconstruction
or sperm retrieval, associated anesthesia and oper-

ating room or facility fees, recovery room fees, the
cost of diagnostic imaging tests, the cost of blood
tests, the cost of gonadotropins if IVF/ICSI is

used, and finally the cost of the IVF cycle, includ-
ing all technical and professional fees if sperm re-
trieval is chosen. Indirect costs represent the

economic impact that occurs from morbidity,
mortality, or loss of livelihood secondary to a pro-
cedure. In this analysis, indirect costs would repre-

sent the economic impact of procedure-associated
complications, lost productivity because of time
away from work, and the impact from multiple
gestation pregnancies that may ensue.

This analysis uses complication and multiple
gestation rate data that have appeared in the peer-
reviewed literature. Male infertility procedure-

related complications include bleeding, infection,
and testicular atrophy and occur at a rate of 0.3%
to 2% [5,24,25]. Maternal complications caused

by IVF are estimated to occur in 3% to 6% of
all cases and include ovarian hyperstimulation
syndrome, pelvic hemorrhage, infection, stroke,

myocardial infarction, and possibly ovarian can-
cer [26–29]. The impact of multiple gestation preg-
nancies has been well studied. Such pregnancies
are associated with higher rates of neonatal com-

plications and longer intensive care unit stays
compared with singleton infants [27,30]. Much
of the increase in costs associated with higher or-

der gestations can be traced to greater neonatal
lengths of stay in addition to greater direct use
of medical resources.

It is important to note that the true cost of care
is best represented by the amount resources
consumed in providing that care. Because the
Downloaded for Anonymous User (n/a) at Weill Cornell Medicine S
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true economic burden of providing services is
usually difficult to measure, charges are instead
used as a proxy [31]. Charges are set by the mar-
ketplace and may not accurately reflect the true

burden of providing care, although they do repre-
sent the best available metric for cost-effectiveness
evaluations.
Effectiveness

Multiple definitions of success are possible
when treating obstructive azoospermia. Patency,
as signified by the return of sperm to the ejaculate,

may be used as one measure of success with
surgical reconstruction. Successful fertilization
and pregnancy after reconstruction or sperm re-

trieval may constitute a separate metric. Finally,
delivery of at least one or more live children after
either treatment may represent yet another mea-

sure of success. It is the opinion of the authors
that live delivery represents the most relevant and
appropriate metric to consider: the outcome of
most value to couples is the delivery of at least one

live child. All other markers of success are of
secondary value.
Analysis and evaluation methods

Economic analyses weave the dual components
of cost and effectiveness into a rational framework
for decision making. Because choices must be
made between alternative uses of scarce or limited

health care resources, economic analyses are able
to consider cost and outcome to arrive at an
optimal allocation decision [21–23]. Different types

of economic analyses include cost-identification
analysis, cost-effectiveness analysis, and cost-bene-
fit analysis [31,32].

Cost-identification analysis consists of ascer-
taining the economic resources involved in pro-
viding a product or service or that involved in
disease burden. Cost-identification studies do not

consider the benefits derived from the expenditure
of economic resources. In contrast, cost-effective-
ness analysis considers the cost of providing

a service in addition to the benefit or outcome
that arises from that service; the metric given in
this type of analysis usually refers to cost per unit

of outcome. This evaluation allows a comparison
of the relative value of different treatment ap-
proaches. Cost-benefit analyses attempt to de-

termine if a given outcome is worth its requisite
cost to an individual. Clinical outcomes are trans-
lated into monetary terms via willingness-to-pay
amuel J Wood Library from ClinicalKey.com by Elsevier on 
ission. Copyright ©2022. Elsevier Inc. All rights reserved.
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approaches and the outcomes compared with the
benefits on a direct monetary basis.

Like most infertility-related peer-reviewed lit-

erature, this article focuses primarily on cost-
effectiveness analysis as a method of identifying
optimal treatment for obstructive azoospermia.
First, the effectiveness and then more importantly

the cost effectiveness of IVF treatments in general
are examined because they constitute a major
component of treatment by sperm retrieval. The

analysis then focuses on examining male factor
infertility treatments for obstructive azoospermia
in similar fashion.
In vitro fertilization studies

Effectiveness of in vitro fertilization
for male factor infertility

The most complete set of data regarding the
effectiveness of IVF for male factor infertility is

found within the Society of Assisted Reproductive
Technology (SART) database, published by the
Centers for Disease Control and Prevention under
the 1992 Fertility Clinic Success Rate and Certi-

fication Act [33]. A summary of SART data from
1995, the first available year, to 2004, the latest
available year, is shown in Table 1. Although

the number of total IVF cycles has risen from ap-
proximately 46,000 to 89,500 cycles over the inter-
vening years, the percentage of cycles undertaken

for male factor infertility alone has declined from
a peak of 32% to the current level of 17%.
Table 1

Summary SART statistics for 1995 to 2004 for couples underg

1995 1996 1997 1998

Total cycles

(fresh embryo,

nondonor eggs)

45,906 49,584 55,002 61,650

% cycles for male

factor infertility

by diagnosis

32.0 23.0 16.0 24.0

Pregnancies per cycle (%) 29.7 27.5 29.4 30.5

Live deliveries

per cycle (%)

25.3 22.6 24.0 24.9

Live delivery rate

for male factor

infertility (%)

21.0 24.3 25.5 27.1

Multiple gestation live births

single (%) 63.0 52.0 50.1 62.0

twin (%) 31.1 39.3 41.4 32.0

triplet or more (%) 5.9 8.7 8.5 6.0
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Similarly, the percentage of total ICSI cases used
for male infertility cases has declined from
57.8% in 2001 to 51.4% in 2004. The live delivery

rate for male factor infertility IVF cases in con-
trast has improved from 21% to 33% over the
same time period.

One should note that although the SART

summary data offer an impression of the effec-
tiveness of IVF-driven treatments for male factor
infertility, they do not offer fine enough resolution

to distinguish IVF treatments undertaken for
obstructive versus nonobstructive azoospermia
cases. SART data reflect a mixture of the two.

Theoretically, however, IVF treatments under-
taken solely for obstructive azoospermia should
be even more effective than the outcomes reported
by SART, as the nonobstructive azoospermia

cases reported by SART would be expected to
generally yield lower live delivery rates compared
with their obstructive counterparts.
Cost effectiveness

Neumann and colleagues [27] were the first to
study the cost of a successful live delivery with

an IVF pregnancy. Direct and indirect costs
were considered in this analysis. The cost per
live delivery ranged from $66,667 in 1992 dollars

with one cycle of IVF to $114,286 by the sixth
cycle in the study. A subgroup analysis that
examined couples with advanced maternal age

(ie, O 40 years) and male-factor subfertility (ie,
sperm concentration ! 20 million/mL or motility
oing assisted reproductive technology treatment

1999 2000 2001 2002 2003 2004

63,303 71,556 77,102 81,888 86,753 89,533

18.0 17.0 17.0 17.0 17.0 17.0

31.6 31.8 34.0 35.5 35.7 35.2

26.1 26.5 28.1 29.5 29.5 28.9

28.9 29.3 32.0 33.6 33.8 33.3

63.4 65.0 64.2 64.6 65.8 67.5

31.7 30.7 32.0 31.6 31.0 29.9

4.9 4.3 3.8 3.8 3.2 2.6

amuel J Wood Library from ClinicalKey.com by Elsevier on 
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! 40%) was conducted. The cost per live delivery
increased to $160,000 for the first cycle to
$800,000 by the sixth cycle.

Since the study conducted by Neumann and

colleagues, various other groups have examined
the costs of IVF. Chambers and colleagues [34]
performed a population-based costing study of re-

sources consumed during ART in Australia using
a decision analytic model that drew upon data
from the Australian and New Zealand Assisted

Reproduction Database. Direct costs were que-
ried from various fertility centers and rebates
through the Medicare or Pharmaceutical Benefit

Scheme. The cost per live delivery was calculated
to be $32,903 in 2005 Australian dollars, although
this cost increased to $182,794 for women older
than 42 years. The most complete survey of IVF

costs was perhaps undertaken in a review by
Collins [35] in 2002. The use of IVF was studied
in 48 countries, where direct and some indirect

costs were considered. The mean cost per live de-
livery in the United States was estimated to be
$58,394 in 2002 dollars per live birth, compared

with $22,048 in non-US countries. As in previous
studies, multiple gestation pregnancies were
shown to pose a significant economic burden,

costing 36% more than regular IVF singleton
pregnancies. Price elasticity estimates indicate
that a 10% decrease in IVF/ICSI costs would re-
sult in a 30% increase in overall ART use. Of

note, the study emphasized that most IVF-related
economic studies in the peer-reviewed literature
possessed no outcomes assessment or comparison

with alternative policies.
The costs of multiple gestation pregnancies

have been well studied. The landmark study by

Callahan and colleagues [30] demonstrated that
predicted charges for an IVF singleton pregnancy
were $9845 in 1991 dollars, compared with
$37,947 for twins and $107,965 for triplets. Low

birthweight and gestational age were found to
represent the major contributors to the increased
Table 2

Summary of randomized controlled trials for in vitro fertilizat

Trial Reference Intervention

Ontario Soliman et al [40] IVF cycle ver

or IUI with

Illinois Karande et al [41] IVF cycle ver

and gonado

The Netherlands Goverde et al [42] IVF versus IU

hyperstimu
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use of health care resources with IVF-related mul-
tiple gestation pregnancies [36]. Subsequent stud-
ies have confirmed the major contribution of
multiple gestation pregnancies toward overall

IVF cost. Lukassen and colleagues [37] retrospec-
tively compared the relative cost of twin versus
singleton IVF pregnancies in a single institutional

study in the Netherlands from 1995 to 2001. They
calculated the cost of twin pregnancies to be
V13,469 in 2002 euros, more than five times

higher than the V2,550 of a singleton pregnancy,
because of longer maternal and neonatal admis-
sions. Ledger and colleagues [38] modeled the

cost impact to the British National Health System
of IVF-related multiple births and concluded that
multiple gestation pregnancies represented 56%
of the cost of all IVF pregnancies, although they

represented less than one third of the total num-
ber of maternities in the United Kingdom. Single-
tons cost £3313 in £ year 2002 sterling, whereas

twins cost £9122, and triplets cost £32,354. Wøl-
ner-Hanssen and Rydhstroem [39] modeled the
use of single-embryo transfer, compared with ac-

tual standard two-embryo transfer protocols,
and concluded that although more cycles would
be needed to achieve a single live delivery with

single-embryo transfer, the strategy would still
be more cost efficient than the standard two-em-
bryo transfer protocol because of the lower rate
of twin pregnancies.

The highest quality studies to examine the cost
effectiveness of IVF consist of three randomized
controlled trials (Table 2). As the earliest, the

Ontario trial compared one stimulated treatment
cycle without embryo freezing versus a 6-month
period of untreated observation or elective con-

ventional therapy, including ovulation induction
and intrauterine insemination (IUI), in the
1980s [40]. The live delivery rate was 10% in
the former group versus 6% in the latter. The

marginal cost of live delivery was calculated as
$89,427 in 1992 Canadian dollars. A major
ion cost effectiveness

Marginal cost of delivery

(in trial year currency)

sus 6 mo of observation

ovulation induction

$89,427

sus 6 mo of clomiphene

tropin cycles

$21,627

I versus IUI/ovarian

lation

26,779 NLG

amuel J Wood Library from ClinicalKey.com by Elsevier on 
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weakness of the trials was that it occurred in the
1980s; ostensibly, the effectiveness of ART treat-
ments has since improved considerably. A second

trial in Illinois compared 46 couples undergoing
IVF to 50 couples randomized to 6 months of
standard therapy that consisted of three clomi-
phene cycles and three gonadotropin cycles

followed by four IVF cycles [41]. The former
group achieved a 35% pregnancy rate, whereas
the latter group achieved a 56% pregnancy rate.

As with the Ontario trial, only direct costs were
considered. The marginal cost of an additional
live delivery was calculated to be �$21,627 in

1999 dollars (ie, IVF was deemed to be not
only more expensive but also to offer less benefit).
The final trial occurred in the Netherlands [42].
Eighty-six couples with idiopathic subfertility or

male subfertility were assigned to six cycles of
IUI alone, 85 to six cycles of IUI with ovarian
hyperstimulation, and 87 to six cycles of IVF. Af-

ter 3.5 years, the live birth rates were 7.4%, 8.7%,
and 12.2%, respectively. Couples in the IVF arm
were more likely to discontinue treatment before

the maximum of six attempts. IUI (10,406 NLG
per live delivery for male subfertility in 1995
NLG) and IUI with ovarian hyperstimulation

(15,448 NLG per live delivery) were found to be
more cost effective than IVF (37,185 NLG per
live delivery), even at higher maternal ages,
when the effectiveness of IUI declines. Questions

regarding the generalizability of the Netherlands
trial arise because few couples undergo more
than three IVF cycles, whereas the trial tested

up to six cycles. Overall, these three trials differed
in terms of patient population, treatments of-
fered, and country-specific health economic

systems, thus potentially accounting for the dif-
ferences in results seen. It was unclear whether
these studies included patients with obstructive
azoospermia undergoing sperm acquisition and

IVF.
On a broader basis, one should note that the

improved live delivery rates and decreased mul-

tiple gestation rates with IVF reported by more
recent SART data might materially affect the
outcomes of the cost-effectiveness analyses men-

tioned. Direct comparison of the IVF studies is
also limited by the heterogeneity in the definition
of costs used. Some studies examined only direct

costs, whereas others included direct and indirect
costs. Finally, some studies assumed costs to be
equal to charges, whereas others considered the
two to be separate. Several well-written reviews

regarding the cost impact and cost effectiveness
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of IVF treatments have been published
[31,32,35,43,44].
Male factor infertility studies

Effectiveness of surgical techniques

The peer-reviewed literature was queried for
articles pertaining to microsurgical vasectomy re-

versal and sperm retrieval; specifically, a Medline
search using the terms ‘‘vasectomy reversal,’’ ‘‘vas-
ovasostomy,’’ ‘‘vasoepididymostomy,’’ ‘‘sperm re-

trieval,’’ ‘‘sperm aspiration,’’ ‘‘sperm extraction,’’
‘‘TESE,’’ ‘‘TESA [testicular sperm aspiration],’’
‘‘PESA,’’ ‘‘MESA,’’ and ‘‘testis biopsy’’ was con-

ducted. All relevant studies were identified, and
only articles that presented original primary data
sufficient to calculate patency, when relevant, and
live delivery rates were included for analysis. All

data from the studieswere pooled andare presented
in Tables 3–5.

The overall patency rate for vasectomy reversal

is approximately 86% in the peer-reviewed litera-
ture (see Table 3). The corresponding live delivery
rate in these studies is 58%. One should note that

the results of one study were substantially different
from the remainder of published literature; the ra-
tionale for this difference and the generalizability

of the study could not be determined [45]. In this
study, the overall reported patency rate was 90%
for the 3378 (86.5%) patients with data available.
Live delivery rates were 84% for the 1738

(44.5%) patients with data available. If data
from this particular study were separated from
the others, the overall patency rate for microsurgi-

cal vasectomy reversal would decrease to 81%,
and the live delivery rate would decrease to 44%.

More than the rate of successful sperm re-

trieval, the live delivery rate with sperm retrieval
techniques represents the critical metric of success
if a couple chooses retrieval as treatment for

obstructive azoospermia. According to the peer-
reviewed literature, the overall live delivery rate
for couples undergoing MESA is 44%. One
should note that Tables 3 and 4 present all vasec-

tomy reversal and MESA studies identified by
Medline and contain multiple studies from same
clinical groups. Some of these studies may repre-

sent subgroup analyses of an identical larger
patient population. Because improvements in sur-
gical technique may have occurred over time,

however, all studies have been presented in toto.
Data were gathered for the 1999 and 2005

years for TESE procedures from the SART
amuel J Wood Library from ClinicalKey.com by Elsevier on 
ssion. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 3

Patency and live delivery rates for peer-reviewed literature studying vasectomy reversal

Vasectomy reversal studies Patency rate (%)

Live delivery

rate (%)

Belker AM, Thomas AJ Jr, Fuchs EF, et al. Results of

1,469 microsurgical vasectomy reversals by the

Vasovasostomy Study Group. J Urol 1991;145(3):505–11

1231/1469 (84) 664/1469 (45)

Boorjian S, Lipkin M, Goldstein M. The impact

of obstructive interval and sperm granuloma on

outcome of vasectomy reversal. J Urol 2004;171:304–6

196/213 (92) 168/213 (79)

Chan PT, Goldstein M. Superior outcomes of microsurgical

vasectomy reversal in men with the same female partners.

Fertil Steril 2004;81(5):1371–4

22/27 (82) 22/27 (82)

Deck AJ, Berger RE. Should vasectomy reversal be performed

in men with older female partners? J Urol 2000;163:105–6

NA/29 (NA) NA/29 (NA)

Fuchs EF, Burt R. Vasectomy reversal performed 15 years

or more after vasectomy: correlation of pregnancy outcome

with partner age and with pregnancy results of in vitro

fertilization with intracytoplasmic sperm injection.

Fertil Steril 2002;77:516–9

147/173 (85) 66/173 (38)

Heidenreich A, Altmann P, Engelmann UH. Microsurgical

vasovasostomy versus microsurgical epididymal sperm

aspiration/testicular extraction of sperm combined with

intracytoplasmic sperm injection. Eur Urol 2000;37:609–14

120/156 (77) 81/156 (52)

Kolettis PN, Sabanegh ES, D’amico AM, et al. Outcomes

for vasectomy reversal performed after obstructive

intervals of at least 10 years. Urology 2002;60(5):885–8

57/74 (77) 26/74 (35)

Kolettis PN, Sabanegh ES, Nalesnik JG, D’Amico AM, Box

LC, Burns JR. Pregnancy outcomes after vasectomy

reversal for female partners 35 years old or older.

J Urol 2003;169(6):2250–2

37/46 (81) 15/46 (33)

Kolettis PN, Thomas AJ Jr. Vasoepididymostomy for

vasectomy reversal: a critical assessment in the era of

intracytoplasmic sperm injection. J Urol 1997;158:467–70

49/58 (85) 21/58 (36)

Kolettis PN, Woo L, Sandlow JI. Outcomes of vasectomy

reversal performed for men with the same

female partners. Urology 2003;61:1221–3

30/32 (93) 18/32 (56)

Matthews GJ, Schlegel PN, Goldstein M. Patency following

microsurgical vaso-epididymostomy and vasovasostomy:

temporal considerations. J Urol 1995;154:2070–3

164/200 (82) 65/200 (32)

Nalesnik JG, Sabanegh ES Jr. Vasovasostomy: multiple

children and long-term pregnancy rates. Curr Surg

2003;60:348

44/73 (60) 21/73 (28)

Schlegel PN, Goldstein M. Microsurgical vasoepididymostomy:

refinements and results. J Urol 1993;150:1165–8

77/110 (70) 43/110 (39)

Silber SJ. Results of microsurgical vasoepididymostomy:

role of epididymis in sperm maturation. Hum Reprod

1989;4:298–303

NA/190 (NA) 81/190 (42)

Silber SJ, Grotjan HE. Microscopic vasectomy reversal

30 years later: a summary of 4010 cases by the

same surgeon. J Androl 2004;25:845–9

3040/3378 (90) 1460/1738 (84)

Thomas AJ. Vasoepididymostomy. Urol Clin North Am

1987;14:527–38

172/228 (75) 59/228 (26)

Total 5386/6266 (86) 2808/4816 (58)
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Table 4

Live delivery rates for peer-reviewed literature studying microsurgical epididymal sperm aspiration

MESA studies

Live delivery

rate (%)

Anger JT, Wang GJ, Boorjian SA, et al. Sperm cryopreservation and in vitro

fertilization/intracytoplasmic sperm injection in men with congenital bilateral

absence of the vas deferens: a success story. Fertil Steril 2004;82(5):1452–4

21/30 (70)

Devroey P, Silber S, Nagy Z, et al. Ongoing pregnancies and birth after

intracytoplasmic sperm injection with frozen-thawed epididymal spermatozoa.

Hum Reprod 1995;10:903–6

3/7 (40)

Heidenreich A, Altmann P, Engelmann UH. Microsurgical vasovasostomy versus

microsurgical epididymal sperm aspiration/testicular extraction of sperm

combined with intracytoplasmic sperm injection. Eur Urol 2000;37:609–14

19/69 (28)

Janzen N, Goldstein M, Schlegel PN, et al. Use of electively cryopreserved

microsurgically aspirated epididymal sperm with IVF and intracytoplasmic

sperm injection for obstructive azoospermia. Fertil Steril 2000;74:696–701

82/141 (58)

Oates RD, Lobel SM, Harris DH, et al. Efficacy of intracytoplasmic sperm

injection using intentionally cryopreserved epididymal spermatozoa.

Hum Reprod 1996;11:133–8

8/31 (26)

Schlegel PN, Palermo GD, Alikani M, et al. Micropuncture retrieval of

epididymal sperm with in vitro fertilization: importance of in vitro

micromanipulation techniques. Urology 1995;46:238–41

13/27 (48)

Schroeder-Printzen I, Zumbe J, Bispink L, et al. Microsurgical epididymal sperm

aspiration: aspirate analysis and straws available after cryopreservation in patients

with non-reconstructable obstructive azoospermia: MESA/TESE Group Giessen.

Hum Reprod 2000;15(12):2531–5

35/93 (38)

Sharma RK, Padron OF, Thomas AJ Jr, et al. Factors associated with the quality

before freezing and after thawing of sperm obtained by microsurgical epididymal

aspiration. Fertil Steril 1997;68(4):626–31

64/131 (49)

Shibahara H, Hamada Y, Hasegawa A, et al. Correlation between the motility

of frozen-thawed epididymal spermatozoa and the outcome of intracytoplasmic

sperm injection. Int J Androl 1999;22(5):324–8

5/18 (30)

Silber SJ, Nagy ZP, Liu J, et al. Conventional in vitro fertilization versus

intracytoplasmic sperm injection for patients requiring microsurgical sperm

aspiration. Hum Reprod 1994;9:1705–9

20/48 (42)

Tournaye H, Devroey P, Liu J, et al. Microsurgical epididymal sperm aspiration

and intracytoplasmic sperm injection: a new effective approach to infertility as a result

of congenital bilateral absence of the vas deferens. Fertil Steril 1994;61:1045–51

3/14 (21)

Tournaye H, Merdad T, Silber S, et al. No differences in outcome after

intracytoplasmic sperm injection with fresh or with frozen-thawed

epididymal spermatozoa. Hum Reprod 1999;14(1):90–5

48/176 (27)

Zenke U, Jalalian L, Shen S, et al. The difficult MESA: findings from tubuli

recti sperm aspiration. J Assist Reprod Genet 2004;21(2):31–5

4/10 (44)

Total 372/843 (44)
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database, the former representing the earliest year
for which complete data were readily available

and the latter the latest year for which robust
SART data existed for TESE (see Table 5). Only
1.6% of cycles undergone for male factor infertil-

ity used TESE with IVF/ICSI to treat male factor
infertility in 1999 (1029 cycles); this percentage re-
mained unchanged for 2005 (1425 cycles). The live

delivery rate for TESE cycles increased from
28.3% to 33.6% (P ¼ .042) in couples in whom
sperm was successfully retrieved. Although the
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multiple gestation pregnancy rate decreased from
37% to 31.9% for all IVF cycles, it did not do

so for TESE cycles (29.6% to 28.0%, P ¼ .737).
The percentage of cycles resulting in triplet or
more infants in the latter group did decline from

5.8% to 2.1%, however (P ¼ .008). One should
note that the ‘‘TESE’’ designation within the
SART database does not differentiate between

sperm obtained via percutaneous TESE versus
microsurgical TESE versus open testicular
biopsy, nor does the database distinguish between
amuel J Wood Library from ClinicalKey.com by Elsevier on 
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Table 5

Society of Assisted Reproductive Technology live deliv-

ery rates for testicular sperm extraction patients for 1999

to 2005

1999 2005

Total number of cycles 62,991 88,422

% cycles for male factor infertility

with TESE/ICSI

1.6 1.6

% cycles for male factor infertility

with TESE/ICSI resulting

in live births

28.3 33.6

% male factor infertility

TESEþICSI live births

with multiple infants

29.6 28.0

% male factor infertility

TESEþICSI live births

with singleton

70.4 72.0

% male factor infertility

TESEþICSI live births

with twins

23.7 25.9

% male factor infertility

TESEþICSI live births

with triplets or more

5.8 2.1

Cycles in this table refer to those using use fresh,

autologous eggs with cervical transfer.
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obstructive versus nonobstructive azoospermia
for ‘‘male factor infertility.’’ The live delivery rates
cited by the database likely underestimate the suc-
cess rates that would be obtained by patients with

obstructive azoospermia.

Cost effectiveness: vasectomy reversal versus
sperm retrieval studies

Prior groups have compared different treat-

ments for obstructive azoospermia. Pavlovich and
Schlegel [25] studied the use of vasectomy reversal
via vasovasostomy or vasoepididymostomy versus

sperm retrieval via MESA and percutaneous and
testicular sperm retrieval with ICSI in men with
postvasectomy infertility and female partners

39 years old or younger. Direct costs for all proce-
dures were considered and surveyed from multiple
US centers reporting results for ICSI and vasec-
tomy reversal, as were the indirect costs of compli-

cations, lost productivity, and multiple gestation
pregnancies. Vasectomy reversal was calculated
to cost $25,475 per live delivery (95% confidence

interval: $19,609–$31,339) in 1994 dollars. Sperm
retrieval and IVF, in contrast, were calculated to
cost $72,521 per live delivery (95% confidence in-

terval: $63,357–$81,685). The main driver respon-
sible for the spread in costs in the sperm retrieval
arm consisted of IVF-associated and higher order
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gestation costs. They concluded that the most
cost-effective approach to postvasectomy infertil-
ity lay with microsurgical vasectomy reversal;
microsurgical vasectomy reversal was also the

most effective method with which to produce
a live delivery with only one intervention.

Kolettis and Thomas [46] next compared the

cost effectiveness of MESA to vasoepididymos-
tomy in the Cleveland Clinic experience. Fifty-
five men undergoing vasoepididymostomy for

vasectomy reversal were studied. A patency rate
of 85% was achieved at 6 months, with an accom-
panying live delivery rate of 36%. The cost of

MESA was calculated to be $51,024 per live deliv-
ery in 1997 dollars versus $31,099 for vasoepididy-
mostomy. These figures also considered the
impact of direct and indirect costs. Donovan

and colleagues [47] compared MESA versus re-
peat surgical reconstruction in postvasectomy pa-
tients in the University of Iowa experience. A

patency rate of 78% was achieved in the latter
group. Only direct costs were considered. The
cost per live delivery for MESA was calculated

to be $35,570 in 1998 dollars compared with
$14,892 for repeat vasectomy reversal.

Deck and Berger [48] described the University

of Washington experience with vasectomy reversal
compared with IVF/ICSI. The clinical course of
29 patients undergoing vasectomy reversal with
ovulating partners older than 37 years was retro-

spectively studied. With a patency rate of 75%,
the live birth rate achieved was 17%. The cost
per live delivery was calculated to be $28,530 in

2000 dollars, compared with $103,940 for testicu-
lar sperm aspiration /IVF/ICSI. These figures
only accounted for direct procedural costs and

did not consider the impact of indirect costs.
Meng and colleagues [49] also examined the is-

sue of vasectomy reversal through either micro-
surgical vasovasostomy or vasoepididymostomy

versus sperm retrieval via unspecified means by
use of a decision analytic model. In contrast to
the Pavlovich and Schlegel analysis, although di-

rect procedural costs were considered, the impact
of indirect costs was not; all costing data came
from a single institution. The results of the analy-

sis by Meng and colleagues favored vasectomy re-
versal as the more cost-effective treatment for
postvasectomy related obstructive azoospermia,

as long as postreconstruction patency rates could
be maintained more than 79%. Their analysis
calculated that the cost per live delivery for vasec-
tomy reversal in the base case scenario was

$38,983 in 2004 dollars, whereas that for sperm
amuel J Wood Library from ClinicalKey.com by Elsevier on 
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retrieval/ICSI was $39,506. Although their sensi-
tivity analysis suggested that the cost effectiveness
of vasectomy reversal depends on malednot fe-

maledfertility factors, it is important to note
that the effects of age on maternal fecundity
were not considered. It was also suggested that
sperm retrieval/ICSI would be more cost effective

in situations where the need for uni- or bilateral
vasoepididymostomy arose (ie, where the expected
patency rate of reconstruction would be lower).

Lee and colleagues (unpublished data) most
recently compared vasectomy reversal versus
MESA versus percutaneous TESE for the treat-

ment of obstructive azoospermia via use of a deci-
sion analytic model that accounts for direct and
indirect costs. Costing and IVF outcomes were
taken from population-based databases for maxi-

mum generalizability of results. The cost-effective-
ness performance of all three therapies was also
examined over time. In this study, the cost per

live delivery for vasectomy reversal was $20,019
in 1999, compared with $43,886 for percutaneous
TESE and $46,133 for MESA. In 2005, vasec-

tomy reversal ($21,304) remained the most cost-
effective treatment over TESE ($53,356) and
MESA ($55,317). The cost effectiveness of all

treatments during this time period improved
over projections by inflation. Unlike the analysis
by Meng and colleagues, however, sensitivity
analysis suggested that cost effectiveness of vasec-

tomy reversal was superior to MESA and TESE
under all conditions, implying that the additional
cost per pregnancy generated by the lower pa-

tency rates in patients requiring uni- or bilateral
vasoepididymostomy is still outweighed by the
cost of IVF in MESA and TESE. The duration

of obstruction becomes an insignificant factor in
deciding which therapy to recommend. Con-
versely, the improved cost effectiveness from an
enhanced ability to achieve successful delivery

with IVF is still outweighed by the indirect costs
of the therapy. The magnitude of IVF-related
indirect costs seemed to significantly alter the out-

come of this decision model compared with prior
studies. For instance, the probability- and infla-
tion-adjusted cost of multiple gestation pregnan-

cies alone ($31,637 in 1999 and $35,105 in 2005)
outweighed the procedural cost of an IVF cycle
in the base ($9765) and latter ($12,507) years of

the study.
It should be emphasized that all cost-effective-

ness studies reflect locoregional costs, which can
vary dramatically. As mentioned elsewhere in

the surgical literature, the results of the most
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experienced or successful surgeons form the basis
of this analysis, which creates further bias in the
results.
Summary

A detailed examination of the data regarding
surgical reconstruction versus sperm retrieval
with IVF/ICSI for the treatment of obstructive

azoospermia reveals several key points. First,
multiple techniques for surgical reconstruction
and sperm retrieval exist. Vasovasostomy re-
presents the first-line modality for surgical

reconstruction and is clearly preferable to vaso-
epididymostomy. MESA is more effective than
PESA in terms of quantity and quality of sperm

retrieved with consequent impact on live delivery
rates. Excellent sperm retrieval and pregnancy
rates can be achieved with epdididymal or testic-

ular sperm obtained by each of these techniques.
All modalities of sperm retrieval consign the
female partner of a couple to undergo the greater

costs and complications of an IVF cycle and
expose the resulting offspring to potential health
problems. It seems that reconstructive procedures
should be offered as a first-line therapy to couples

who seek conception after vasectomy. The treat-
ment eventually chosen by an individual couple,
however, should be an informed one based on the

data available.
Cost-effectiveness analysis reveals multiple im-

plications. First, although the direct cost of un-

dergoing IVF can be tremendous and may vary
greatly between countries, the indirect costs are
even more significant, most specifically because of
the impact of multiple gestation pregnancies.

Randomized controlled trials have failed to con-
sistently demonstrate the cost effectiveness of IVF
over conventional, less invasive fertility treat-

ments, such as IUI. When these data are taken
into consideration for sperm retrieval in the
treatment of obstructive azoospermia, it is clear

why multiple studies have demonstrated the
superior cost effectiveness of surgical reconstruc-
tion over sperm retrieval in linear and decision

analytic models: the cost of the IVF that must be
coupled to sperm retrieval is so great that it
becomes a less cost-effective therapy compared
with surgical reconstruction.
Limitations

It is important to note that limitations exist
with cost-effectiveness analysis. Cost-effectiveness
amuel J Wood Library from ClinicalKey.com by Elsevier on 
ssion. Copyright ©2022. Elsevier Inc. All rights reserved.
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analysis by its nature involves implicit assump-
tions and judgments. First, such analysis operates
on the premise of maximizing health care benefits
across a target population given a limited amount

of economic resources (ie, it encompasses a socie-
tal perspective). Individual outcomes to specific
patients are not considered, because the analysis

instead considers net gains and benefits to all
individuals in the population equally. Issues such
as equity in individual access to health care

services, the internal validity and comparability
of cost-effectiveness studies, and the external
validity of applying generalized cost-effectiveness

models to specific locoregional conditions all
remain unanswered.

Many of the studies assumed costs to be equal
to charges to best evaluate the overall impact of

ART on society. The impact on individual pa-
tients and individual patient willingness to un-
dergo ART varies depending on the extent of

specific health insurance coverage. None of the
studies considered the downstream costs of raising
children conceived by ART; higher rates of

chromosomal anomalies, prematurity, and low
birthweight are found in ART children, which
would lead to greater downstream costs in chil-

dren born via sperm retrieval IVF [50–52]. Petrou
and colleagues, for example, studied the cumula-
tive cost impact of preterm birth infants and
found longer duration of hospital admissions,

significantly greater inpatient service costs, and
a persistent cost difference of £11,958 in £ 1998
sterling up to £14,614 over the first 5 years of

life depending on gestational age. Few studies
also considered the issue of maternal age impact
on fecundity. For example, vasectomy reversal

would represent a suboptimal therapy with
greater maternal age; couples would be more
likely to choose sperm retrieval in the interests
of expediting the time to pregnancy and delivery,

yet few of the studies considered this trend. How
would the decision process be altered if a couple
desired more than one child? Finally, some of

the broader effects of ART were also not consid-
ered. The economic impact of multiple births,
for instance, on downstream social welfare and

public health programs may become significant
in the future. What proportion of public resources
should optimally be used to help pay for ART

versus other potentially life-saving or extending
technologies? What is the most efficient allocation
of these resources, and how does one determine
who should be the recipients? These are critical

and possibly the most important questions that
Downloaded for Anonymous User (n/a) at Weill Cornell Medicine S
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remain unanswered in the limited scope of cost-
effectiveness analysis.
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A SIMPLIFIED METHOD OF EPIDIDYMAL SPERM ASPIRATION 

GERALD J. MATTHEWS, AND MARC GOLDSTEIN 

ABSTRACT 
We present a simple technique of epididymal sperm aspiration that uses inexpensive and readily available ma 
terials. Men undergoing epididymal reconstruction with vasoepididymostomy or autogenous sperm reservoir had 
sperm aspiration for cryopreservation. Mean total and total motile sperm per aspirate recovered from 25 men 
have been 25.1 f 4.8 x 106 and 4.0 k 1.4 x 1 06, respectively. Two ongoing pregnancies have been achieved 
with intracytoplasmic sperm injection using thawed epididymal sperm. Sperm aspiration and cryopreservation 
maximize a couple’s fertility potential with a single procedure and provide a viable fertility alternative to a sec- 
ond surgical procedure in the event of a primary reconstructive failure. mOL(XX@ 47: 123-l 25, 1996. 

M en undergoing a microsurgical vasoepididy- 
mostomy (VE) or an autogenous sperm reser- 

voir (ASR) procedure face a significant possibility of 
reconstructive failure. We have previously reported 
that the likelihood of a durable response, as mea- 
sured by the recovery of motile sperm either in the 
ejaculate following a VE or from a percutaneous as- 
piration of an ASR is 52% and 47%, respectively’,* 
For men who fail initial reconstructive attempts, 
the only alternative available for those desiring a 
pregnancy is a repeat surgical procedure. However, 
if sperm were recovered and cryopreserved at the 
time of the initial surgery, an alternative to a second 
surgical procedure can be considered. 

We have attempted to maximize ultimate success 
in a single procedure by using a simple and atrau- 
matic method of sperm recovery at the time of epi- 
didymal reconstruction. This method uses inexpen- 
sive materials, readily available in most operating 
theaters. We currently offer all men with epididy- 
ma1 obstruction the option for simultaneous epi- 
didymal sperm aspiration and cryopreservation. 

TECHNIQUE 
Our technique for the construction of an ASR and 

for microsurgical VE has previously been re- 
ported. 2*3 Prior to reconstruction and epididymal 
sperm recovery, communication with the sperm 
bank or in vitro fertilization (IVF) laboratory is 
made to ensure the timely processing and cryopres- 

From the Center for Male Reproductive Medicine & 
Microsurgery, James Buchanan Brady Foundation, Department 
of Urology, The New York Hospital-Cornell Medical Center, 
New York, New York 

Reprint requests: Marc Goldstein, M.D., Department of 
Urology F-900, The New York Hospital-Cornell Medical 
Center, 525 East 68th Street, New York, NY 10021 

Submitted: May 30, 199.5, accepted (with revisions): 
September 15, I995 

UROLOGY@ 47 (11, 1996 

ervation of the aspirate. Using an operating micro- 
scope, epididymal tubule dissection and aspiration 
are performed using x 15 to x32 magnification. The 
epididymal tubule and tunic are prepared for either 
VE or an ASR. Meticulous hemostasis is obtained 
with micro-bipolar forceps prior to aspiration, as 
the presence of erythrocytes and leukocytes has 
been demonstrated to diminish sperm function.4T5 

The most distal tubule containing clear or opales- 
cent fluid should be selected. Tubules containing 
yellow inspissated material should be avoided. A 
OS- to 1.5mm buttonhole is made in the epididy- 
ma1 tubule with fine blunt-tipped microscissors. Al- 
ternatively, the epididymal tubule may be sharply 
incised with a microknife. After opening the epi- 
didymal tubule, a 5-yL micropipette with a 0.5-mm 
internal diameter, 0.9-mm outer diameter, and 
scored at 1-p,L intervals (Drummond Scientific Co., 
Broomall, Pa) is placed adjacent to the effluxing 
epididymal tubule. A standard hematocrit pipette is 
also satisfactory and readily available. 

Sperm are drawn into the micropipette by simple 
capillary action. Negative pressure, as is generated 
by action of an in-line syringe, should not be ap- 
plied during sperm recovery, as this may damage 
the delicate epididymal mucosa. For this reason, we 
do not recommend a syringe and angiocatheter tech- 
nique. The micropipette/capillary action technique 
provides a direct visual confirmation and quantifi- 
cation of epididymal fluid recovery (Fig. 1). Air 
drawn into a syringe during the negative pressure 
aspiration of epididymal fluid results in less precise 
volume quantification and a more difficult transfer 
into buffer. Multiple micropipettes may be used si- 
multaneously to increase speed of recovery With 
patience, 10 to 20 FL of epididymal fluid is easily 
recovered in no more than 5 to 10 minutes. 

The highest rate of flow is observed immediately 
following incision of the tubule; however, progres- 
sively better quality sperm are found following the 
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FIGURE 1. The technique of atraumatic sperm 
recovery by simple capillary action. 

initial washout. Gentle compression of the testis 
and epididymis enhances flow from the incised 
tubule. During fluid recovery, a drop is examined 
under the microscope to confirm the presence of 
sperm. Since processing techniques, including pen- 
toxifylline incubation, stimulate sperm motility, we 
aspirate in the presence of both motile and non- 
motile sperm. If intact sperm are not encountered, 
then a more proximal epididymotomy is performed. 

The micropipette is connected to a short (3 to 
5 cm) segment of medical grade silicone tubing 
(American Scientific Products, McGaw Park, Ill) 
(Fig. 2). Alternatively, the tubing attached to a 
butterfly needle may be used. A 20-gauge needle 
fitted to a Luer-tip syringe is then placed in line 
(Fig. 2). The fluid is flushed into a sterile con- 
tainer of buffer solution (0.5 to 1.0 mL) obtained 
from the sperm-processing laboratory. Once a mi- 
cropipette has been used, it is discarded. Residual 
fluid in the pipette will disrupt capillary action. A 
typical procedure requires 4 to 8 micropipettes. 

The sperm bank is instructed to cyropreserve 
the aspirate in multiple straws (aliquots), so that 
several IVF cycles may be used if required. At our 
institution, epididymal aspirates are diluted in an 
equal volume of glycerol cryoprotectant. Aliquots 
are then slowly cooled to 4X, transferred to a se- 
quential freezer for refrigeration to -90°C prior to 
immersion in liquid nitrogen (-196°C). 

RESULTS 
The results of atraumatic epididymal sperm as- 

pirations are presented for the last 25 men un- 
dergoing either a VE procedure (n = 15) or the 
creation of an ASR (n = 10) (Table I). In each 
case, epididymal fluid was rapidly recovered with 
no more than 10 minutes of added surgical time. 
Motile sperm were recovered from the epi- 
didymides and cryopreserved in 21 of 25 (84%) 
men. As the epididymal aspirate was immediately 
diluted in a buffer solution, aspirate volume and 
sperm density recorded by the processing labora- 

FIGURE 2. Materials [micropipettes, silicone tubing) 
used for atraumatic sperm recovery. 

tory do not accurately represent the initial aspi- 
rate parameters. Semen parameters reported are 
limited to percent motility, total sperm per aspi- 
rate, and total motile sperm per aspirate. 

Two couples, the male partners with congenital 
absence of the vas deferens and having undergone 
the microsurgical creation of an ASR, elected to 
undergo an IVF cycle with aspirated cryopreserved 
sperm prior to an evaluation of reservoir status. 
Two ongoing pregnancies have been established 
for these couples using IVF with intracytoplasmic 
sperm injection (ICSI). 

COMMENT 
In reviewing treatment outcomes following 100 

consecutive VE procedures, we observed the re- 
turn of motile sperm in only 52 men.’ Subse- 
quently, 21% (11 of 52), after initial demonstra- 
tion of patency with motile sperm, have 
experienced a late anastomotic fai1ure.l Similarly, 
motile sperm have been recovered by percutaneous 
aspiration from only 47% of men undergoing an 
ASR procedure. ’ For the majority who fail epi- 
didymal reconstruction, fertility treatment options 
necessitate additional surgical procedures. 

The technique of atraumatic epididymal sperm 
aspiration presented provides couples with an al- 
ternative to surgery following reconstructive failure. 
The method of sperm recovery presented should 
not be confused with the technique of epididymal 
micropuncture with sperm aspiration (MESA) .6 Epi- 
didymal micropuncture requires highly modified 
micropipettes used to puncture into the lumen of 
an individual epididymal tubule. These micropip- 
ettes are not commercially available and must be 
hand-manufactured from commercial stock. The 
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TABLE 1. Aspirate parameters are summarized for the entire cohort and for men undergoing 
either a vasoepididymostomy procedure or the creation of an autogenous sperm reservoir* 

Motility Total Sperm/Aspirate Total Motile Sperm/Aspirate 
Cohort (n = 25) 15.2 + 3.7 25.1 f  4.8 x 1 O6 4.0 f  1.4 x 106 

Range: O-66% 1.6-106 x 10s O-26.5 x lo6 
ASR(n = 10) 20.2 f  6.9 32.1 f  9.6 x 1 O6 5.6 + 2.6 x lo6 

Range: O-66% 4.9-l 06 x 1 O6 O-26.5 x lo6 
VE (n = 151 1 1.8 f  4.0 20.4 f  4.6 x lo6 3.0 f  1.6 x lo6 

Range: O-56% 1.6-60 x 106 O-23 x lo6 

*No difference in sperm motility was observedfor men undergoing either a vasoepididymostomy WE) or autogenous sperm reservoir (ASR) procedure (P = NS). 

equipment used for the modification of micropip- 
ettes for epididymal micropuncture is not available 
at many institutions and requires technical skill to 
fashion a micropipette suitable for epididymal mi- 
cropuncture. The technique we present has a min- 
imal learning curve and requires no specialized 
equipment. On the contrary, we have successfully 
recovered motile sperm using standard hematocrit 
pipettes attached to butterfly-needle tubing. 

Additionally, for men with reconstructible tracts, 
a simultaneous epididymal micropuncture may 
compromise surgical results. MESA typically uses 
epididymal micropunctures at multiple points 
along the length of the epididymis. VE, performed 
in conjunction with MESA, thus requires an anas- 
tomosis proximal to the highest level of epididymal 
micropuncture. This results in a sacrifice of poten- 
tially viable epididymal length. We have previously 
reported that no man undergoing a simultaneous 
ASR with epididymal micropuncture has had sperm 
recovered from his ASR.2 The technique of atrau- 
matic aspiration of epididymal sperm with cryo- 
preservation offers the clinician a simple and inex- 
pensive method of sperm collection and the couple 
the opportunity to maximize their chances for fer- 
tility with a single procedure without compromise 
of the primary reconstructive efforts. For men with 
congenital absence of the vas deferens in whom a 
simultaneous IVF/ICSI cycle is to be undertaken 
with epididymal sperm, epididymal sperm quality 
should be maximized. This may necessitate multi- 
ple epididymal micropunctures. 

We do not recommend sperm aspiration and 
cryopreservation at the time of vasovasostomy 
(VV). As motile sperm are observed in the ejacu- 
late of 98% of men following W in our hands, we 
believe that postoperative sperm collection is more 
economic and practical for men undergoing a W.’ 
We also recommend postoperative sperm banking 
for all men with motile sperm in the ejaculate fol- 
lowing a VE procedure. 

The pregnancies established with cryopreserved 
sperm recovered with this technique from patients 
undergoing a simultaneous reconstructive proce- 
dure reinforces the concept of maximizing a cou- 
ple’s reproductive options. Pregnancy with cryo- 
preserved sperm requires IVE Chances for 
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pregnancy will be maximized by IVF with ICSI. At 
our institution, pregnancy (ongoing) rates of 
38.5% per cycle are achieved with IVF/ICSI.7 Cur- 
rent per cycle costs for IVF/ICSI average $12,000. 
Couples should be informed of the risks, benefits, 
and costs for IVF and IVF/ICSI prior to surgery 
and sperm aspiration. Those unwilling to accept 
IVF should not be offered sperm cryopreservation. 

In our experience, the recovery of epididymal 
sperm is accomplished quickly with little added 
operating time. In 21 of 25 cases, motile sperm, 
in sufficient numbers for multiple cycles of IVF, 
were cryopreserved by the sperm bank. 

CONCLUSIONS 
It is incumbent on the clinician treating the in- 

fertile couple to maximize their options and there- 
fore their chances for a pregnancy with a single 
surgical procedure. The simultaneous atraumatic 
recovery of epididymal sperm is advantageous and 
practical for men in whom epididymal recon- 
struction is being considered. This technique is 
rapid, inexpensive, and requires no special or 
modified instruments. 
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