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The objective of this retrospective clinical study was to compare pregnancy rates obtained
after the use of endoscopic-assisted transcervical catheterization (EIU) or laparotomy (SIU)
for insemination of frozen-thawed dog semen. Healthy bitches from various breeds were
inseminated with semen from multiple donors processed by different freezing centers.
Data from 118 inseminations (78 EIU and 40 SIU) performed between 2009 and 2011 were
analyzed. Insemination timing was based on vaginal cytology, serum progesterone con-
centrations, and vaginoscopy. A ureterorenoscope and a CH-5 Transcervical insemination
catheter were used for EIU; 28 of the bitches in this group were inseminated twice with
the second insemination less than 12 hours after the first. The numbers of live morpho-
logically normal sperm (LMNS) were determined to characterize insemination doses.
Overall, pregnancy rate was greater (P < 0.05) in the EIU group (65%) than in the SIU group
(45%). Pregnancy rates were greater (P � 0.06) when more than 100 � 106 LMNS were
inseminated regardless of insemination method; the greatest pregnancy rate was observed
in the EIU group when this insemination dose was used (38/49; 78%). There was no sig-
nificant difference in pregnancy rate whether one (69%) or two inseminations (64%) were
performed in the EIU group. Complications in the SIU group included anesthetic-induced
bradycardia during surgery, significant postsurgery pain, seroma formation over the
abdominal incision, and delayed wound healing. No complications were noted during or
after insemination in the EIU group. In conclusion, these results support the use of EIU as a
noninvasive alternative to laparotomy for insemination of frozen-thawed dog semen. In
addition, use of more than 100 � 106 LMNS is also recommended for insemination.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Since the first reported successful pregnancy from
frozen-thawed dog semen in 1969 [1], pregnancy rates and
insemination methods have improved dramatically.
Although initial reports adopted vaginal insemination [1,2],
it is now well accepted that intrauterine deposition yields
superior results [3–5]. Andersen [2] reported early success
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of laparotomy (SIU) and later developed a technique for
nonsurgical intrauterine insemination using the Norwegian
Elk Catheter, a technique that is still commonly used in
many European Countries [6,7]. The catheter was developed
“to adapt the technique for practical conditions” [6], thus
providing an alternative to surgical intrauterine insemina-
tion in the bitch. The registration bodies of some countries
have restricted the use of SIU, notably the United Kingdom
and some European countries, for ethical concerns over the
need for anesthetics and surgery to inseminate the bitch.
Despite the lack of data supporting SIU over other nonsur-
gical methods of intrauterine insemination, SIU is still a
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common practice in many countries. Although there are
data to confirm that SIU can result in pregnancy in the bitch,
there are few studies documenting its success [8,9], with
only one containing clinical retrospective data [9].

The reported insemination techniques using frozen-
thawed dog semen comprise intravaginal insemination
and four intrauterine techniques (Norwegian Elk Catheter,
laparoscopic assisted, endoscopic-assisted transcervical
catheterization [EIU], and SIU). A higher pregnancy rate
has been well reported with inseminations using Norwe-
gian Elk Catheters compared with vaginal insemination
with both fresh semen [10] and frozen-thawed dog semen
[3,10], whereas laparoscopic techniques have been re-
ported to have a similar pregnancy rate to vaginal in-
seminations with both fresh [5,11] and frozen semen [11].
Although there are a number of published retrospective
studies using Norwegian Elk Catheter [3,12–16], EIU [3],
SIU [9], or vaginal insemination [17] for artificial insemi-
nation in the bitch [3,9,12–17], no reports have compared
the success of EIU and SIU. Most published studies on
intrauterine inseminations performed using frozen-
thawed semen have been undertaken using the Norwe-
gian Elk Catheter [3,12–16]. Reports on EIU have either
used small sample sizes (19/327; [3]) or were skewed
toward one particular breed [18] or highly fertile dogs
[19,20]. Of the few reports on SIU, most are experimental
[2,21] or descriptive in nature [22]. There is one clinical
retrospective study on SIU reporting success using fresh,
chilled, or frozen semen [9], which reported similar
overall pregnancy rates to other retrospective studies
using noninvasive techniques [3,13–16].

A major influence on the pregnancy rate is the total
number of live morphologically normal sperm (LMNS)
inseminated [7]. In clinical practice, the insemination dose
of frozen-thawed dog semen is usually determined
considering only the progressive motility alone and not
taking into account the morphologic characteristics of the
sample [3]. Although motility is known to be correlated to
fertility, the percentage of morphologically normal sper-
matozoa in the sample is also correlated to fertility [23].
The reported number of progressively motile spermatozoa
required to attain pregnancy varies from 100 to 200 � 106

[3,12,24]. This number dates back to the earliest reports on
use of frozen-thawed dog semen [6] and has changed little.
There is some debate in the literature as to whether the
insemination dose should be calculated on progressive
motility alone, or whether morphologic characteristics of
the spermatozoa should also be considered as in more
recent reports [7,16].

The objective of this study is to compare the success
rates of SIU and EIU, correlate them to LMNS inseminated,
and evaluate the need for anesthetics and invasive pro-
cedures to attain pregnancy using frozen-thawed dog
spermatozoa.

2. Materials and methods

2.1. Bitches

A total of 118 inseminations were performed on 115
bitches presenting to Monash Veterinary Clinic for routine
insemination of frozen-thawed dog semen from November
2009 to March 2011. All bitches were clinically healthy,
between the ages of 1.25 and 8.25 years (3.9 � 1.63 years;
mean� SD) and of varying parity ranging from 0 to 4 litters,
with most bitches having had either zero or one litter
before presenting. Bitches that had a history of uterine
disease or known infertility were not included in the study.
German Shepherds (10.2%), Border Collies (7.6%), New-
foundlands (6.8%), Irish Setters (6.8%), and Bernese Moun-
tain Dogs (5.1%) were the most represented breeds. Breeds
considered to have higher fertility such as Greyhounds [25]
and dogs from commercial working facilities (observed
unpublished data) were not included in the study.

2.2. Insemination timing

Insemination timingwasbasedonvaginal cytology, serum
progesterone concentrations, and vaginoscopy [26–28].
All bitches were presented to the clinic for their first
assessment 5 to 7 days after the onset of vaginal swelling or
discharge being noted by the owner. Vaginal smears were
collected by introducing a moistened cotton swab into the
caudal vagina. Swabs were then gently rolled onto glass
microscope slides and stained using Diff Quick (Australian
Biostain, Pty Ltd., Victoria, Australia). Vaginal smears were
evaluated during the first visit to help stage the cycle
[29,30]. Further evaluation of vaginal smears was not per-
formed unless there was concern about the cycle not pro-
gressing as expected based on progesterone changes.

Blood was collected via jugular or cephalic venipuncture
into tubes with no additives and submitted to a commercial
laboratory for analysis of serum progesterone concentra-
tions using chemiluminescence. Serum progesterone con-
centration was determined at the first visit and every 3 to
4 days until the LH surge was detected (progesterone
concentration >2 ng/mL). Subsequent to the LH surge,
serum progesterone concentrationwas determined every 1
to 2 days until ovulation was deemed complete [31]. Once
ovulation was determined (progesterone concentration of
5–8 ng/mL), vaginoscopic examinations were commenced
and insemination was not performed unless ovulation was
deemed complete (progesterone concentration >10 ng/
mL). Serum progesterone assays were not continued sub-
sequent to a concentration of greater than 10 ng/mL.

Vaginoscopy was performed using a Sigmoidoscope
(32020 Fibreoptic Sigmoidoscope; WelchAllyn, Skanea-
teles, NY, USA) daily from the time of ovulation (proges-
terone concentration of 5–8 ng/mL) until the time of
insemination [30]. Inseminationwas performed on the first
day in which maximal crenulation (vaginal folds at their
most shrunken and angular state) of the anterior vagina
was detected [30] in conjunction with a progesterone
concentration of greater than 10 ng/mL.

2.3. Semen handling

Frozen semen used in this study was obtained from a
variety of sources both within Australian and international
freezing centers and had been stored for varying periods of
time (3 months to 22 years). Semen had been frozen in
pellets using Camelot farms or International Canine Semen
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Bank extenders or frozen in straws using Clone, Interna-
tional Canine Genetics , Uppsala, Minitube, or Triladyl ex-
tenders. The freezing center’s instructions for thawing
semen were followed when available. Semen pellets were
transferred into a small plastic bag containing 1 mL 0.9%
sodium chloride or thawmedia, as provided by the freezing
center, and thawed in a water bath at 37 �C for 60 seconds.
Semen straws were transferred directly to a water bath at
37 �C for 60 seconds. The straws were then emptied into a
small plastic bag containing warmed thaw media provided
by the freezing center; recommendations were followed in
relation to the volume of thaw media used per straw. The
total volume of semen used ranged from 1 to 3 mL, as
determined appropriate for the size of the bitch.

All insemination doses were assessed after thawing to
determine the number of LMNS inseminated. The per-
centage of progressively motile spermatozoa was deter-
mined subjectively under phase-contrast microscopy and
�100 magnification on a 37 �C warmed stage. Spermatozoa
concentration was determined using a Makler counting
chamber (Sefi-Medical Instruments, Haifa, Israel) after 10%
dilution of the original sample using 5% formal-buffered
saline solution. Spermatozoa morphology was assessed by
examining a minimum of 100 spermatozoa under phase-
contrast microscopy and �400 magnification [32,33]. The
number of LMNS inseminated was determined by multi-
plying the total number of spermatozoa by the percentage
of progressively motile spermatozoa and the percentage of
morphologically normal spermatozoa. The recommended
insemination dose for frozen-thawed canine semen is 100
to 200 � 106 motile spermatozoa [6,24,34]. For statistical
analysis of the pregnancy rate in relation to the number of
spermatozoa, the insemination results were classified into
over and under 100 � 106 LMNS, because this value is
considered the minimum industry standard [34].

2.4. Insemination procedures

All inseminations were performed by registered veter-
inarians employed by Monash Veterinary Clinic. Determi-
nation of insemination technique (SIU or EIU) was made by
the client after a discussion about both insemination
techniques with one of the authors. The clients were
informed that there was no comparative study of the
pregnancy rates of SIU and EIU, and from the results pub-
lished of each technique individually, it would be assumed
that pregnancy rateswere comparable. A total of 40 SIU and
78 EIU were performed. Two inseminations were per-
formed in 28 (36%) of the bitches in the EIU group, with the
second insemination less than 12 hours after the first. The
insemination dose was determined to be the total number
of LMNS from both inseminations whenmore than onewas
performed. Two inseminations were used when either
elected by the client or in cases in which the number of
LMNS inseminated were less than 100 � 106 and more
semen was available to be used.

2.4.1. Surgical insemination via laparotomy
Bitches were premedicated either with 1 to 2 mg/kg of

xylazine and 0.04 mg/kg of atropine and inducedwith 10 to
35 mg/kg of thiopentone (XATI) or with 0.05 mg/kg of
acetylpromazine and 0.02 mg/kg of buprenorphine and
induced with 2 mg/kg of alfaxalone (ABAI). The choice of
anesthetic protocol between was random and based on
surgeon preference. Anesthesia was maintained using a
mixture of isoflurane and oxygen. Bitches were placed in
dorsal recumbency with their hindquarters elevated, the
lower abdomenwas clipped and prepared aseptically, and a
midline incision was made to identify and exteriorize the
uterus. Both ovaries and the uterus were examined for the
presence of obvious pathologies. A 22-ga intravenous
catheter was introduced into the lumen of each horn when
the uterine body was manually clamped tightly. The sy-
ringe containing the semenwas then attached to one of the
catheters and half of the dose was inseminated over a
period of 1 minute. The process was then repeated with the
other horn with the remaining semen. Slight pressure was
placed over the entry points of the catheters to avoid
hemorrhage and the uterine body was kept clamped for
another 2 to 5 minutes. Routine abdominal closure was
performed using 2-0 Polydioxanone (PDS II; Ethicon, OH,
USA) absorbable suture material in the linea-alba and
subcutaneous tissues and Supramid nonabsorbable skin
sutures. Bitches were monitored for 2 hours post-
operatively until fully recovered for complications and
pain. Telephone contact was maintained with owners until
sutures were removed 10 to 14 days after surgery; bitches
were clinically assessed by when deemed necessary.

2.4.2. Endoscopic-assisted transcervical catheterization
Bitches were placed on a table in a standing position or

were restrained manually on the floor. If required, bitches
were sedated with 0.02 mg/kg of acetylpromazine, iv.
Visualization of the cervix was performed using a ureter-
orenoscope (Karl Storz, Tuttlingen, Germany) equipped
with a xenon cold light source and camera with images
displayed on a monitor (Sony Trinitron CRT Monitor, PVM
2053MD; Sony, Tokyo, Japan). Insufflation of the vaginawas
achieved using a rectal insufflation bulb (30200 rectal
insufflation bulb; WelchAllyn). A CH-5 Transcervical cath-
eter (Minitube of America, Verona, USA) was passed
through the cervix into the uterine body and semen was
inseminated slowly over a period of 10 to 15 minutes. This
technique of EIU uses the same principles as that described
byWilson [20], differing only in the use of air insufflation to
allow improved visualization, and a longer and thinner
endoscope allowing adaptability to greater size ranges of
bitches. Bitches were monitored for 30 minutes after pro-
cedure for potential complications and phone contact was
maintained with owners for the first 2 weeks after the
procedure.

2.5. Pregnancy diagnosis

Pregnancy was diagnosed 21 to 35 days after LH surge
by ultrasonography in 26 bitches in the SUI group and 57
bitches in the EIU group. Bitches were examined with a
B-mode ultrasound equipped with a 7.5 MHz probe (MyLab
30VetGold; The Esaote Group, Genova, Italy) when stand-
ing with the probe placed on the ventral and/or lateral
abdomen. Insemination success (pregnancy rate) was
defined by whelping for the remaining bitches.
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2.6. Statistical analysis

Statistical analysis was performed using Prism (Graph-
pad Software Inc., CA, USA). Differences in bitch age and
parity, age of donor dog, length of time semen was frozen,
and insemination time postovulation among groups were
analyzed using one-way ANOVA. The effects of insemina-
tion technique and number of LMNS on pregnancy rates
were analyzed using the Fisher exact test.

3. Results

No significant differences were noted between groups
for mean bitch age (SIU ¼ 4.4 years and EIU ¼ 3.7 years),
parity (SIU ¼ 0.74 and EIU 0.52), age of donor dog
(SIU ¼ 4.9 years and EIU ¼ 5.5 years), age of frozen semen
(SIU ¼ 3.7 years and EIU ¼ 5.6 years), and insemination
time postovulation (SIU ¼ 3.47 days and EIU ¼ 3.46 days).

Overall, pregnancy rate was greater (P< 0.05) in the EIU
group (51/78; 65%) than in the SIU group (18/40; 45%). The
insemination doses used in this study ranged from 20 to
308� 106 LMNS (115.3� 62.0�106;mean� SD). Therewas
no significant difference in insemination dose between the
groups (SUI¼ 94.4� 47.6�106 and EIU¼ 126.1�65.9�106

LMNS). Pregnancy rates were greater (P� 0.06) whenmore
than 100 � 106 LMNS were inseminated regardless of the
insemination method (Fig. 1). There was no significant dif-
ference in pregnancy rate whether one (36/52; 69%) or two
inseminations (18/28; 64%) were performed in the EIU
group.

Post-thaw spermatozoa motility ranged from 10% to
80%. Seven semen doses had post-thaw motility less than
40%, four of which resulted in pregnancy. Normal sper-
matozoa morphology ranged from 20% to 96%. Five semen
doses had less than 40% normal sperm, one of which
resulted in pregnancy.

In the SIU group, no significant difference (P ¼ 1) in
pregnancy rates was observed when either XATI (18; 44%)
or ABAI (22; 45%) anesthetic protocol was used. One bitch
in this group suffered anesthetic-induced bradycardia,
Fig. 1. Pregnancy rates after intrauterine insemination using frozen-thawed dog sem
assisted transcervical catheterization) and dose. LMNS, live morphologically norma
which responded to sympathomimetic therapy, 10 bitches
suffered from significant postsurgery pain, one bitch had
seroma formation over the abdominal incision, and one
bitch suffered from poor/delayed wound healing. Sedation
was required for insemination in two bitches in the EIU
group, but no complications were noted during or after
insemination in this group.

4. Discussion

The results of this study indicate that greater pregnancy
rates with frozen-thawed dog semen can be achieved with
noninvasive endoscopic-assisted transcervical insemina-
tion than with laparotomy. Pregnancy rates were greater
when more than 100 � 106 LMNS were inseminated using
EIU.

Before 2012, studies related to SIU were either experi-
mental with small sample sizes or descriptive in nature
only [22]. A recent study using SIU of fresh, chilled, or
frozen semen [9] found a comparable pregnancy rate
(70.3%) to this study and previously published pregnancy
rates using noninvasive techniques [3,12,19,35]. However,
no direct comparison with less invasive techniques was
conducted. It is also difficult to draw a direct comparison
with the SIU results of the present study, because fresh,
chilled, and frozen semen were used. There is also limited
published data pertaining to the use of EIU with frozen-
thawed dog semen, with the most commonly reported
device for noninvasive intrauterine insemination being the
Norwegian Elk Catheter [3,7]. There have been two large
recent studies in which over 300 bitches in each were
inseminated using the Norwegian Elk Catheter [3,12].
Thomassen et al. [12] achieved a pregnancy rate of 75%
with inseminations of approximately 200 � 106 LMNS.
Linde-Forsberg [3] inseminated on average 185�106 LMNS
and achieved a pregnancy rate of 84.4%; however, preg-
nancy success was assessed in a well-controlled setting
wherein a single inseminator, extender, and freezing center
were used for all inseminations; this likely accounts for the
lower pregnancy rates observed in the clinical setting in the
en according to the insemination method (SIU, laparotomy; EIU, endoscopic-
l sperm. Columns with different superscripts a and b differ (P � 0.06).
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present study with multiple inseminators, semen donors,
extenders, and freezing centers. Both studies reported that
LMNS, age of bitch, and semen quality influenced preg-
nancy rate [3,12]. In the present study, fewer spermatozoa
were inseminated using EIU (average 115 � 106 LMNS),
resulting in an overall pregnancy rate of 65%. No bitches
were excluded based on age, nor were inseminations of
poor quality semen excluded, which could also help to
explain the reduced success. Comparisons of the present
results with other studies using exclusively EIU are also
complicated because of the fact that those have used breeds
that are known to have high fertility (Greyhounds, com-
mercial working dogs) or have used single stud dogs
[18,19]. However, these studies do report that very high
pregnancy rates can be achieved using EIU (89%; [18]), and
that pregnancy can be obtained with insemination doses as
low as 30 � 106 spermatozoa [19].

Some features of natural breeding areworth considering
when discussing success of EIU and SIU. During natural
breeding, the engorgedpenis and bulbus glandis of themale
stretches the vagina of the bitch causing release of oxytocin,
which stimulates myometrial contractions [36]. This sug-
gests that myometrial contractions are an important
component of achieving pregnancy in the bitch most
probably byassistingpassage of spermatozoa to the oviduct.
Stimulation of the cervix and vagina, as occurs during EIU,
has been shown to increasemyometrial contractions [36]. In
contrast, SIUmay result in reducedmyometrial contractions
as anesthetic agents havebeen shown to reducemyometrial
contractions in other species [37], and it would be expected
that this would concur in the bitch. This is a significant
limitation of inseminating a bitch under general anesthesia
as itmustbequestionedhowmuchof the inseminationdose
remains in the uterus after these procedures. In published
descriptions of laparoscopy [5] and SIU [22], both of which
require general anesthesia, it is commonlynoted that semen
can be found in the vagina immediately after or during the
procedure. This would help to explain why the currently
reported success of vaginal and laparoscopic insemination is
similar, and lower than those reported with transcervical
techniques [3,5,11,19,20]. The choice of anesthetic protocol,
XATI or ABAI, did not appear to have an effect on the
outcome of pregnancy in the SIU group. Sedation was
required only for two bitches in the EIU group. Although
both became pregnant, this sample size is too small to draw
any clear conclusions on the true effect of sedation on
uterine motility and pregnancy rates.

Stimulation of the endometrium after transcervical
catheterization has led to the proposal that EIU may cause
irritation of the endometrium, subsequent cystic endo-
metrial hyperplasia, or endometritis and/or pyometra.
Although it has been shown that stimulation of the
endometrium during diestrus can induce the aforemen-
tioned reactions [38], this has not been shown in estrus
when the insemination is occurring. The catheter is placed
in the body of the uterus just cranial to the cervix, close to
the same place as catheters are placed during SIU. If the
clinician has adequately assessed the timing of the
insemination to be performed during estrus, there is no
reason to believe that EIU will increase the risk of uterine
disease. In the 78 EIU procedures undertaken in this study,
none resulted in any clinical uterine disease. Additionally,
there is no published data to support an increased risk of
uterine disease subsequent to EIU versus SIU.

Since its development, EIU has been a slowly evolving
procedure in veterinary medicine. The technique has been
dismissedbymany for being considered toodifficult to learn
[39] and for requiring equipment deemed too expensive
(personal communications). However, these excuses are fast
losing their validity because of the increasing number of
veterinarians able to perform the technique, the availability
of training courses, and the relatively lowequipment leasing
costs available today. In recent years, EIU has gained
increased popularity over the Norwegian Elk Catheter and
has a number of advantages. Firstly, obesity and stomach
distension of the bitch have little influence over the degree
of difficulty. The Norwegian Elk Catheter technique is often
rendered too difficult in these bitches and an alternative
technique has to be adopted [3,7]. Secondly, the endoscope
allows visualization of the cervical os and catheterization
can be confirmed. The technique does have a steep learning
curve but as with any other technical procedure, compe-
tency and efficiency is easily attained through repeated use
and experience. The original endoscope used byWilson [19]
was limited to use in medium-sized breeds. However, the
endoscope used in this study overcomes this limitation by
being thinner and longer, thus allowing the technique to be
available in all sized breeds. To our knowledge, this is the
first published use of this type of endoscope.

In contrast to EIU, SIU has been widely practiced for
many years in Australia, USA, and to a lesser extent in
Europe, whereas being deemed illegal in many other
countries [7,40]. There is increasing public scrutiny as to the
ethical treatment of animals, with the increasing presence
of animal welfare groups. The Royal College of Veterinary
Surgeons (UK) requires veterinarians to record why trans-
cervical insemination is not an option and performing
invasive SIU requires justification [25]. Although SIU allows
for assessment of gross abnormalities of the uterus and
ovaries, the authors believe there would be more benefit in
ultrasound examination of the bitch’s reproductive tract
should this be a priority of the clinician. Additional to
anatomical assessment, SIU is often promoted for allowing
the clinician to place semen at the tip of the uterine horns,
close to the oviducts. However, it has been shown that
irrespective of the uterine location of semen deposition
during SIU, the semen will be distributed through the
whole uterus [41,42] As professionals trained to improve
the welfare of animals, it is contradictory to promote
invasive surgical procedures when other less invasive
procedures that produce similar outcomes are available. In
spite of the lack of published data on the risks associated
with the use of both EIU and the Norwegian Elk Catheter,
some of which include vaginal or uterine perforation,
passage into the bladder, and cervical trauma, the authors
believe these to be minimal subsequent to adequate
training, and minimally detrimental to the bitch when
compared with anesthetic complications and the inva-
siveness of a laparotomy.

The value in comparing pregnancy rates between
studies can be affected by the methods of assessing semen
and reporting insemination dose. In general, canine semen
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samples are assessed based on progressive motility alone.
However, it has been suggested that the total number of
progressively motile and morphologically normal sperma-
tozoa may be more appropriate for fertility assessments of
canine semen samples [16,35]. Oettlé [43] noted that it is
inadvisable to base an assessment of semen quality on
spermatozoa motility alone, and later suggested that dog
semen samples with less than 60% normal morphology
spermatozoa had reduced fertility [23]. To reduce the
impact of including semen of all quality, and therefore
optimize the reliability of results from this study, sperm
morphology was also taken into consideration for calcu-
lating insemination doses. Because of the impact of sper-
matozoa numbers on pregnancy rates, results in this study
were further divided into under and over 100 � 106 LMNS
to make them relevant to the minimum industry standards
[34]. When over 100 � 106 LMNS were inseminated in this
study, a pregnancy rate of 78% was achieved, which is
similar to the larger studies [3,12]. These results are also in
agreement with previous studies reporting that optimal
pregnancy rates are achieved when more than 100 � 106

LMNS are used for insemination [6,24,34].
Previous reports using the Norwegian Elk Catheter

recommend two inseminations with a minimum of
150 � 106 LMNS per insemination [3,35]. Many of the
bitches in this study received two inseminations because of
there being less than 100 � 106 LMNS in the insemination
dose from the freezing center. Bitches receiving one EIU
insemination did so either because the semen contained in
the insemination dose was over 100 � 106 LMNS or there
was a lack of availability of further semen. The pregnancy
rate of the bitches receiving two inseminations in this
study was no greater than with those receiving one
insemination. The time of insemination postovulation in
this study was comparable with that described in previous
studies, which found a second insemination is not required
to improve pregnancy success if timing of insemination is
optimal [12]. Because of the fact that there is no significant
difference in pregnancy rates between bitches receiving
one or two EIU, the authors believe that the increased
success of EIU in this study is not because of the ability to
repeat the procedure. A large retrospective comparison of
pregnancy rates from one versus two inseminations using
EIU and the Norwegian Elk Catheter technique would assist
clarification of the impact of this variable.

Five samples used in this study had more than 40%
abnormal spermatozoa and one of which resulted in
pregnancy. The accepted minimal motility value for satis-
factory fertility when using frozen-thawed semen is 40%
[3,12]; seven of the semen samples used in this study had
progressive motility values less than 40% and four of which
resulted in pregnancy. The method for assessing sperma-
tozoa numbers used in this study was a Makler counting
chamber, because it allows quick assessment of semen
samples making it practical for use in a clinical setting.
Although it has been shown that the Makler has reduced
reliability compared with hemocytometers [44], all ana-
lyses were conducted using the same device by the same
operator to minimize variations.

In addition to factors affecting pregnancy rate, accurate
assessment of pregnancy success is important. Reporting
pregnancy success can be done through early detection
methods (ultrasound) or whelping. Of the 13 bitches
confirmed pregnant on ultrasound after SIU, one failed to
whelp. Of the 39 bitches confirmed pregnant on ultrasound
after EIU, six failed to whelp. On the basis of these obser-
vations, it is probable that failure to whelp was also the
result of embryonic death in a small percentage of the 19
bitches that were not examined by ultrasonography (nine
in each group) and that failed to whelp. Although, this is a
limitation of this study, the likely reduction in the pre-
sented success rates would be very minor.

4.1. Conclusions

The EIU technique for insemination of frozen-thawed
dog semen resulted in greater pregnancy rate when
compared with the SIU technique. In addition, greater
pregnancy rates were obtained when more than 100 � 106

LMNS were inseminated using EIU. These results support
the use of EIU as a noninvasive alternative to laparotomy
for insemination in bitches.

Acknowledgments

We wish to thank Dr. Jennifer Clulow and Dr. Peter
Chenoweth for their assistance in preparing the final
manuscript.

References

[1] Seager S. Successful pregnancies utilizing frozen dog semen. AI Dig
1969;17:26.

[2] Andersen K. Fertility of frozen dog semen. Acta Vet Scand 1972;13:
128–30.

[3] Linde-Forsberg C. Comparison of fertility data from vaginal vs. in-
trauterine insemination of frozen-thawed dog semen: a retrospec-
tive study. Theriogenology 1999;52:11–23.

[4] Fontbonne A, Badinand F. Canine artificial insemination with frozen
semen: comparison of intravaginal and intrauterine deposition of
semen. J Reprod Fertil Suppl 1993;47:325–7.

[5] Silva LDM, Onclin K, Snaps F, Verstegen J. Laparoscopic intrauterine
insemination in the bitch. Theriogenology 1995;43:615–23.

[6] Andersen K. Insemination with frozen dog semen based on a new
insemination technique. Zuchthygiene 1975;10:1–4.

[7] Linde-Forsberg C. Artificial insemination. Proceedings of ESAVS-
EVSSAR-ENVN reproduction in companion, exotic and laboratory
animal, Nantes 12th-14th September 2005;5.1-5.23.

[8] England GCW, Millar KM. The ethics and role of AI with fresh and
frozen semen in dog. Reprod Domest Anim 2008;43:165–71.

[9] Burgess DM, Mitchell KE, Thomas PGA. Coeliotomy-assisted intra-
uterine insemination in dogs: a study of 238 inseminations. Aust Vet
J 2012;90:283–90.

[10] Farstad W. Bitch fertility after natural mating and after artificial
insemination with fresh or frozen semen. J Small Anim Pract 1984;
25:561–5.

[11] Silva LDM, Onclin K, Lejeune B, Verstegen JP. Comparisons of
intravaginal and intrauterine insemination of bitches with fresh or
frozen semen. Vet Rec 1996;138:154–7.

[12] Thomassen R, Sanson G, Krogenaes A, Fougner JA, Berg KA,
Farstad W. Artificial insemination with frozen semen in dogs: a
retrospective study of 10 years using a non-surgical approach.
Theriogenology 2006;66:1645–50.

[13] Thomassen R, Farstad W, Krogenaes A, Fougner JA, Berg KA. Artifi-
cial insemination with frozen semen in dogs: a retrospective study. J
Reprod Fertil Suppl 2001;57:341–6.

[14] Linde-Forsberg C, Forsberg M. Results of 527 controlled artificial
inseminations in dogs. J Reprod Fertil Suppl 1993;47:313–23.

[15] Linde-Forsberg C. Fertility data from 2041 controlled artificial in-
seminations in dogs. Advances in dog, cat and exotic carnivore
reproductiondbook of abstracts, Oslo, Norway 2000;p. 120.

http://refhub.elsevier.com/S0093-691X(14)00309-4/sref1
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref1
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref2
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref2
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref3
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref3
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref3
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref4
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref4
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref4
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref5
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref5
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref6
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref6
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref7
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref7
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref8
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref8
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref8
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref9
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref9
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref9
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref10
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref10
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref10
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref11
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref11
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref11
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref11
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref12
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref12
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref12
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref13
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref13


S.J. Mason, N.R. Rous / Theriogenology 82 (2014) 844–850850
[16] Linde-Forsberg C, Forsberg M. Fertility in dogs in relation to semen
quality and the time and site of insemination. J Reprod Fertil Suppl
1989;39:299–310.

[17] Seager SWJ, Platz CC, Fletcher WS. Conception rates and related data
using frozen dog semen. J Reprod Fertil 1975;45:189–92.

[18] Pretzer SD, Lillich RK, Althouse GC. Single, transcervical insemina-
tion using frozen-thawed semen in the Greyhound: a case series
study. Theriogenology 2006;65:1029–36.

[19] Wilson MS. Non-surgical intrauterine artificial insemination in
bitches using frozen semen. J Reprod Fertil Suppl 1993;47:307–11.

[20] Wilson MS. Transcervical insemination techniques in the bitch. Vet
Clin N Am Small Anim Pract 2001;31:291–303.

[21] Ferguson JM, Renton JP, Farstad W, Douglas TA. Insemination in
beagle bitches with frozen semen. J Reprod Fertil Suppl 1989;39:
293–8.

[22] Hutchison RV. Vaginal and surgical intra-uterine deposition of
semen. Proceedings of canine Theriogenology short course 1993. p.
33–7.

[23] Oettle EE. Sperm morphology and fertility in the dog. J Reprod Fertil
Suppl 1993;47:257–60.

[24] Morton DB. Artificial insemination with frozen semen in the dog:
principles of ‘DNA fingerprinting’. In: Jones DE, Joshua JO, editors.
Reproductive clinical problems in the dog. Second edition. London:
Wright; 1988. p. 169–83.

[25] Thomassen R, Farstad W. Artificial insemination in canids: a useful
tool in breeding and conservation. Theriogenology 2009;71:190–9.

[26] England GCW. Cryopreservation of dog semen: a review. J Reprod
Fertil Suppl 1993;47:243–55.

[27] Goodman MF. Canine ovulation timing. Probl Vet Med 1992;4:
433–44.

[28] Badinand F, Fontbonne A, Maurel MC, Siliart B. Fertilization time in
the bitch in relation to plasma concentration of oestradiol, proges-
terone and luteinizing hormone and vaginal smears. J Reprod Fertil
Suppl 1993;47:63–7.

[29] Olson PN, Thrall MA, Wykes PM, Nett TM. Vaginal cytology. Part I. A
useful tool for staging the canine oestrous cycle. Compend Contin
Educ Pract Vet 1984;6:288–98.

[30] Lindsay FEF, Concannon PW. Normal canine vaginoscopy. In:
Burke TJ, editor. Small animal reproduction and infertility. PA: Lea
and Febiger; 1986. p. 112–20.

[31] Jeffcoate IA, Lindsay FEF. Ovulation detection and timing of insem-
ination based on hormone concentrations, vaginal cytology and the
endoscopic appearance of the vagina of domestic bitches. J Reprod
Fertil Suppl 1989;39:277–87.

[32] Barth ADS, Oko RJ. Defects of the sperm tail. In: Barth ADS, Oko RJ,
editors. Abnormal morphology of bovine spermatozoa. Ames: Iowa
State University Press; 1989. p. 214–79.

[33] Blom E. Ultrastrukturen af nogle karakteristiske spermiedefekter og
forslag til et nyt klassificerings-system for tyrens spermiogram. Nort
Vet Med 1973;25:383–91.

[34] Farstad W, Berg KA. Factors influencing the success rate of artificial
insemination with frozen semen in the dog. J Reprod Fertil Suppl
1989;39:289–92.

[35] Mickelsen WD, Memon MA, Anderson PB, Freeman DA. The rela-
tionship of semen quality to pregnancy rate and litter size following
artificial insemination in the bitch. Theriogenology 1993;39:553–60.

[36] England GCW, Burgess CM, Freeman SL, Smith SC, Pacey AA. Rela-
tionship between the fertile period and sperm transport in the
bitch. Theriogenology 2006;66:1410–8.

[37] Yoo KY, Lee JC, YoonMH, ShinMH, Kim SJ, Kim YH, et al. The effects of
volatile anaesthetics on spontaneous contractility of isolated human
pregnant uterine muscle: a comparison among sevoflurane, des-
flurane, isoflurane and halothane. Anesth Analg 2006;103:443–7.

[38] Nomura K, Nishida A. Histological variation of canine deciduoma
induced in non-pregnant horn at different stages of unilateral
pregnancy. J Vet Med Sci 1998;60:623–6.

[39] Brittain D, Concannon PW, Flanders JA, Flahive WJ, Lewis V, Sydney
Moise N. Use of surgical intrauterine insemination to manage
infertility in a colony of research German Shepherd Dogs. Lab Anim
Sci 1995;45:404–7.

[40] Linde-Forsberg C. Achieving pregnancy using frozen or chilled
extended semen. Vet Clin N Am Small Anim Pract 1991;21:467–85.

[41] Tsutsui T, Kawakami E, Murao I, Ogasa A. Transport of spermatozoa
in the reproductive tract of the bitch: observations through uterine
fistula. Jpn J Vet Sci 1989;51:560–5.

[42] Fukushima FB, Malm C, Henry M, Gheller VA, Serakides R,
Neves MM, et al. Site of intrauterine artificial insemination in the
bitch does not affect sperm distribution within the uterus. Reprod
Domest Anim 2010;45:1059–64.

[43] Oettlé EE. Changes in acrosome morphology during cooling and
freezing of dog semen. Anim Reprod Sci 1986;12:145–50.

[44] Bailey E, Fenning N, Chamberlain S, Devlin L, Hopkisson J,
Tomlinson M. Validation of sperm counting methods using limits of
agreement. J Androl 2007;28:364–73.

http://refhub.elsevier.com/S0093-691X(14)00309-4/sref14
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref14
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref14
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref15
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref15
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref16
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref16
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref16
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref17
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref17
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref18
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref18
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref19
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref19
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref19
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref20
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref20
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref20
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref21
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref21
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref22
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref22
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref22
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref22
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref23
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref23
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref24
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref24
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref25
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref25
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref26
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref26
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref26
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref26
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref27
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref27
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref27
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref28
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref28
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref28
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref29
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref29
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref29
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref29
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref30
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref30
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref30
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref31
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref31
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref31
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref32
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref32
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref32
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref33
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref33
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref33
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref34
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref34
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref34
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref35
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref35
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref35
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref35
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref36
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref36
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref36
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref37
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref37
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref37
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref37
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref38
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref38
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref39
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref39
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref39
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref40
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref40
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref40
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref40
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref41
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref41
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref42
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref42
http://refhub.elsevier.com/S0093-691X(14)00309-4/sref42

	Comparison of endoscopic-assisted transcervical and laparotomy insemination with frozen-thawed dog semen: A retrospective c ...
	1 Introduction
	2 Materials and methods
	2.1 Bitches
	2.2 Insemination timing
	2.3 Semen handling
	2.4 Insemination procedures
	2.4.1 Surgical insemination via laparotomy
	2.4.2 Endoscopic-assisted transcervical catheterization

	2.5 Pregnancy diagnosis
	2.6 Statistical analysis

	3 Results
	4 Discussion
	4.1 Conclusions

	Acknowledgments
	References


