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bstract

We surveyed 2000 US urologists using mailed questionnaires. The aim of this survey was to estimate the incidence of pregnancy after
asectomy and to gather information on the surgical methods used. Of 586 responding urologists, 538 reported performing vasectomies, and
hey reported a total of 177 pregnancies during the preceding 5 years. Ninety pregnancies (51%) were attributed to unprotected intercourse
uring the immediate post-vasectomy period. The remaining pregnancies were attributed to recanalization or other less common causes of
ethod failure. Based on the number of vasectomies performed by these surgeons, about 1 pregnancy was reported per 1000 vasectomies.
his is probably an underestimate of the true rate. The risk of pregnancy was lower following vasectomies by surgeons who performed more

han 50 procedures per year. © 2004 Elsevier Inc. All rights reserved.
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. Introduction

Vasectomy is a simple and effective method of perma-
ent male contraception, used by approximately 40 million
ouples worldwide [1]. However, although vasectomy of-
ers several advantages over female sterilization [2], it re-
ains far less known and used, even in the countries,

ncluding the United States [1,3], where it constitutes a
ignificant family-planning method. In 1995, 11% of Amer-
can women of reproductive age reported relying on vasec-
omy for contraception; this prevalence has remained stable
ince the late 1970s and is markedly less than the 28% of
omen who reported having tubal ligation [3,4]. Improving

he knowledge of vasectomy among potential contraceptive
sers and family-planning services providers could add to
omen’s contraceptive options, and help reduce the number
f unintended pregnancies worldwide.

A review of the available literature on vasectomy shows
nresolved issues about this method [5]. The incidence of
asectomy failure among men who have undergone surgical
terilization remains uncertain and perhaps underestimated.
he available estimates of pregnancy rates after vasectomy
re mostly based on retrospective reviews of case series

* Corresponding author. Tel.: �1-919-405-1466; fax �1-919-544-
261.
iE-mail address: dsokal@fhi.org (D.C. Sokal).

010-7824/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
oi:10.1016/j.contraception.2003.12.009
rom single institutions, and often lack details on the length
f follow-up [5,6]. Furthermore, the effectiveness of avoid-
ng unprotected sex during the first weeks after vasectomy,
sensitive period during which pregnancy might occur, has

eceived little attention.
In the United States, data on vasectomy practice and

ailures are not collected routinely. We, therefore, surveyed
national sample of US urologists to document vasectomy
ractices and provide estimates of post-vasectomy preg-
ancy rates.

. Materials and methods

We mailed surveys to a random sample of 2000 practic-
ng US urologists in July 1998. The sample was randomly
elected from the American Medical Association (AMA)
aster file listing of all urologists. We stratified the sam-

ling into four census regions, and used a sampling proba-
ility proportional to the estimated numbers of vasectomies
erformed by urologists in each region [7]. The target sam-
le allocation by region was: North East, 20%; North Cen-
ral, 25%; South, 35% and West, 20%. The use of this
tandard sample probability allows the sample to be con-
idered nationally representative of vasectomy procedures
erformed by urologists in the United States.

We sent the same questionnaire in two successive mail-

ngs approximately 1 month apart. Each mailing included a
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over letter assuring respondents that their responses would
e anonymous, and the response format was designed to
ssure anonymity. We continued to receive responses for
bout 2 months following the second mailing. All re-
ponses, even those received late, were included in the
nalysis. We made a few telephone calls to physicians’
ffices to confirm that the survey instrument was received
nd was easy to fill out, but we did not have the resources
o systematically call physicians’ offices. No incentives
ere offered for completing the questionnaire.
We asked about vasectomy experience, years of vasec-

omy practice, numbers of procedures done during the pre-
ious 12 months, surgical methods used, follow-up rate and
umbers of reported pregnancies after vasectomies in the
ast 5 years, asking the respondents to differentiate preg-
ancies due to user failure and those attributed to technique
ailure. A separate page contained data on the sampled
rologist’s region and decade of birth, obtained from the
MA master file. The respondents were given the option of
ot returning this last page. The questionnaire was separated
rom the page containing demographic information imme-
iately after it was received, so that any identifying data was
nlinked immediately from the questionnaires upon receipt.

We summarized characteristics of vasectomy practice
ith descriptive statistics: minimum, maximum, median,
ean and standard deviation values for quantitative vari-

bles and distribution by category for qualitative variables.
n order to examine associations between variables, we
ategorized some quantitative variables as follows: �20 vs.
20 for the number of years of vasectomy practice, �50 vs.
50 for the number of vasectomies done during the last 12
onths, �90% vs. �90 % for the proportion of vasectomies

ollowed by semen analysis. We tested associations be-
ween variables and pregnancy outcomes with �2 tests and
ogistic regression. Tests of associations were adjusted by
egion.

To estimate the incidence of pregnancy, we made the
ssumption that the annual number of vasectomies reported
or the previous 12 months by all the respondents had been
onstant for the previous 5 years. The reported stability of
asectomy incidence nationally between 1991 and 1995 [7],
long with the large number of participants, makes this
ssumption reasonable. Urologists who had performed va-
ectomies for less than 5 years (n � 27) were excluded from
his analysis. The cumulative incidence of post-vasectomy
regnancy was calculated as the ratio of the total number of
eported pregnancies to the estimated 5-year total of vasec-
omies. Since timing of the events was not collected, this is
onsidered an estimate of the incidence of pregnancy 2.5
ears after vasectomy.

Poisson regression was used to examine factors associ-
ted with reported pregnancy after vasectomy, among the
rologists who had performed vasectomies for at least 5
ears. The number of reported pregnancies was entered in
he model as the dependent variable, and independent vari-

bles included the number of years of vasectomy practice,
he number of vasectomies performed, the percentage of
en returning for follow-up and the surgical method used,

ll expressed as categorical variables. Distinct models were
sed to examine the determinants of (a) all pregnancies, (b)
regnancies attributed to user failure and (c) pregnancies
ttributed to method failure. In the context of vasectomy
rocedures, a “user failure” is generally considered to be a
regnancy conceived during the 12-week waiting period
mmediately after vasectomy when couples are advised to
se a backup method of contraception.

. Results

Responses were obtained from 586 urologists, represent-
ng 29.3% of the target sample. Comparing respondents vs.
onrespondents, the distribution by census region was dif-
erent (p � 0.001 for �2 test), but the age distribution was
imilar (Table 1).

.1. Vasectomy practice

Five-hundred and thirty-eight of the 586 respondents
91.8%) reported having ever done vasectomies. The rest of
his analysis is limited to these 538 vasectomy providers.
hese providers had medians of: 20 years of vasectomy
ractice; 50 vasectomies performed during the preceding 12
onths and a 90% return rate of men for semen analysis

Table 2). Providers who began doing vasectomies more
ecently than 20 years ago reported having done more va-
ectomies during the last 12 months than the more senior
ractitioners (p � 0.02 for Mantel–Haenszel �2 test). More
en reportedly returned for semen analysis after procedures

y surgeons who performed fewer procedures during the
ast 12 months (p � 0.01 for Mantel–Haenszel �2 test).

able 1
haracteristics of respondents

Respondents
(n � 500)a

Total sample
(n � 2000)

n (%) n (%)

ensus region
North East 111 (22.2) 400 (20.0)
North Central 180 (36.0) 494 (24.7)
South 104 (20.8) 708 (35.4)
West 105 (21.0) 398 (19.9)

ecade of birth
1910 2 (0.4) 26 (1.3)
1920 18 (3.6) 110 (5.5)
1930 97 (19.5) 424 (21.2)
1940 188 (37.7) 691 (34.5)
1950 135 (27.1) 546 (27.3)
1960 58 (11.7) 203 (10.2)

a 86 respondents did not return the page containing demographic infor-
ation.
Of the vasectomy methods used routinely in the last 5
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ears, ligation plus cautery was the most commonly used
rocedure, by 39.2% of surgeons (Table 3). Overall, fascial
nterposition was used by 40% of surgeons in combination
ith various other techniques. Four-hundred providers

74% of the 538) checked only one of the listed vasectomy
echniques. The distribution of vasectomies by surgical
ethods was examined among providers who used the same

urgical procedure for all the vasectomies they performed
Table 3). Fascial interposition was used in 29% of these
asectomies. After adjustment by numbers of vasectomies
erformed and by region, urologists with 20 years or less of
asectomy practice were less likely to use one occlusion
ethod alone (logistic regression, p � 0.004) and more

ikely to use a combination of occlusion methods (logistic
egression, p � 0.01) (data not shown).

Fifteen surgeons, representing 2.8% of the sample, re-
orted ever using vas irrigation.

.2. Pregnancies after vasectomy

The 538 urologists reported a total of 177 pregnancies.
inety (51%) were early pregnancies and were attributed to

non-compliance with the recommended waiting period or
ailure of a backup contraceptive. . . .” and were reported to
ave been conceived “within a few weeks” of the vasec-
omy procedure. Eighty-seven (49%) were attributed to va-
ectomy failure “due to recanalization, duplicate vas, etc.,”
nd could have been conceived at any time post-vasectomy.

able 2
asectomy experience among the 538 vasectomy providers

ears of vasectomy practicea

asectomies performed during the last 12 monthsb

ercentage of men returning for semen analysisc

Missing values: a � 1; b � 5; c � 13.

able 3
istribution of urologists and vasectomies by vasectomy method used in

he last 5 years

ethod Urologists Vasectomiesa

n %b n %

igation � cautery 211 39.2 5412 20.1
igation � fascial interposition 158 29.4 3982 14.8
lips � cautery 104 19.3 5461 20.2
autery only 57 10.6 2461 9.1
igation only 47 8.7 3179 11.8
lips only 39 7.2 1729 6.4
autery � fascial interposition 28 5.2 2607 9.7
therc 51 9.5 2149 7.9
otal NA NA 26,980 100.0

a Among the 400 urologists who used only one method.
b Total � 100% because multiple answers possible.
c Combinations of the above techniques or other techniques, which had
pot been included on the questionnaire.
mong the 511 urologists who had been doing vasectomies
or at least 5 years, the estimated incidence of pregnancy 2.5
ears after vasectomy was 1/1000 procedures (95% confi-
ence interval (CI): 0.85/1000; 1.15/1000). The estimate
as 0.51/1000 procedures (95% CI: 0.40/1000; 0.62/1000)

or early pregnancies attributed to nonadherence, and 0.49/
000 (95% CI: 0.38/1000; 0.60/1000) for pregnancies at-
ributed to vasectomy failure.

The reported incidence of all pregnancies among the
rologists who had performed more than 50 vasectomies
uring the previous 12 months was half that of urologists
erforming fewer procedures (Table 4). The reported inci-
ence of pregnancies attributed to method failure tended to
e higher among urologists who had been doing vasecto-
ies for more than 20 years, but this result was of border-

ine significance. No significant association was found be-
ween the number of pregnancies reported and the surgical
ethod used (Poisson regression results not shown).

. Discussion

One limitation of this survey is the low response rate, which
ould have introduced a selection bias if the respondents dif-
ered from the nonrespondents in their vasectomy practice.
owever, the distribution by decade of birth was similar

mong the respondents and the total target sample. The distri-
ution by region showed a higher proportion of respondents
rom the “North Central” region and a lower proportion of
espondents from the “South” than the ones targeted in the total
ample, so the tests of associations were adjusted by region.
he proportion of surveyed urologists who reported having
revious vasectomy experience was consistent with the report
f 92% of US urologist practices performing the procedure in
995 [7]. Furthermore, there was no evidence for selection of
rologists with markedly greater experience of vasectomy,
ince the 586 participants represented approximately 7% of all
S urologists, as per the AMA master file, and the total
umber of vasectomies they reported for the last 12 months
mounted to about 9% of all vasectomies performed nation-
ide annually by urologists [7].

.1. Vasectomy practice

A previous study described profiles of US vasectomy

n Min–max Mean � SD

1–43 18.9 � 9.1
0–500 66.2 � 65.0
0–100 82.7 � 20.4
Media

20
50
90
roviders [7,8]. That study looked at three types of provid-
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rs: urologists, family practitioners and general surgeons,
nd reported information on numbers of vasectomies, sur-
ical techniques and protocols for ensuring azoospermia.
he study did not gather information on: the use of vas

rrigation, men’s adherence with semen testing protocols or
n pregnancies after vasectomy. Our survey is the first to
rovide information on pregnancies after vasectomy from a
opulation-based sample of US urologists.

The reported proportion of men returning for semen
nalysis may have been overestimated, as completion of this
urvey instrument did not require a chart review. Ideally, all
en should have at least one semen analysis after vasec-

omy and many experts recommend two semen analyses [9].
ost reports of vasectomy series based on chart reviews

eport a proportion of about 70% of vasectomies followed
y semen analysis in the United States [5]. We interpreted
he negative association between the number of vasectomies
erformed and the percentage of men returning after the
rocedure as an overestimation of follow-up among the
roviders with low vasectomy experience.

Vasectomy providers whose practice was more recent
ere found to be doing more vasectomies. This associa-

ion may reflect a cohort effect. Assuming that the num-
er of years of vasectomy practice is a proxy measure for
he number of years since medical training, urologists
rom different age cohorts may have different attitudes
oward vasectomy and/or have acquired different skills
uring their early training. This finding suggests that
hanges in the content of medical students and residents’
raining could be an important approach to influencing
ational trends in qualitative and quantitative aspects of
asectomy practice.

.2. Surgical methods

This sample of US urologists reported a great diversity of
asectomy methods. This heterogeneity in practice reflects

able 4
actors associated with pregnancy after vasectomy, by Poisson regression

ndependent variables Dependent variable

All reported pregnancies

Estimate p value*

o. of vasectomiesb �0.71c 0.004
ears of vasectomy practiced 0.33 0.18
Semen analysise 0.08 0.63

issing 23

a The natural-logarithm transformed value of the number of vasectomie
b 2 categories: �50 (ref cat.), �50 vasectomies during last 12 months.
c This corresponds to a relative risk of 0.49 for urologists doing �50 v
d 2 categories: �20 (ref cat.), �20 years of vasectomy practice.
e 2 categories: �90% (ref cat.), �90% of vasectomies followed by sem
* p for comparison of parameter to 0 (z test).
he absence of rigorously demonstrated superiority of one f
ethod over others. Although no well-controlled compari-
on of failure rates with various vasectomy occlusion meth-
ds has been published, results from observational studies
ave nevertheless suggested differences in effectiveness,
enerally based on the results of semen analysis [1,9]. More
igorous trials, preferably randomized controlled trials, are
eeded to validate current opinions on the effectiveness of
arious occlusion techniques and guide providers’ practice
10]. Family Health International and EngenderHealth re-
ently completed a multicenter trial to evaluate the value of
ascial interposition when used with suture ligation. Results
rom an interim analysis showed the superiority of fascial
nterposition plus ligation and excision over the use of
igation and excision alone, and led to early termination of
ecruitment [11]. Results of the final analysis have been
ubmitted for publication.

The results of our survey suggest that, in the United
tates, 18% of vasectomies are performed with ligation
lone or clips alone (Table 3), and could presumably be
lassified in the lowest category of effectiveness. However,
e did not obtain information on the number of clips used
n each vas, which is an important aspect of clip use [9].

The observed preferential use of protocols combining
everal occlusion methods among the “younger” vasectomy
roviders may indicate a temporal trend toward the use of
otentially more effective methods. It may also reflect the
mportance of liability issues in medical practice. Providers
ay feel more protected against lawsuits if they combine

everal methods.
Vas irrigation with water, saline or other agents has been

uggested as a method for avoiding conceptions immedi-
tely after vasectomy, but only 15 (2.8%) of the surgeons in
ur sample reported ever using vas irrigation. Research
uggests that vas irrigation with saline or sterile water does
ot decrease the time to azoospermia [12–14], and there is
o US Food and Drug Administration (FDA)-approved drug

Pregnancies attributed to
nonadherence

Pregnancies attributed to
technique failure

Estimate p value* Estimate p value*

�0.92 0.01 �0.42 0.08
0.20 0.57 0.39 0.08
0.35 0.32 / /

15 25

sed in the model fitting.

ies per year.

lysis.
a

s was u

asectom

en ana
or this indication.
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.3. Pregnancies

To our knowledge, our data constitute the largest pub-
ished series of pregnancies after vasectomy. The estimates
f reported pregnancy rates obtained in this study could be
onsidered nationally representative of vasectomy practice
y US urologists. However, basing pregnancy assessment
n urologists’ reports introduces several limitations. Under-
eporting of pregnancies from women to men is likely.

omen whose husbands or partners have undergone a va-
ectomy and who get pregnant may hide their pregnancy
nd seek an abortion due to fear of being accused of infi-
elity, with potentially serious personal and social conse-
uences. Underreporting from men to urologists is also
robable, particularly for late pregnancies. Finally, urolo-
ists may have forgotten events or the exact dates of events
hat occurred several years in the past. This last factor could
ave led to over- or underestimation. Overall, these limita-
ions make underestimation likely and the present results
hould be regarded as minimal estimates of pregnancy rates
fter vasectomy.

Given the probability of underestimation due to study
esign, the 1/1000 pregnancy incidence that we found in
his study suggests that the failure rate after vasectomy in
he United States could be higher than commonly thought.
russell’s often cited 1-year estimates (1 pregnancy for
erfect use and 1.5 pregnancy for typical use for every 1000
asectomies) [15], are slightly higher than our estimate of
/1000 for typical use within the first 2.5 years after vasec-
omy. However, Trussell’s estimates might still underesti-
ate the true number since his estimates are based on

ublished data that may be subject to publication bias. Other
S data on pregnancy after vasectomy are available from

he CREST cohort comparison group. Those data provide
n estimate of the pregnancy rate among the 544 wives of
en who had undergone vasectomies in university teaching

ospitals [15]. Six pregnancies were reported after 5 years,
our in the first year and two in the second year. Three of the
ix pregnancies were judged to be user failures. Including
ll six pregnancies gives cumulative pregnancy rate esti-
ates of 9.2/1000 procedures at 1 year and 18.5/1000 pro-

edures for years 2–5, similar to the estimates after female
terilization [15,16]. Although these estimates are based on
small number of events, they suggest that pregnancy after
asectomy may occur more frequently than previously con-
idered. On the other hand, procedures done in teaching
ospitals may often be done by less experienced surgeons.

To our knowledge, this is the first study that provides a
opulation-based estimate of the US incidence of both
ethod and user failures. We found one pregnancy due to

ser failure for every 2000 procedures, in conditions where
igh adherence is expected, because vasectomies are mainly
erformed on high-income educated men in the United
tates [17,18]. This is lower than found in a recently re-
orted study by Nazerali et al. [19]. That study, conducted

n rural Nepal, identified seven pregnancies among 924 men s
7.6/1000) that were attributed to user failure during the first
months after vasectomy. For vasectomy programs in low-

esource settings where nonadherence is more likely, find-
ng methods to better manage this early period is desirable.
n effective, FDA-approved method of vas irrigation or
ore effective occlusion methods might help reduce such

regnancies.
Another limitation to this estimate is that in the United

tates, vasectomy acceptors are generally older than vasec-
omy acceptors in other countries, especially developing
ountries. Data from China [20,21] and from Nepal suggest
strong influence of age on pregnancies following vasec-

omy procedures. The Nepal study found a higher rate of
regnancies in wives of younger men, and no pregnancies
ere reported for wives who were over 32 years of age.
Providers who performed more vasectomies reported

ower pregnancy rates. Urologists with greater vasectomy
xperience may provide better counseling for the first
eeks, and experience fewer surgical failures. This finding

s consistent with previous reports describing higher failure
ates after vasectomies performed by less experienced sur-
eons [1,22].

. Conclusions

This survey of US urologists provides a population-
ased estimate of the pregnancy rate after vasectomy in the
nited States. This study’s crude estimate of one pregnancy
er 1000 in the first 2.5 years after vasectomy is close to
russell’s estimate [6], but is probably an underestimate of

he actual rate. The estimated risk of post-vasectomy preg-
ancy was reduced by half after procedures by surgeons
ho performed more than 50 vasectomies per year.
The incidence of pregnancies due to presumed recanali-

ations could be reduced by the preferential use of the most
ffective surgical methods, if their greater effectiveness
ere well established. Controlled trials are needed to eval-
ate the effectiveness of common vas occlusion techniques.

Half of the pregnancies reported in this study were at-
ributed to user failure. This emphasizes the importance of
ounseling and the potential usefulness of innovative ap-
roaches to reduce the risk of early pregnancy following
asectomy.
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