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Abstract: The aim of this field study was to analyse the course of parturition in sows, differentiated by eutocia and dystocia,
after previous partus synchronisation. The study included 1,975 sows of a closed herd divided into 5 groups: Sows having
farrowed until or on day 114 post conception served as controls (A; n = 710). Sows in which parturition did not commence
until or during day 114 were treated with a PGF,4-analogue (cloprostenol 175 pg IM). Sows which started to farrow within 24
hours post injection were assigned to group B (n =719). Sows which did not start giving birth within 24 hrs post injection were
treated with IM injection of either oxytocin (20 I. E.; group C; n = 180) or carbetocin in two different dosages (70 pg: group D,
n = 175; or 35 pg: group E, n = 191). Sows were monitored continuously during the trial period. According to the results of
analysis, time until beginning of the expulsion stage (II) was significantly shortened after partial partus induction in sows with
eutocia in groups C, D, and E compared to group B (P < 0.001). A statistically significant prolongation (P < 0,0001) was
observed in sows with dystocia. The dystocia rates were: control group (A) 11.5%, group B 19.5%, group C 18.3%, group D
11.4%, and group E 13.6%. After partus induction, percentage of stillborn piglets (eutocia) showed an overall significant
decrease (P < 0.002 — 0.05) in correlation to reduction of duration of parturition.
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frequency of use of partus induction by biotechnological
methods are available. For example, [3] reported that
induction of parturition was applied by 76%, and intrapartal
oxytocin by 68% of their pig farm clients in a district of
Canada.

According to [4], interventions in order to assist labour

1. Introduction

In piglet production, hormonal induction of partus in sows
by single injection of PGF,q around day 114 of gestation and
also regulation of labour during stage II of parturition
(expulsion stage) with oxytocin or carbetocin, respectively, ) ) | X
are well established routine biotechnical procedures. ~Ere customary in 76% of Mexican, family-owned pig farms.
Associated benefits are the possibility of planning the date of ~ [9] reported induction —of parturition being a routine
parturition with the aim of optimising organisation and work ~ Procedure in 29.9%, and administration of oxytocin during
flow within the farrowing unit of the farm. At the same time, parturition in 40.2% of Belglan—Flemlsh herds Wlth = _15 0
monitoring of parturition can be intensified, which means  SOWS- 'Global dat.a concerning  use 9f these biotechnical
shorter duration of parturition and reduction of number of strategies comparing different countries are, however, not

stillborn piglets [1-2]. Only episodic, local data about available at present.

In contrast, various effects of total or partial
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synchronisation of parturition in sows have been described
extensively [6-10, 1, 11-17, 2]. Published data mainly refer to
percentage of stillborn piglets or liveborn piglets,
respectively, early postnatal piglet losses, and percentage of
weaned piglets and their weight gain. Only few studies
investigate the course of parturition as such after partus
induction with PGF,, [3, 18, 5, 19, 2]. No comparative
analysis of the various methods of synchronisation of
parturition differentiating eutocic and dystocic courses of
parturitionparturition is available so far.

Therefore, the aim of this study was to investigate
parturition in sows by comparing different methods aiming at
influencing parturition, and their effects on eutocia, dystocia,
and also on the early postpartal period under standardised
housing and keeping conditions. Data collected in this study
were used to analyse critical aspects of the different
biotechnical techniques for partus induction in this livestock
species.

2. Material and Methods
2.1. Animals

The present study was conducted on a closed piglet
producing farm with 1,400 sows (rotation cross breed Large
White x German Landrace) kept under controlled conditions.
Breeding station, waiting house, and farrowing unit were
located in separate buildings. A high hygienic standard was
secured in all 3 units. An integrated, veterinary controlled
health monitoring system with vaccination system and
systematic prophylactic parasite control was carried out on
the whole farm. Feeding of breeding animals was adapted to
reproduction stage. For example, sows received 3.0 - 3.5 kg
complete feed containing 12.6 MlJ/kg throughout the last
trimester of gestation.

2.2. Preparation of Sows for Parturition

Sows were washed around day 105 of gestation and
checked for their condition with special emphasis on their
health status (general health, condition of mammary glands,
skin, legs and claws). In case of a normal health check and
condition check result, sows were transferred to the
farrowing unit, where they were housed in individual pens
equipped with a box stand. A movement area was available
for the piglets, and also an avoidance area equipped with a
heat source.

Late pregnant sows with abnormal findings concerning
prepartal condition and health were not included in the study.

Within a period of 9 months, 1,975 parturitions of healthy
sows were documented. 59% of the sows were multiparous,
41% were primiparous. A total of 1,833 data sets were
available for analysis.

2.3. Techniques for Synchronisation of Parturition and
Group Assignment

Sows which farrowed until or on day 114 of gestation
served as controls (n = 710; group A). Sows that showed no

signs of parturition up to or on day 114 of gestation,
respectively, received an IM injection of the PGF,4-agonist
cloprostenol (175 pg). Treated sows in which parturition
started within 24 hrs post injection were assigned to group B
(n = 719). Sows treated with cloprostenol showing no
detectable signs of parturition were treated either with 20 I.
U. oxytocin IM (group C; n = 180), with 70 g carbetocin IM
(group D; n = 175), or with 35 pg carbetocin IM (group E; n
= 191), respectively. Additional medication in groups C, D,
and E were alternated weekly. Hormone preparations were
provided by Veyx Pharma GmbH (Schwarzenborn,
Germany).

2.4. Monitoring of the Peripartal Period

From day 112 of gestation, a 24 hrs continuous monitoring
was performed by qualified farm staff. In addition to general
data (number and time of parturition etc.) the course of each
parturition was recorded individually by means of a specific
protocol. Futhermore, each newborn piglet was examined
immediately. Newborn piglets were freed from birth
membranes, amniotic fluids, and rubbed dry. The umbilical
cord was shortened if necessary, and the umbilicus was
disinfected. Underweight piglets and piglets with reduced
vitality were assisted with suckling by placing them directly
at the sow’s teat.

During the early postpartal period (up to day 10 post
partum) sows and piglets were also closely monitored and
examined daily. Findings were documented in a protocol.
Criteria for assessing the sow’s health were body
temperature, feed intake, consistency of feces, willingness to
let piglets suckle, maternal behaviour, condition of mammary
glands as well as colour and consistency of vaginal fluor, and
also vitality and mobility of the piglets.

2.5. Definitions and Data Collection

Apart from the a.m. data recorded during parturition, the
following was documented in addition: start of expulsion
(stage II of parturition) after medication, duration of birth,
interval between birth of individual piglets, dystocia
(differentiated by each third of parturition), number of piglets
born alive and of stillborn piglets, respectively. Different
numbers of animals in tables are due to the fact that some
protocols were incomplete. Incomplete data protocolling only
concerned single parameters, however.

Parturition was classified as normal (eutocia), when no
obstretical intervention, neither manually nor otherwise was
necessary, and duration did not exceed a certain time limit.
Time limit was set according to intervals of expulsion of
piglets. Regular expulsion of piglets was defined as a
maximum of 45 minutes between birth of 2 piglets. Sows
were grouped in the dystocia group whenever disturbances of
parturition (strong, uncoordinated labour without expulsion
of a piglet) were apparent, or interruption of parturition
(inreasing labour with intervals of expulsion > 45 minutes)
was observed, respectively.

Dystocia was hence defined as a disturbance or
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prolongation of parturition, respectively, caused by
mechanical, functional, or possibly organic impairments.

In case of dystocia, obstetrical examination was performed
vaginally following a general examination of the sow. If the
piglet was already within the birth canal, it was extracted
manually. When no labour contractions could be observed, in
case of a missing Ferguson reflex, and if position of the
piglet was either digitally ante- or intrapelvic, respectively,
oxytocin/carbetocin (20 I.U; 70 pg or 35 pg) were repeatedly
administered.

Indications of disturbances post partum were an increase in
body temperature (= 39.8°C) in connection with general
inanition. Additional criteria were reduced food intake,
increase or lack of water intake, coprostasis or diarrhoe,
respectively, mastitis in one or more mammary complexes,
insufficient milk production, discoloured, odorous vaginal
fluid, vaginal tears, and disturbances of piglet health (piglet
starvation syndrome/hypoglycaemia, reduced vitality). In
most cases, multiple clinical symptoms were observed, so
that at least 2 more symptoms apart from fever and anorexia
had to be present for a diagnosis of postpartal syndrome.

Antibiotic, antiinflammatory and substitution therapy was
specifically tailored to the individual case concerning use of
drugs, substitutes, and duration of treatments.

2.6. Statistical Evaluation

Statistical analysis of data was carried out by using the
following programmes: BMDP [20], BiAS [21] and R (Free
Software Foundation’s GNU Project [22]). Different
statistical methods were applied depending on study design
and scale levels of documented target variables [23].

Normally, data were described by arithmetic means (X )
and standard deviations (s). Variables with right-skewed
distributions were logarithmically transformed prior to
statistical evaluation in order to obtain a near normal
distribution curve. Concerning data were described as
geometric means and dispersion factors.

Percentage of sows with eutocia and dystocia, respectively,
as well as of postpartum diseases in the various treatment
groups (in the overall collective and also in groups with
eutocia and dystocia) were analysed using the Chi-Square
test followed by pairwise group comparison controlling the
global type I error probability using the Bonferroni-Holm
method. Additionally, 95% confidence intervals of the
percentages were calculated.

Comparison of means between different treatment groups
and different course of parturition (eutocia vs. dystocia) were
performed by two-factorial ANOVA (software BMDP7D)
sometimes followed by a one-factorial ANOVA for
comparison of treatments within the eutocia and the dystocia
group, respectively. Addtionally, a pairwise comparison with
the untreated group serving as control using a multiple t-test
with adjusted a-values using the the Bonferroni-Holm
method followed. Since duration of parturition was also
dependent on number of piglets, a two-factorial ANCOVA
with litter size as covariable was performed in addition
(program BMD2V).

For the number of stillborn piglets a two-factorial
comparison of groups was performed by Poisson regression
using a generalised linear mixed model (glmm analysis,
software R) including the covariate litter size and the factors
medication and course of parturition and their interaction.
Again a comparison of groups within the eutocia and the
dystocia group followed using an analogue one-factorial
method. Data of the variable number of stillborn piglets were
described in form of a box-and-whisker plot.

3. Results

3.1. Course of Parturition

The percentages of eutocia and dystocia, respectively,
differed between groups (Table 1). Global statistical
comparison of all treatment groups concerning percentage of
dystocia showed significant divergences (P < 0.001). While
percentage of sows with dystocia was 11.5% in the control
group (A), it was 19.5% in the group of sows treated with
PGF,y, (B) (P < 0.001). Sows treated with PGF,, plus
oxytocin (C) showed a similar percentage of dystocia
(18.3%; P = 0.015). In contrast, percentage of dystocia was
similiar to that of controls (A; Table 1) in groups D and E
(P > 0.05). Table 1 shows confidence intervals for
percentages of dystocia within different groups. Groups B
and C showed a markedly higher rate of dystocia. According
to these results, techniques for partus synchronisation using
either only PGF,4 or PGF,, in combination with oxytocin (24
hrs after the first injection) are inferior to techniques using
PGF,, in combination with carbetocin as a long-acting-
oxytocin (70 or 35 pg).

Table 1. Percentage of sows with eutocia and dystocia, respectively, grouped by method of hormonal induction of parturition.

Course of parturition (%)

95%-confidence interval

Group Medication n eutocia dystocia for dystocia (%)
n % n %

A none 710 628 88.5 82 11.5% 9.3-14.1

B PGFyq 719 579 80.5 140 19.5° 16.6 —22.6

C PGF,q + Oxy 180 147 81.7 33 18.3¢ 13.0-24.8

D PGF,q + Carb. 70 175 155 88.6 20 11.4¢ 7.1-17.1

E PGF,, + Carb. 35 191 165 86.5 26 13.6° 9.1-19.3

A:B P<0.001; A:CP=0.015; A:D P>0.05; A: EP>0.05.

Causes for disturbed parturition were almost identical

throughout all groups, with hypotonic labour at the beginning
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of the expulsion stage, or successive degression of intensity
of labour up to complete inertia (absent Ferguson reflex).
Other causes were a relatively too large fetus, and, more
rarely, malpresentation. Those obstetrical problems were
associated with prolongation of the individual expulsion
phase, and thereby with a (secondary) degression of labour.

Two-factorial ANOVA (based on logarithmic transformed
values) shows a statistically high difference between
treatment groups and also between eutocia and dystocia,
respectively, already at the beginning of the expulsion stage
(stage II) post medication (P < 0.001; Table 2, Figure 1).
There was, however, no significant interaction between these
factors (P = 0.89).

In sows with dystocia, time span between medication and
start of parturition was longer compared to sows showing a
normal course of parturition. This difference was particularly
pronounced in sows treated with a single injection of PGF,,
(Table 2, Figure 1). Geometric mean was 615 minutes in
sows with eutocia, and 916 minutes in case of dystocia
(global comparison + 48.9%; P < 0.001). Pairwise
comparison revealed a highly significant difference for
duration of the expulsion stage between sows treated with

PGF,q and all other treatment groups (P < 0.001). No
significant difference was found within the other treatment
groups (Figure 1).

Table 2. Average start of stage II of parturition (geometric mean (X o in
minutes as well as dispersion factor (SF) in sows after hormonal induction
of parturition depending on type of medication and eutocia or dystocia,
respectively. Global comparison by two-factorial ANOVA: between
medications: P < 0.001, eutocia vs. dystocia: P < 0.0001; interaction: P =
0.89 (n.s.).

Start of parturition with subsequent

Group/Medication _eutocia dystocia

n X g3 SF n X, SF
PGFyq 526 615%;2.33 131 916%2.03
PGF,q + Oxy 134 76.4%3.01 30 121% 2.06
PGF,q + Carb. 70 155 67.652.52 17 88.5¢% 2.54
PGF,q + Carb. 35 162 59.4%240 24 96.4% 2.15

Pairwise comparison of groups with different medication
in sows with eutocia and dystocia, respectively:

A:B P<0.001a:bP<0.001 A: CP<0.001

a:c P<0.001 A: D P<0.001 a:d P<0.001

B:Cn.s.b:cn.s. B: D P=0.052

b:dn.s.C:Dn.s.c:dn.s.
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rohkkx —
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Figure 1. Commencement of birth (stage II) after hormonal partus induction and subsequent eutocic or dystocic course. Data as the geometric mean value

and the dispersion factor (X 4 DF); represented using a logarithmic scale.

Relations between methods for synchronisation of
parturition and total duration of parturition were also
evaluated. Global two-factorial comparison of mean values
of groups of sows with dystocia and eutocia without
consideration of litter size as a possible influencing factor
revealed highly significant differences (P < 0.0001). Highly
significant differences were also found between groups with
different medication protocols (P < 0.0001). First-order
interaction was marginally significant (P = 0.099). For this
reason, a one-factorial analysis of treatments differentiated
by course of parturition (eutocia resp. dystocia) was carried
out. Litter size was not included as an influencing factor.
While there were significant differences within the eutocia
group (P < 0.001 — 0.05), no differences were found in the
dystocia group (Table 3, Figure 2). As mentioned above, a

marginally significant difference was found concerning the
interaction as an indication of this result. However, the lower
number of sows in the dystocia group resulted in a marked
reduction of statistical power in this group.

Table 3. Duration of parturition [min] grouped by uncomplicated and
complicated course of parturition in groups A-E, respectively.

Uncomplicated course Complicated course of

Group of parturition parturition * P-value
n X +SD n X +SD

A 585 240 84 69 306 98 <0.0001

B 526 230 82 131 307 98 <0.0001

C 134 209 68 30 304 116 <0.0001

D 155 186 57 17 310 123 <0.0001

E 162 184 53 24 251 104 0.0002

* Only 271 exact data were available for the sows with dystocia (n=301).
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Figure 2. Comparison of the duration of birth between the eutocia and dystocia group (X +SD).

Monitoring of parturition also included documentation of
time of interruption of labour. In the control group (A), 20.9%
of sows with dystocia showed interruption of labour already
during the first third of parturition. Distribution of interruption
of labour was, however, almost identical for the second and
third part of parturition (Figure 3). In the group of sows treated
with PGF,q-agonists only (group B), it was notable that
prolongation of duration of parturition occurred already during
the 1st third of parturition, while prolongation could be
observed mainly during the 2nd and 3rd part of parturition in

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% l l ||
A B

groups C, D, and E. Fewer disturbances could be observed at
the beginnung of stage II in group C (PGF,q + oxytocin),
however, dystocia events showed a dramatic increase during
the 2nd third of parturition in this group (Figure 3). Data
suggest that oxytocin/carbetocin had a positive effect at the
beginning of stage II in groups C, D, and E, however, this
effect seemed to decrease in the following stages. In gilts,
dystocia seems to have a higher incidence during the last third
of parturition, while older sows showed similar dystocia rates
during the 2nd as well as the 3rd part of parturition.

I Third of parturition
W 3rd

2nd

m st

C D+E

Figure 3. Occurrence of complications during the birth process (1%, 2" or 3" third) in comparison to the different groups.

Since the number of piglets varied between 12.04 + 2.96
and 10.36 £ 2.83 in sows with eutocia, one-factorial
ANCOVA was used to evaluate relations of duration of
parturition and litter size with different techniques of
synchronisation of farrowing. Litter size had a highly
significant effect on duration of parturition (P < 0.0001) with
a regression coefficient of m = 5.26 min/piglet. Hence, mean
prolongation of total expulsion (stage II) is about 5.3
min/additional piglet. Regarding this increase there was no
statistical difference between treatment groups (P = 0.83).

Adjusted means were calculated by using this regression
coefficient (correction of litter size throughout all litters to a
number of 11.52 piglets). Differences of adjusted means
between the various synchronisation techniques were also
highly significant (Table 3; P < 0.0001). Differences to
controls that were calculated earlier show a slight decrease,
since controls showed the longest duration of parturition and
also the largest litter sizes, however, this emphasises
statistical significance. The results can be explained by the
fact that the variable duration of parturition showed a
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markedly reduced variance, by considering the number of
fetusses/litter.

Sows with dystocia also showed differences between the
different groups concerning mean number of piglets.
However, no statistically significant correlation of duration
of parturition with number of piglets (P = 0.92) and also
treatment regime (P = 0.20) was found. These results are in
agreement with statistical analysis performed without

consideration of litter size.
3.2. Vitality of Piglets

Ratio of piglets born alive and stillborn piglets decreased
in sows with eutocia depending on method of
synchronisation of parturition and hence with shortening of
duration of parturition (A: E; 1.1: 0.5; Table 4; Figure 4).

Table 4. Mean number of live- and stillborn piglets in sows with eutocia and dystocia, respectively.

Uncomplicated course of parturition/eutocia

Complicated course of parturition/dystocia

piglets born piglets born
G
roup n total live stillborn n total live stillborn
X X X X X X
A 585 12.0 10.9 1,1* 69 11.1 9.6 1.5
B 526 11.7 10.9 0.8° 131 11.5 10.6 0.9
C 134 10.8 10.0 0.8° 30 10.0 9.1 0.9
D 155 10.3 9.7 0.6 17 9.1 7.8 13
E 162 10.6 10.1 0.5° 24 8.5 7.3 1.2
a:bP<0.001 a:d P<0.0l a:c P>0.05a:¢ P<0.001.
r okl 1
10 m————*=*— ;
: [] Group A: no medication
94+~ ° :
3 [ ok = %% [ GroupB: PGF 2a
0 § | y |
° 7 ] S P || Group C: PGF 2a + Oxy
) :
= :
£ 6 : [] Group D: PGF 2a + Carb. 70
8 .
3 0 s
5 : | Group E: PGF 2a + Carb. 35
804 T T
5 3 } + arithm. mean value
2 4{ o - i [ ***p <0.001
14 r&"} — i e " p<0.01
’ I — 5 *p<0.05
0- D - -] l ] i i
T T
Eutocia Dystocia

Figure 4. Number of stillborn piglets in the different eutocic and dystocic groups.

Multiple Poisson regression using a generalised linear
mixed model was applied for analysis of relations of number
of stillborn piglets to eutocia and dystocia, respectively, and
to evaluate method of synchronisation of parturition.
Expected was an increase of stillborn piglets proportional to
the increase of overall mean number of piglets. For this
reason, overall number of piglets was included as a covariate
in the analysis. The Wald-test was carried out which showed
statistically significant differences between groups of sows
with different courses of parturition (P = 0.0002), and also
between treatment groups (P < 0.0001). In the dystocia
group, adjusted means (effect of litter size included in
analysis) were increased by 0.39 piglets. In addition, there
was a significant interaction between the two factors
treatment and course of parturition (P = 0.0033). This shows
that differences between treatments are not identical for
eutocia and dystocia. Therefore, analysis was repeated
separately for eutocia and dystocia, respectively (Table 4;
Figure 4). Futhermore, litter size had a statistically highly

significant effect on mean number of stillborn piglets (P <
0.0001). Regression coefficient was m = 0.158 over all
groups. This means that, on average, number of stillborn
piglets increased by 0.158 for each additional piglet per litter.

In sows with eutocia, number of stillborn piglets showed
an even more pronounced dependancy on total number of
piglets (m = 0.170; P < 0.0001). Effects of different
treatments were also highly significant (P < 0.0001).
Differences were validated by pairwise group comparison (P
< 0.001 — 0.05; Figure 4). The lowest number of piglet losses
was recorded in groups D (0.6) and E (0.5), respectively
(Table 4).

Mean number of stillborn piglets was increased in sows
with dystocia (P = 0.0002), variations between groups were
markedly smaller, but still statistically significant (P = 0.011)
(Table 4; Figure 4). Relation to litter size was significant,
however slightly lower than in sows with eutocia (m=0.117;
P <0.01).
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3.3. Post Partum Period

Data analysis showed a higher incidence of complications
during the postpartum period in the control group (12.82%)
compared to treatment groups (10.43-7.85%; Table 5). These
findings were independent from eutocia or dystocia,
respectively. Groups D and E (carbetocin 70 pg / 35 pg)
showed comparatively low incidences (8.6 and 7.6%,

35

sows with dystocia which had been treated with a PGF,4-
agonist showed a lower incidence of postpartum
disturbances. Comparison of couples for incidence of
postpartum disturbances in sows with dystocia did not show
any differences, however (P > 0.05).

Table 5. Percentage of postpartal disease throughout all groups of sows,
independent of course of parturition.

respectively). These differences were, however, not o n N O e T G %%
significant (group D: P = 0.053; group E: P = 0.064). In A 710 91 1282
comparison to group A, significance threshold of P < 0.05 g 719 75 10.43
was only just missed (P = 0.053; P = 0.064). Percentage of ¢ 180 17 9.44
disturbances postpartum was higher in sows with dystocia D 175 15 8.57
throughout all groups; differences were, however, not 191 15 7.85
significant (Table 6). Sows with spontaneous parturition (A), total 1975 213 10.78
however, showed the highest percentage (17.1%). In contrast,
Table 6. Comparison of percentage of postpartal disease in groups A-D + E, differentiated by course of parturition™.
Eutocia Dystocia Significance
Group Post partum complications Post partum complications
n n (P-value)
n % n %
A 585 74 12.7 82 14 17.1 0.27
B 526 55 10.5 140 18 12.9 0.42
C 134 11 8.2 33 5 15.2 0.22
D+E* 317 23 7.2 46 7 15.2 0.067

* Numbers of groups D + E were added because of the small group sizes.

Differing numbers of sows compared to table 5 are due to the fact that postpartal protocol was incomplete in some cases.

4. Discussion

As in all mammals, the peripartal period must be regarded
as a particularly critical time of the reproduction cycle also in
the sow. Within this relatively short period, increased
physical stress originating from the last third of gestation due
to enforced fetal growth add to extreme metabolic, endocrine
and psychological stress, which occurs within a time span of
only 24 hours, and which reaches its climax intra partum [8,
24,25, 15]. This stress is potentiated by initiation of lactation
which starts directly post partum and also by behavioural
changes (maternal behaviour).

Additionally, husbandry and also biotechnical measures
which are stressful for pregnant sows are carried out on farms
during the multidimensionally instable phase shortly before
farrowing. Between day 108 and 110 of parturition, sows are
rehoused from group housing or tethering, respectively, to a
separate farrowing stable. In most cases, this means a box
stable with reduced mobility and hence limitations of specific
peripartal behaviour. [25] report on the effects of chronic
stress during the porcine pre- and intrapartal period on
oxytocin and vasopressin describing an imbalance of these
two hormones. The authors estimate that parturition is

induced hormonally around day 113-115 of pregnancy in 40%

of the breeding sows. Induction and hence synchronisation of
parturition, respectively, by adminstration of PGF,,-
analogues is performed as a standard procedure and hence
without consideration of individual prepartal status of the
sow, i.e. of endocrine and metabolic changes directly before

parturition, and also behavioural changes. Administration of
PGF,, results in an abrupt decrease of peripheral
progesterone levels, however, it can be doubted whether this
decrease matches other equally important maternal and fetal
prepartum changes [26-27]. Such hormonal imbalances
would have an effect on stage I (opening phase), and also on
stage II (expulsion phase) of parturition.

The results of this study show that, after induction of
parturition with PGF,, at the end of day 114 of gestation,
only 56.8% of the total of 1,265 sows treated entered stage 11
of parturition (expulsion phase) within 24 hours. In the
remaining sows, additional adminstration of other drugs
(oxytocin or carbetocin, respectively) 24 hours after injection
of the PGF,4-analogue was necessary for synchronisation of
stage II of parturition. This supports doubts already
expressed by other authors [26-27] (Table 1.).

In addition, course of parturition itself should be analysed
in this context. In sows without hormonal synchronisation of
parturition on day 113/114 of gestation, eutocia/ dystocia
ratio was 88.5: 11.5. Percentage of dystocia must, however,
be interpreted considering several factors, e.g. farrowing in a
box stand, 24-hour-monitoring of sows directly prior to and
during farrowing, precise documentation of course of
parturition, indications for obstretical interventions whenever
interval between expulsion of piglets was greater than 45 min
due to suspended labour or frustane expulsive labour (fetus
relatively too large; [28]).

Only few studies are available that allow comparison of
the eutocia/dystocia ratio concerning spontaneous parturition
as recorded in this study due to differences of husbandry
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conditions. A lower percentage (5%) of dystocia in sows with
spontaneous parturition was reported by [29]. [18] reported a
similar percentage (7.5%). Results of [30], however, are
similar to those of our own study (14.2%). Other studies
quoting dystocia rates for spontaneous parturition in sows are
not comparable due to several reasons. On the one hand, data
were not documented during parturition itself according to
criteria defined beforehand, but data were collected
retrospectively  from several farms with different
management methods of parturition by means of a
questionnaire [11, 5]. On the other hand, dystocia rates were
related to the number of manually developed piglets, or
duration of parturition was selected as a criterium for
dystocia [31, 14, 32].

According to the results of this study, dystocia rates may
vary from rates reported for spontaneous parturition when
parturition is artificially induced. Dystocia rate significantly
increased to 19.5% (P < 0.001) after administration of the
PGFyq-agonist cloprostenol. Coefficient interval was 16.6-
22.6% (Table 1). [33] reported an even higher dystocia rate
(28%) for sows which were kept under comparable
conditions and which underwent induction of parturition with
cloprostenol. Dystocia rate dropped only insignificantly
(18.3%) after additional administration of oxytocin in sows
which had not reached stage II after 24 hours. Dystocia rates
decreased (11.4; 13.6%) and were then comparable to that of
controls (11.5; P > 0.05) only when 70 pg or 35 Mg
carbetocin were administered (Table 1).

If different time points of start of parturition are added to
these data, it becomes clear that parturition was markedly
delayed in those sows treated with PGF,q which also showed
dystocia later on (10.3: 15.3 hrs; +48%; +9%; Table 2). The
same can be observed in group C (PGF,4+ oxytocin) (1.3: 2.0
hrs). Adminstration of carbetocin (group D, E) resulted in
delayed start of parturition, when dystocia occured in the
following (+ 3.1%). The in part significantly delayed start of
parturition in sows with dystocia suggests that more or less
pronounced differences in partus-inductive hormonal and/or
metabolic profiles develop after adminstration of a
prostaglandin-analogue. [34] described a marked endogenous
hormonal reaction after administration of a PGF,s-analogue
on day 112 of gestation. However, measurements in this
study only relate to a control interval of 80 minutes post
injection of PGF,q, i.e. not directly to partus induction on
days 114-116 post conception. Therefore, the hormonal
profile during stage I and II of parturition in sows in which
partus is induced on day 113/114 post conception by
adminstration of PGF, still remains unknown.

As mentioned above, a PGF,, analogue is generally
administered routinely without consideration of the actual
hormonal profile ante partum, number of piglets and also
without knowledge of corpora lutea and weight of the sow.
Administration of PGF,, might hence not result in a total
blockage of progesterone in all sows, but in a partial drop of
peripheral progesterone levels in the individual animal.

This could be one reason for disturbances prior to the
expulsion phase (i.e. during the preceding stage I) such as

protracted relaxation of cervical and vaginal tissues. During
the opening phase of parturition, gradual increase of
myometrial forces due to labour during transit from stage I to
stage II is important besides structural changes of soft tissues
of the birth canal, since they push the first piglet caudally
through the uteral corpus towards cervix, vagina, and
vestibulum. These myometrial forces widen the birth canal
temporalily and to its maximum for the next piglets to be
born. In this context, it is important to consider that the
network of myometrial oxytocin receptors might lack
sufficient density due to partial blockage of progesterone, so
that oxytocin secreted by the posterior pituitary cannot take
sufficient effect [35]. Possibly, elevated progesterone levels
might also inhibit a sufficient influx of extracellular Ca™" into
the myometrial cell with incomplete actin-myosin-complex
formation. The described processes could explain why
dystocia rate does not decrease in spite of administration of
oxytocin 24 h post injection of PGF,, (group C; Table 2).
Dystocia rate could only be reduced toward the rate
documented in controls by administration of carbetocin, i.e.
of long-acting-oxytocin (Table 1). It must be noted, however,
that the half-life of oxytocin is 3.4 minutes only [36]. In
contrast, carbetocin (1-deamino-1-carba-2-tyrosine (o-
methyl-oxytocin)), a long-acting-oxytocin, has a half-life of
85 min [37-38]. The longer half-life of carbetocin could
explain why dystocia rate due to weak labour is markedly
reduced to a rate similar to that of the control group after
adminstration of carbetocin in case of of biotechnical partus
induction.

In this context, it is of particular interest at what time
disturbances of partus which was an indication for obstretical
intervention occurred. In the control group, dystocia was
observed during the Ist third of parturition in 20.9% of the
sows (i.e. approx. every 5th sow). In sows with partus
induction with PGF,, only, dystocia was observed in
approximately every 4th sow (25.2%). This could again be an
indication for insufficient labour during transit from stage I
to stage II of parturition in some of the sows, independent
from whether partus had been inducted or not. Effects of
oxytocin or carbetocin, respectively, administered 24 hrs post
injection of the PGF,4-analogue in case of suspended labour,
are described in the following. In groups C-D (Figure 3)
obstetrical intervention during the 1st third of parturition was
only necessary in 4% and 12% of the sows, respectively.
Since the effect of oxytocin is relatively short, obstetrical
interventions showed a disporportional cumulation in the 2nd
third of parturition (Figure 3).

Group-related total number of piglets showed variations
due to random weekly assignment of sows to different
methods of partus induction. This was statistically considered
when evaluating duration of parturition in sows with eutocia.
Litter size was a highly significant determinant for duration
of parturition in all sows (P < 0.0001; regression coefficient
m = 5.26 min/piglet). This confirms general observations,
and also data in literature. In spite of this calculation, the
result remains evident, since a significant reduction of
duration of parturition (P < 0.001) can be achieved which
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differs according to the method used. However, this is only
true for sows with eutocia. This indicates that sows with
eutocia show a regular partus-associated homone profile,
particulary a profile which determines labour, and that they
are metabolically balanced.

In sows with eutocia, duration of parturition was shortened
depending on method of artificial partus inducation, and this
was also related with an increase in number of live born
piglets. There was a significant reduction of the stillborn rate
from 1.1 to 0.5 in group A-E (P < 0.002 - 0.05) (Table 4;
Figure 4). In comparison to the results of this study, [29]
reported a higher stillborn rate (1.6 vs. 1.1 in the present
study) for sows with spontaneous parturition. [39] found a
variable stillborn rate in 5 different pig breeds (0.2-0.9/litter).
It must be noted that adminstration of oxytocin or carbetocin
in the early stage II of parturition had no negative effect on
the stillborn rate. This is in contrast to observations made by
[4, 30, 40]. Both studies report a decrease in fetal heart rate,
rupture of the umbilical cord, and intrauterine passing of
meconium, all signs of intrauterine hypoxia, after
administration of oxytocin (1 IU/6 kg body weight of the sow)
following expulsion of the first piglet, which resulted in an
overall increase in stillborn rate. According to [4, 30, 41],
this effect is due to an oxytocin-induced increased uterine
contractability and hence to intervals of hypoxemia. However,
due to the short half time of oxytocin [36], the effect should
have been limited to a short period of time. Myometrical
spasms may, however, have developed in case of frequent
adminstration of oxytocin at short intervals. [42] reported
that sub partu administration of oxytocin or carbetocin,
respectively, does not result in a decrease of fetal intravasal
pH, and that there were no differences compared to
spontaneously born piglets. In consequence, postnatal pH as
measured 2 hours post natum was physiologically higher in
both groups (pH = 7.4000-7.4500).

In our study, we also evalutated frequency of the
postpartal syndrom, also described as postpartal dysgalactia
syndrome [43], puerperal septicaemia-toxaemia syndrome
[44], or as MMA-complex [45], respectively (Table 5, 6).
There was a marked decrease in correlation to biotechnical
techniques of partus induction. However, this decrease was
statistically insignificant. Percentage was 10.8 throughout
all groups. In contrast to general opinion that the postpartal
syndrom occurs more frequently in sows with protracted
parturition, particularly when manual obstetrical
intervention was necessary, this could not be proven
statistically (Table 6). Compared to sows with eutocia,
incidence was higher in sows with dystocia (14.6% vs.
10.4%), the differences were, however, not significant for
neither global comparison nor comparison between groups.
In sows with spontaneous parturition, independent from the
fact whether partus was undisturbed or disturbed,
percentage of sows with elevated body temperature was
higher, however (eutocia 12.7%, dystocia 17.1%), than in
the treatment groups (eutocia 9.2%, dystocia 13.7%). This
might be due to a shorter duration of parturition after
hormonal partus induction. Similar observations were made

by [6]. In our study, incidence of elevated body temperature
was 22.9% in the control group, and 10% on average in
sows in which partus had been induced by alfaprostol. A
former study by [46] on postpartal disturbances in sows
with spontaneous parturition also reported a higher
incidence (gilts 20.5%, older sows 19.1%) compared to
results of the present study. Comparison of the results of
older studies on postpartal disturbances and newer data
shows remarkable differences, because it is obvious that
percentages show a marked decrease. This could be due to
improved hygiene conditions in pig breeding.

5. Conclusion

This study presents some interesting facts concerning the
course of parturition and the early postpartum period in
sows with or without partus induction, particularly in view
of duration of parturition, percentages of sows with
dystocia, number of vital and stillborn piglets, respectively,
and incidence of postpartal disturbances. Dystocia rates
showed a wvarious overall increase, with differences,
however, depending on method of artificial partus induction.
Duration of parturition, number of stillborn piglets and
incidence of postpartal disturbances were all positively
influenced depending on the partus induction method.
However, as a general statement, this is only true for sows
with eutocia.
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