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Highlights
* The plasma level of progesterone to predict the time of onset of parturition was evaluated in

25 preparturient bitches.
* Levels below 8.7 nmoL/L indicate that there is a 99% probability of parturition within 48 h.

* Levels below 3.18 nmoL/L indicate there is a 100% probability of parturition within 24 h.

Abstract

Precise prediction of the time of onset of parturition in the bitch is of clinical importance.
Many parturition management cases in clinical practice are presented in the last two weeks of
pregnancy without a reliable estimate of the parturition date. The aim of this study was to
assess the value of a single progesterone level in the blood plasma from a preparturient bitch
to predict the time of onset of parturition. The temporal relationship between the decrease in

the plasma progesterone levels and the time of cervical dilatation (TCD)—which correlates to
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the onset of stage 1 of parturition—was evaluated in 25 bitches in the preparturient period.
Among bitches destined to reach TCD within 12 h there is a 2% probability of having a
plasma progesterone level of 15.8 nmol/L or above and a 6% probability of having a level of
8.7 nmol/L or above. Conversely, if the level is below 8.7 nmol/L there is a 99% probability
of reaching TCD within 48 h and if the level is below 3.18 nmol/L there is a 100%
probability of reaching TCD within 24 h. These results allow the veterinary obstetrician to

make prompt decisions in the management of parturition.
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1. Introduction

Predicting the time of onset of spontaneous parturition in the bitch in late gestation is
clinically important. The time spent observing parturition may be drastically shortened if one
can accurately predict a particular interval wherein the bitch is either very likely or very

unlikely to enter spontaneous parturition.

The onset of parturition (the first stage of parturition) is characterized by the dilatation of the
cervix which also signals readiness for caesarean section (CS) [1]. Because the behavioral
signs associated with early stage 1 of parturition may be variable [2], cervical dilatation
offers a reliable and objective indicator of onset of the first stage of parturition. Following the
first stage are the second and third stages, during which the fetuses and the placentas are

delivered.

The majority of bitches presented in late gestation for parturition management are ones for
which only mating dates are available. Mating dates are of no help in predicting parturition
dates [3-6]. In late pregnancy it was concluded that the biparietal diameter was most accurate

in predicting gestational age and that the crown rump length may be difficult to measure



because of fetal flexion and fetal lengths that exceed the size of the ultrasound image [7-9]. A
study involving English bulldogs suggested that caesarean sections (CSs) can be scheduled
safely when the fetal biparietal diameter has reached a value of 29.5 mm or above [10].
Further studies are required to establish whether it is routinely safe to time CS based on
methods involving gestational age estimation in dogs by ultrasonographic assessment of fetal

biometric measurements.

Progesterone appears thermogenic in the dog [11] but the effect may be variable [12-17] and
some bitches may not demonstrate a detectable preparturient decrease in rectal temperature
even when monitored three times daily [18]. It may therefore be concluded that the
preparturient temperature decrease can give important clues but that it is not accurate or
reliable enough to use as sole predictor of the time of parturition or indicating fetal maturity

and safety for intervention by CS.

The level of progesterone in blood plasma or serum (PL) decreases prior to parturition [19-

21]. The usefulness of PL in predicting the TCD requires further investigation.

It is safe to perform a CS once the cervix has dilated [1]. The time of onset of spontaneous
cervical dilatation (TCD), corresponds to the time of onset of the first stage of spontaneous
parturition and therefore it would be helpful if there were a method to predict TCD in bitches

that are in the preparturient period.

The aim of this study was to assess the value of a single PL from a preparturient bitch to

predict TCD.

2. Materials and Methods

The protocol was approved by the Animal Ethics Committee of the Faculty of Veterinary

Science, University of Pretoria, (Onderstepoort, South Africa) (protocol number VV010/14).



2.1. Bitches

The experimental animals were all English bulldog and Boerboel bitches presented to a
private veterinary clinic for routine estrus observation, artificial insemination and elective
CS. The decision to plan an elective CS was based on breed in the case of English bulldogs
and on the history of previous dystocia, puppy losses and CS in Boerboels. All bitches
weighed more than 20 kg. All owners declined an attempt to allow the bitches to undergo
spontaneous unassisted parturition. The current study included 28 bitches (12 English bulldog
and 16 Boerboel). All bitches used in the current study were well habituated, used to
travelling, showing and residing at the obstetric clinic for purposes of artificial insemination
and management of parturition. Bitches that were combative or resisted the minimal restraint
required to collect blood were not included in the study. All experimental animals were

housed and fed commercial dry pellets twice daily with ad-lib water.

2.2. Collection of specimens and data
During pro-estrus and estrus, vaginal speculum examinations and vaginal smears were made
once daily to establish the first day of cytological diestrum (DO), using the criteria set out by
Holst and Phemister (1974). An ultrasound examination was performed between D26 (26 d
after the onset of D0) and D35 to confirm pregnancy and identify bitches carrying a
singleton. In the preparturient period, starting at D54, each bitch was admitted for parturition
management and if a small litter was suspected, a radiograph was taken to confirm litter size
and exclude singleton pregnancies from the study. On the day of admission, a central venous
catheter (18 gauge, 20 cm in length, Catalogue Number 04218, Arrow International,
Pennsylvania, USA) was instilled in their jugular vein and heparinized blood was collected
every 6 h at 6:00, 12:00, 18:00 and 24:00, with the last collection at TCD. Immediately
before each blood collection, a Perspex tubular speculum (22 mm outer diameter, 17 mm
inner diameter, length 280 mm) was passed into the vagina to determine whether the cervix
had dilated. A cold light source was used to illuminate the speculum. In cases where mucus in

the anterior vagina obscured viewing the cervix, the mucus was suctioned using a Perspex



bovine insemination pipette and a 20 ml syringe. In 16 bitches that showed signs of first-stage
labor a vaginal speculum examination was performed less than 5 hours after the last
scheduled examination and revealed that cervical dilatation had begun. In these 16 bitches,
the blood sample at TCD was collected more than one hour before the next scheduled time.
Once at TCD, a bitch was considered ready for immediate CS. TCD identified the day and

time of onset of spontaneous parturition.

The blood was immediately transferred to a 10-ml green-stoppered heparinized glass vial
(BD Vacutainer ® (170 1U lithium heparin), BD Plymouth, UK) and was centrifuged within
30 min after collection, following which it was transferred to 1.8 ml cryo vials (Catalogue
number 750273, PlastPro Scientific, Edenvale South Africa), labelled and frozen at -20 °C

until analyzed.

The levels of progesterone and cortisol were determined in each plasma sample, using the
Coat-A-Count® radioimmunoassay (Siemens Health Care Diagnostics Inc. Los Angeles, CA
90045 USA) for each hormone. This assay has been validated for dog plasma [22] and used
to determine the progesterone level (PL or PLs for progesterone levels) in the serum or

plasma of bitches for decades [23-28] and for cortisol assays [29-31].

All determinations of PL and cortisol were done in duplicate (two replicates simultaneously
done in the same assay). The intra-assay coefficient of variation was determined for the PLs
of the two replicates of each sample. The levels of cortisol of 19 plasma samples were each

determined in two assays and the mean level of each sample in each assay used to determine

the interassay coefficient of variation.

Six plasma samples from peri-estrous bitches—two of which had PLs between 2 nmol/L and

4 nmol/L, two had PLs between 13 nmol/L and 14 nmol/L and two had PLs between



22 nmol/L and 23 nmol/L—were each analyzed in six or seven different assays and the

interassay coefficient of variation calculated.

2.3. Data analysis
Data of bitches carrying more than one fetus and on which a CS was performed once cervical

dilatation was first noticed were used for analysis.

2.3.1. General investigation of the pattern of change, and variability of

progesterone levels during the preparturient period

A set of line graphs were compiled showing the PL at each of the six-hourly measurements
prior to TCD in each bitch and the pattern of change in individual bitches and the variability

among bitches visually appraised.

We used a mixed-effect regression with progesterone level as response variable, time before
cervical dilation and breed as covariates and bitch as random effect. The interaction between
the covariates was also included in the model. This analysis was done on 272 progesterone
levels, excluding the 25 at the time of onset of cervical dilatation in each bitch, because these
25 were only measured after vaginal speculum examination had confirmed the onset of

cervical dilatation.

2.3.2. Selecting the progesterone level that would best predict the time to cervical

dilatation

2.3.2.1. Identifying possible cross points

A scatterplot of PL against time was generated, where time represents the time until cervical
dilatation was first noted (TCD), which was denoted time zero. Progesterone level was

plotted on the y-axis, with PL increasing with height on the axis. Time was plotted on the x-
axis, with Time zero on its right extreme and the time most distantly preceding Time zero on

its left. Vertical lines on the graph are referred to as time lines and horizontal lines as PL



lines. The point where a time line and a PL line cross we termed a cross point. All PLs from

each of the 25 bitches were plotted on the scatterplot.

Ignoring the PLs at Time zero—by which time the cervix had started to dilate—the
scatterplot (Figure 2) was visually inspected and subjectively appraised for a pattern of
change of PL over time. Given the downward trend in PL as time zero approached, a search

for possible cross points was done.

Either of two criteria defined useful cross points. The first was that the top right quadrant (the
zone above or on the PL line through the cross point and to the right of or on the time line
through it) should have as few as possible of the PLs on the scatterplot. (This is so because
bitches with PLs in the top right quadrant will undergo cervical dilatation sooner than
suggested by their PLs at the time, possibly with unexpected and undesirable obstetric
consequences.) The second criterion was that the bottom left quadrant should have as few as
possible of the PLs on the scatterplot. (In the clinical setting bitches with PLs in the bottom
left quadrant would not undergo cervical dilatation when expected according to their PLs, and

they would require prolonged observation with follow-up obstetric examination.)

With the above criteria in mind, the scatterplot was inspected at clinically important time
lines to identify that PL line at each that would either have the top right quadrant or the

bottom left quadrant or both sparsely populated or without PLs.

2.3.2.2. Time lines that were considered

The clinically important time lines were 12, 24, 48 and 96 h before TCD.

Given a particular PL line and the general decline in PLs as TCD approaches, time lines
closer to TCD are more likely to identify optimal cross points of which the top right quadrant
is devoid of or sparsely populated with PLs than time lines preceding TCD by longer

intervals. In the clinical setting, it would be unlikely to find a bitch with a PL above or on the



PL line through such an optimal cross point that would reach TCD during a period shorter by
the one signified by the time line through it. The 12-hours and 24-hours time lines were

investigated with such benefit in mind.

Given a particular PL line, the general decline in PLs as TCD approaches suggests that time
lines further ahead of TCD (closer to 96 h before TCD) are more likely to identify optimal
cross points of which the bottom left quadrants are devoid of or sparsely populated with PLs.
Such cross points will have the value of allowing clinicians to suitably schedule observation
and follow-up examination of the preparturient bitch. The 96-hours, 72-hours and 48-hours

time lines were investigated with such benefit in mind.

Time lines closer to TCD may also identify cross points with low PL lines of which the
bottom left quadrant is sparsely populated or free of PLs. Such cross points may allow
clinicians to identify bitches in which TCD is due soon. If the time line through the cross
point is sufficiently close to TCD it may allow the clinician to safely perform a preparturient
CS or to schedule it to follow shortly. The 12-hours and 24-hours time lines were selected for

investigation with such benefit in mind.

2.3.2.3. Priorities by which to search for the best cross point

Various parameters were considered as means of comparing candidate cross points. These
parameters were the sensitivity (SE), specificity (SP), false negative fraction (FNF), false
positive fraction (FPF), positive predictive value (PPV) and negative predictive value (NPV)
[32]. Those parameters that would be most suitable to quantitatively characterize a cross
point were short-listed and used to compare cross points. Referring to Figure 2, the following
symbols were used to facilitate description of a cross point: Tg = number of PLs in the top
right quadrant, Bg = number of PLs in the bottom right quadrant, T = number of PLs in the

top left quadrant and B = number of PLs in the bottom left quadrant.



2.3.2.4. Parameters pertaining to the top right quadrant
FNF = 100(Tr/(Tr + Br)). The fewer PLs in the top right quadrant relative to the number in

the bottom right quadrant the lower the FNF will be. A low FNF is preferred.

SE = 100(Br/(Tr + Br)). The fewer PLs in the top right quadrant relative to the number in the
bottom right quadrant the higher the SE will be. A high SE is preferred. There is a fixed
relationship between FNF and SE because SE = 100 — FNF. SE may therefore be derived
from the FNF. We only used the FNF as it is intuitively aligned to the requirement for a
suitable cross point (a low FNF indicates that a low proportion of PLs to the right of a time

line fall above the PL line).

NPV = 100(T /(T + Tr)). The more PLs in the top left quadrant relative to the number in the
top right quadrant the higher the NPV will be. A high NPV is preferred. From the general
pattern of decline in PL as TCD approaches follows that more PLs should be expected in the
top left quadrant of a cross point if bitches are included that are still further away from TCD
than those reflected in Figure 2. The NPV therefore depends on the time horizon prior to

TCD that is being considered. We therefore excluded NPV from further analysis.

From the above follows that the only parameter pertaining to the top right quadrant that we

considered was the FNF.

2.3.2.5. Parameters pertaining to the bottom left quadrant
FPF = 100(B./(BL + T.)). The fewer PLs in the bottom left quadrant relative to the number in

the top left quadrant, the lower the FPF will be. A low FPF is preferred. From the general
pattern of decline in PL as TCD approaches follows that more PLs should be expected in the
top left quadrant of a cross point relative to the bottom left quadrant if bitches are included

that are still further away from TCD than those reflected in Figure 2. The FPF therefore
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depends on the time horizon prior to TCD that is being considered. We therefore excluded

FPF from further analysis.

SP =100(T /(T + BL)). The fewer PLs in the bottom left quadrant relative to the number in
the top left quadrant, the higher the SP will be. A high SP is preferred. There is a fixed
relationship between FPF and SP because SP = 100 — FPF and SP was therefore also

excluded from further analysis.

PPV = 100(Br/(Br + BL)). The fewer PLs in the bottom left quadrant relative to the number

in the bottom right quadrant, the higher the PPV will be. A high PPV is preferred.

The only parameter pertaining to the bottom left quadrant that we considered was the PPV.

Fisher's exact test was used to compare English bulldogs and Boerboels with respect to the

cross points reflected in Tables 1 and 2.
2.3.2.6. Performance of selected cross points
Once the cross points associated with low FNFs and high PPVs were identified, we

determined how well they characterize the 25 bitches in the study.

All analyses were done with STATA version 14 (StataCorp, 4905 Lakeway Drive, College

Station, Texas 77845 USA) or with Excel.

3. Results
One English bulldog and two Boerboels were excluded because they had litters of one,
leaving 11 English bulldogs with litters of 4 to 10 puppies (mean 6.9, SD 2.08) and 14

Boerboels with litters of 8 to 13 puppies (mean 10.07, SD 1.90) in the study.

No pattern in either the level of cortisol in the blood plasma or the change thereof over time

occurred that was sufficiently consistent among bitches to warrant further appraisal of
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cortisol as a predictor of TCD. No cortisol levels other than those of the few hours preceding

cervical dilatation (see Section 3.2 3.2.1 are shown.

3.1. Precision of the progesterone assay
The standard curve for the concentration of progesterone ranged from zero to 127.2 nmol/L.
The intra-assay coefficients of variation of progesterone in plasma samples from
preparturient bitches with mean PLs below 2 nmol/L, between 5.5 nmol/L and 6.5 nmol//L,
between 16 nmol/L and 16.9 nmol/L and between 30 nmol/L and 38.7 nmol/L were

respectively 9.21% (n = 20), 3.56% (n = 12), 5.83% (n = 16) and 2.96% (n = 16).

The mean interassay coefficient of variation was 12.45% for the two plasma samples with
PLs of 2 nmol/L and 4 nmol/L, 7.21% for the two tubes with PLs of 13 nmol/L and

14 nmol/L and 5.69% for the two tubes with PLs of 22 nmol/L and 23 nmol/L.

3.2.Progesterone as preparturient predictor of TCD

3.2.1. General pattern of change of PL during the preparturient period
Figure 1 shows the change in PL over time during the last few days before TCD in 25
bitches. Generally, there was a decline in PL that started 48 h or less prior to TCD. Both, the
pattern of decline and the levels of progesterone varied substantially among bitches. In one
bitch (Amie) PL increased from 2.7 nmol/L three hours before TCD to 10.2 nmol/L at TCD.
In another (Zandrie) PL increased from 3.15 nmol/L one hour before TCD to 12.84 nmol/L
one hour later, at TCD. Associated with these increases in PL were steep increases in the
level of cortisol from 32 nmol/L (Amie) and 25 nmol/L (Zandrie) to 347 nmol/L and 248
nmol/L during the 7 to 9 hours before TCD. These increases in cortisol by 315 and 223

nmol/L were substantially larger than those in the other 23 bitches over the same period
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(mean 33.2, SD 54.6 nmol/L, ranging from a decrease by 76 nmol/L to a maximum rise by

138 nmol/L).
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Figure 1. The level of progesterone in blood plasma of 25 bitches, measured six-hourly during the last few days

before the time of cervical dilatation (TCD)
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For the 25 bitches, the median and interquartile range in PL at TCD were 3.43 (1.59-6.1)

nmol/L, with values ranging from 0.95 nmol/L to 12.84 nmol/L.
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Figure 2.Scatterplot of the 272 progesterone levels prior to the onset of cervical dilatation of 25 bitches, as well

as the 25 levels at the time of cervical dilatation (Time zero), with reference lines used to identify possible cross

points

3.2.2. Useful cross points

Applying the 12-, 24-, 48-, 72- and 96-hours time lines (Figure 2), revealed that PL lines of

3.18-, 8.7- and 15.8 nmol/L may identify useful cross points.

Table 1 identifies the cross points with few PLs in the top-right quadrant. Nine percent of
bitches destined to reach TCD within 24 hours but only two percent destined to do so within
12 hours are expected to have a PL of 15.8 nmol/L or above. Six percent of bitches destined
to reach TCD within 12 hours are expected to have a PL of 8.7 nmol/L or above. Not

reflected in Table 1 is that the FNF for the 12 h by 3.18 nmol/L cross point is 52%, implying
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that 52% of bitches destined to reach TCD within 12 h will have a PL of 3.18 nmol/L or

above.

Figure 1 shows that PL determination started 96 hours or more before TCD in only four of
the 25 bitches and 72 hours or more before in nine. Ninety six hours and 72 hours were
therefore not considered as timelines in this study. Figure 1 shows that PL determination

started 48 h or more in 18, 24 h or more in 23 and 12 h or more in all 25 bitches.

Figure 1 shows that the first PL measured was already below 15.8 nmol/L in 12 of the 25
bitches and 15.8 nmol/L was therefore not considered as a PL line identifying a bottom left
quadrant that is sparsely populated with PLs. Figure 1 also shows that the first PL measured
was below 8.7 nmol/L in three bitches, whereas the first PL of each bitch was above 3.18
nmol/L. Table 2 identifies the cross points with no or few PLs in their bottom left quadrants.
Ninety nine percent of bitches with a PL below 8.7 nmol/L are expected to reach TCD within

48 hours and all bitches with a PL below 3.18 nmol/L are expected to do so within 24 hours.

Time to cervical dilatation (P < 0.001) but not breed (P = 0.41) or the interaction between
them (P = 0.40) affected progesterone levels. Tables 1 and 2 show that breed did not affect
the efficacy of the selected cross points as predictors of the time of cervical dilatation (P >

0.05).
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Table 1. Useful cross points by which the progesterone level in blood plasma (PL) may aid in predicting the time of onset of cervical dilatation because few progesterone

levels occur in their top right quadrants

Bulldogs Boerboels Both breeds
Cross point FNF (%)* PLs®  Bitches FNF (%) PLs  Bitches FNF (%) 95%CI° PLs  Bitches
24 h by 15.8 nmol/L 13.7° 44 11 5.4° 56 14 9 5-16 100 25
12 h by 15.8 nmol/L 4.5 22 11 o 28 14 2 0-10 50 25
12 h by 8.7 nmol/L 9.1° 22 11 3.6° 28 14 6 2-16 50 25

% False negative fraction; ® Number of progesterone levels; P = 0.18; “P = 0.44; P = 0.58

Table 2. Useful cross points by which the progesterone level in blood plasma may aid in predicting the time of onset of cervical dilatation because few progesterone levels

occur in their bottom left quadrants

Bulldogs Boerboels Both breeds
Cross point PPV (%)* PLs”  Bitches PPV (%) PLs Bitches PPV (%) 95%CI° PLs  Bitches
48 h by 8.7 nmol/L 97.3° 37 11 100° 55 14 99 94-100 92 25
24 h by 8.7 nmol/L 89.2¢ 37 11 83.6° 55 14 86 77-92 92 25
24 h by 3.18 nmol/L 100° 12 6 100° 21 10 100 90-100 33 16

2 positive predictive value; > Number of progesterone levels; P = 0.40; P =0.55;°P =1
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3.2.3. Performance of cross points with low false negative fractions

Cross point 15.8 nmol/L by 24 hours Six bitches that were less than 24 h prior to TCD
yielded 9 PLs of 15.8 nmol/L or above from 12 to 23.5 h before TCD (mean 19.19, SD 4.04
h). These 9 PLs represent false predictions that TCD would not have occurred within 24 h in
bitches with PLs of 15.8 nmol or above. With these 9 false predictions, TCD occurred 0.5-12
h (mean 4.81, SD 4.04 h) before the end of the 24-hour period during which TCD was

predicted not to have occurred.

Cross point 15.8 nmol/L by 12 hours A PL of 16.4 nmol/L occurred in Shakira 12 h prior to
TCD (Figure 1), which constitutes the only false prediction that TCD would not occur within
12 hin bitches with PLs of 15.8 nmol/L or above. In Shakira, TCD occurred zero hours

before the predicted 12-hour period has lapsed.

Cross point 8.7 nmol/L by 12 hours A PL of 8.7 nmol/L or above in three bitches falsely
predicted that they would not have reached TCD within 12 hours. They were Shakira with a
PL of 16.4 nmol/L 12 hours before TCD, Toska with a PL of 15.4 nmol/L 10.3 hours before
TCD and Lady with a PL of 8.7 nmol/L 5.5 hours before TCD). In these bitches TCD
occurred zero, 1.7 and 6.5 h before the end of the 12-hour period during which TCD was

predicted to not have occurred.

3.2.4. Performance of cross points with high positive predictive values

Cross point 8.7 nmol/L by 48 hours In three bitches (Nala, Ole and Smartie) blood collection
started after PL had decreased below 8.7 nmol/L. In only one of these did blood collection
start more than 48 hours before TCD (Nala, 106.3 hours before TCD, Figure 1). Among the
22 bitches where blood collection started before PL decreased below 8.7 nmol/L for the first

time, it always decreased below 8.7 nmol/L less than 48 hours before TCD (Table 3).
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Cross point 3.18 nmol/L by 24 hours In eight bitches PL failed to decrease below 3.18
nmol/L by TCD. In a ninth (Leelo, Figure 1) the PL measured at TCD was the first to be
below 3.18 nmol/L. Table 3 shows that in none of the 16 bitches where PL decreased below

3.18 nmol/L prior to TCD did it do so more than 24 h prior to TCD.

Table 3. Interval to the time of cervical dilatation (hours) in bitches where the plasma progesterone level

decreased below the threshold while the cervix was still closed

Min Q: Median Qs Max Bitches
First decrease below 8.7 nmol/L 4.3 10.9 19.0 25.3 44.8 22
First decrease below 3.18 nmol/L 0.8 3.4 10.5 16.8 235 16

4. Discussion

Although cervical dilatation is a reliable and safe indicator of readiness for CS in the bitch, it
has no predictive value of the onset of parturition as parturition is by then imminent [1;33].
Determining whether the cervix is dilating using a speculum is easy to perform and very
reliable but requires some experience. Firstly one must use the correct size speculum for the
size of the dog. Secondly one may have to apply suction to remove some mucus from the

cranial vagina in order to visualize the cervix and one must have a proper light source.

The interval between mating and parturition in the bitch is highly variable, with a range of 10
days and a large standard deviation of 2.59 days [4]. Events during estrus, such as the first or
only day of the LH surge, the day on which PL first exceeds 6 nmol/L or 16 nmol/L or the
day of onset of cytological diestrum allow for more precise prediction of when parturition is
due [34]. In two small studies [14;35] and one somewhat larger study [36], the estimated time

of ovulation was successfully used to determine when to perform caesarean section in
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bitches. Often, bitches are not assessed during estrus, leaving the obstetrician with a problem

on predicting when parturition is due.

Progesterone level in the bitch has long been shown to decrease in preparturient bitches [19-
21;37]. This has also been shown in the current study. Given this pattern of decline, a cut-off
below which PL would allow prediction that parturition would start within a known interval
would be useful. The shorter this predictive interval the shorter the period during which
preparturient bitches will have to be observed for parturition and any complications
therewith. If the predictive interval is sufficiently short, it may also allow one to safely
perform planned obstetric interventions such as a planned caesarean section. Bitches with a
PL below 8.7 nmol/L are expected to have a dilating cervix within 48 hours and those with a

PL below 3.18 nmol/L within 24 hours.

Apart from the value of a PL below the cut-off, a cut-off is also clinically useful if it allows
one to confidently predict that a bitch with a PL above the cut-off is unlikely to start showing
signs of parturition within a particular predictive interval. A predictive interval of 12 hours or
longer is particularly useful as it would allow a clinician to safely conclude that a
preparturient bitch may be left without intense observation overnight. Given the limitations of
the current study the low false negative fractions reported in the current study suggest that
bitches with a PL above 15.8 nmol/L are highly unlikely to enter parturition as indicated by a
dilating cervix within 12 hours. Similarly, bitches with a PL above 8.7 nmol/L are unlikely to
show cervical dilatation within 12 hours. These two findings may be combined to conclude
that bitches with a PL above 8.7 nmol/L are unlikely to start with parturition, as indicated by

cervical dilatation, within 12 hours.

From the above follows that a cut-off would be of maximal use if a PL below that cut-off

yields a positive predictive interval (time within which the cervix would start dilating) that is
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sufficiently short to be clinically useful whereas a PL above that same cut-off would allow a
negative predictive interval (interval within which cervical dilatation is unlikely to start) that
is sufficiently long to be clinically useful. The cut-off of 8.7 nmol/L offers a positive
predictive interval of 48 h while offering the same, sufficiently long negative predictive
interval (12 h) as a cut-off of 15.8 nmol/L. Although the cut-off of 3.18 nmol/L offers a short
positive predictive interval of 24 hours it is unreliable as a criterion by which to predict that
TCD would not occur within 12 hours: 52% of bitches predicted not to reach TCD within 12

hours because their PL is 3.18 nmol or higher will actually do so.

The current study has three limitations. The first limitation is that when deciding on and
assessing possible cross points, we interpreted the PLs as if they were random samples from
272 preparturient bitches that were at the time intervals prior to TCD associated with the 272
PLs of the current study, which they were not; they were repeated samples from each of 25
bitches. Nevertheless, the wide spread in PLs at any time before TCD, together with the
combined pattern of decline towards TCD shown by the 272 PLs suggest that they may
approximate those expected from 272 bitches at the same intervals before TCD as the 272
PLs of the current study. This notion is also supported by the results that the 25 bitches in the
current study matched the predictions implied by the cross points quite well—especially with
respect to the FNF associated with the 15.8 nmol/l by 12 h- and the 8.7 by 12 h cross points
and the PPV associated with the 8.7 by 48 h- and the 3.18 by 24 h cross points. We

nevertheless suggest caution in generalizing the inference to all bitches.

A second limitation is that we excluded singleton pregnancies. It is suspected that incomplete
luteolysis might have a role in the singleton enigma [38;39]. If so, preparturient PL may be of
limited use in alerting the veterinary obstetrician to imminent parturition in singleton
pregnancies and singletons were therefore removed from the current study. Further research

is required as to how best deal with the singleton pregnancy.
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A third limitation of the current study is that only two breeds are represented. It is not known
whether the pattern and rate of decline in PL prior to parturition differs among breeds.
Although the general pattern of decline in PL caused PL to depend on time to cervical

dilatation, it was similar for the two breeds in the current study.

We suspect that the large increase in plasma cortisol levels in Amie and Zandrie during the
seven to nine hours prior to cervical dilatation was due to stress associated with the first stage
of parturition. Stress is known to induce increased levels of cortisol and progesterone in the

blood [40-42] and that this progesterone is derived from the adrenal [40].

Our study concurs with that of Rota et al. (2015) in which they concluded that “Due to a very
large individual variation [with respect to the interval between reaching a specific level of
progesterone in their serum and parturition], a single progesterone determination has low
diagnostic efficacy, although it can represent a useful first screening”[43]. Given the
limitations of the current study, its results justifies future research as follows to assess the
general applicability of its findings in bitches of a variety of breeds carrying litters larger than
one where the time of spontaneous cervical dilatation (TCD) has to be identified to the
nearest six hours by means of PL in conjunction with vaginal speculum examination: If the
cervix of a bitch in late gestation is still closed her PL is immediately measured. If it is 8.7
nmol/L or above, vaginal speculum examinations will be continued 12-hourly—immediately
followed by PL determination as long as the cervix is closed—until TCD has occurred or PL
has decreased below 8.7 nmol/L. Once PL has decreased below 8.7 nmol/L, no further PLs
will be measured but 6-hourly speculum examinations done to identify TCD. (TCD is
expected within 48 h after the first PL occurs that is below 8.7 nmol/L but 3.18 nmol/L or

higher and within 24 h if it is below 3.18 nmol/L.)
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Baan et al. (2005) and Levy et al. (2009) showed that elective caesarean section can be done
effectively on average 2—2.5 days prior to the expected day of parturition based on the
estimated day of ovulation in bitches pretreated with aglepristone. In a small study,
Vannucchi et al. (2012) showed that caesarean section may be done effectively about 5 d
before the day on which parturition is expected based on the estimated time of ovulation in
bitches pretreated with a corticosteroid. In contrast to these studies, it is not known how long
before parturition an elective caesarean section can safely be done in bitches that have not
received any pretreatment and where estrus has not been monitored. If an elective caesarean
section is contemplated and the safe interval prior to TCD during which it may be done were
known, vaginal speculum examination immediately followed by PL determination may be
used to estimate the time of readiness for caesarean section: If, for example, it were known
(which it is not) that it is safe to perform an elective caesarean section 24 hours prior to TCD,
the safety of performing the elective caesarean section 24 hours after the first PL below 8.7
nmol/L but equal to or above 3.18 nmol/L has occurred, provided that another PL 24 hours
after the first below 8.7 nmol/L shows a distinctly lower level. If it were safe to perform an
elective caesarean section 24 hours prior to TCD, it is justified to investigate the safety of

performing the caesarean section once a PL below 3.18 nmol/L occurs.

The attempt made in the current study to determine the precision with which PL in the
preparturient bitch is able to predict TCD is important in the context of planning when to
perform elective caesarean sections. This is because the risk associated with poor precision
could lead to performing CSs too early or too late with catastrophic consequences for the
fetuses and possible legal actions if, retrospectively, intervention or lack thereof is claimed to
have reduced puppy survival. Despite the identification in the current study of cross points
with time lines below 48 h that are associated with high PPVs, further studies are required to

establish whether it is safe to routinely perform CSs based on the PL having decreased below
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the level suggested by the PL-line of the critical cross point. These results would allow the

veterinary obstetrician to make prompt decisions in the management of parturition.

5. Conclusions

A cut-off in PL of 15.8 nmol/L is clinically useful as a single PL above 15.8 nmol/L in a
bitch with a closed cervix indicates that she is unlikely to start with parturition (cervical
dilatation) within 12 hours. A cut-off in PL of 8.7 nmol/L is clinically useful as a single PL
below 8.7 nmol/L in a bitch with a closed cervix indicates that she is likely to start with
parturition (cervical dilatation) within 48 hours and a PL above 8.7 nmol/L that she is
unlikely to do so within 12 hours. Further, a cut-off of 3.18 nmol/L is also clinically useful
because a single PL below 3.18 nmol/L in a bitch with a closed cervix indicates that she is

likely to start with parturition (cervical dilatation) within 24 hours.
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