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The objective of the study was to assess clinical alterations, electrocardiographic, hematological,
biochemical, hemogasometric, electrolytic, and hormone plasma concentrations in bitches with eutocia
and dystocia. Overall, 28 bitches (dystocia, n ¼ 22 and eutocia, n ¼ 6) were assessed. The evaluations
were performed at 2 time points, M1 (1 hour prepartum—eutocia group and cesarean or clinical
intervention—dystocia group) and M2 (postpartum—eutocia or dystocia group and anesthetic recovery—
dystocia group). The main clinical finding was the hypothermia (mean: 36.91C dystocia vs. 36.81C
eutocia). Sinus arrhythmia and tachycardia were the electrocardiographic parameters predominant in
eutocia and sinus rhythm in dystocia group. The P wave amplitude, heart rate, creatinine concentration,
hematocrit, and hemoglobin were increased in M1 (P o .05), whereas the concentration of TCO2 was
higher in M2. There was an increase in P4 concentration in dystocia and total T3 concentrations were
increased in M1 in both groups. Total T4 was higher in dystocia during M1 and in dystocia during M2 in
eutocia than in dystocia. We concluded that at 1 hour prepartum or pre-cesarean, there is an increase in
heart rate in bitches with eutocia or dystocia, and this finding was correlated to thyroid hormone
concentration. P4 concentrations remained high during dystocia, and hematological and biochemical
changes returned to normal after parturition. The evaluation of these parameters in pregnancy can be
used as tool to prevent dystocia and consequent fetal death.

& 2016 Elsevier Inc. All rights reserved.
Introduction

Pregnancy involves hormonal changes and electrolyte and
electrocardiographic changes, which can be physiological and
related to eutocia or can predispose to dystocia. The endocrine
mechanisms involved in pregnancy and parturition in bitches have
not yet been fully elucidated.1

The duration of pregnancy in dogs ranges from 56-68 days
depending on the initial date considered.2 In general, it can be
considered that parturition occurs 63 days after ovulation. The
progesterone produced by the corpus luteum is responsible for the
maintenance of pregnancy, and its secretion is dependent on the
luteotrophic hormones and prolactin.3 Plasma progesterone secre-
tions are less than 2 ng/mL between 36 and 48 hours before
parturition.4

Thyroid hormones have important functions during pregnancy
and parturition,5 and their concentrations are involved in an
increase in oxygen consumption, cholesterol excretion, glucose
absorption, enhanced insulin action, increased force of cardiac
contraction and heart rate (HR), an increase in stroke volume
and intestinal peristalsis, and secretion of growth hormone in
icine. Published by Elsevier Inc.
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pregnant female dogs.6,7 In the fetus, thyroid hormones are
important for development of the neural and skeletal systems.8,9

Cardiac arrhythmia is the main cardiovascular change observed
during the last 40 days of gestation and in normal parturition,
which shows the importance of understanding physio-
logical events in bitches to identify cardiac abnormalities,10

especially during dystocia, which requires anesthesia and
surgery.

Dystocia is the difficulty or the inability to expel a fetus
through the birth canal, which may have maternal causes, fetal
causes, or a combination of both.11 In bitches, dystocia is a
common problem, although the changes related to cardiac func-
tion and electrolyte, biochemical, hormonal, and blood parameters
during parturition are not fully known to establish an appropriate
treatment. In view of this, the aim of this study was to describe
hormones (progesterone, triiodothyronine, and thyroxine), elec-
trolytes (ionized calcium, sodium, potassium chloride, and carbon
dioxide), hematological changes (hematocrit, hemoglobin,
urea, creatinine, and glucose), and electrocardiographic changes
from bitches in eutocia and dystocia, during prodrome and
postpartum.
Materials and Methods

The study was conducted in accordance with the ethical
principles recommended by Science of the Brazilian Society of
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Laboratory Animals and the Brazilian College of Animal Exper-
imentation (SBCLA/COBEA) and was approved by the Ethics
Committee on Institutional Animal Use under protocol no.
07/2012-CEUA.

Bitches of 28 different breeds (Poodle, Pinscher, Lhasa-Apso,
Spitz, West Corgi, Shih Tzu, Samoyed, and crossbreed), nulliparous
or pluriparous, aged between 2 and 5 years and weighing between
2 and 24 kg were used. The bitches were separated into 2 groups, a
dystocia group (n ¼ 22) and eutocia group (n ¼ 6). The criterion
to form the groups were the owner did not provide medication
during pregnancy or parturition, unless the team's has indicated.

All female dogs of eutocia group were evaluated by ultrasound
approximately 25 days after mating to diagnose pregnancy. The
pregnant bitches were monitored weekly to assess the clinical and
behavioral parameters (data not shown). In the last week of
pregnancy (�57 days), the bitches were evaluated every other
day, by clinical, behavioral, and ultrasound examination to check
the fetal viability (data not shown). In addition, the owners were
contacted daily by phone to ask about behavior change (anxiety,
apprehension, appetite reduction, nesting behavior, seek seclu-
sion, and gasping). Onset of parturition was stablised with the
reduction or absence of appetite, nesting behavior, rectal temper-
ature decline, shivering, apprehension, seek seclusion, gasping and
lochial vulvar greenish black discharge, associated with abdominal
straining. The bitches of this group were followed in the owner's
home during parturition without any obstetrical intervention.
Eutocia group was composed by bitches demonstrating abdominal
straining, fetal expulsion and interval between the puppies birth
o120 minutes. Fetal expulsion was followed by abdominal pal-
pation of the uterus to confirm presence or absence of the fetus.

The bitches of the dystocia group were selected from care unit
of veterinary hospital based on an absence of abdominal contrac-
tions, clear signs of an expulsion phase and rupture of fetal
membranes without expulsion of the fetus, fetal dystocia, fetal
distress (heart rate o150 bpm in ultrasound examination), or
fetal maceration or all of these, and a maximum interval of 12-16
hours between the birth of the last fetus until diagnosis. In all
female dogs from this group, the treatment was cesarean section.
Fetal distress was considered, when the HR of the puppies in
ultrasound examination was less than 150 bpm.4

Analyses were performed at 2 time points, M1—approximately
1 hour before parturition (gasping and abdominal straining) in the
eutocia group and 1 hour before cesarean section in the dystocia
group, and M2—1 hour postexpulsion of all fetuses and 1 hour
postanesthetic recovery in bitches of the eutocia and dystocia
group, respectively.

For cesarean section, bitches were anesthetized with propofol
intravenously to induce loss of the laryngotracheal reflex. Epidural
infusion (1.0 mL/5 kg 2% lidocaine with 0.1 mg/kg morphine) was
performed, and anesthesia was maintained with isoflurane diluted
in 100% oxygen in a valve circle anesthetic circuit.

The electrocardiographic pattern was monitored with standard
bipolar leads using the frontal plane, with conscious dogs being
placed in right lateral recumbency and with the fore and hind
limbs placed at right angles to the long axis of the body. The
electrodes were attached to the forelegs (in the anterolateral skin
fold situated immediately above the olecranon process; a red
electrode was placed on the right leg and a yellow electrode was
placed on the left leg) and the hind legs (in the skin fold at knee
level; a green electrode on the left leg and a black electrode on the
right leg).12 The recording was performed using a 12-channel
electrocardiograph (ECG module on the Computer Module ECG-PC
TEB; Tecnologia Eletrônica Brasileira, São Paulo, Brazil), which was
directly connected to an automatic microcomputer. A 50 mm/s
paper speed was used, with a calibration of 10 mm/mV (1 mv ¼
1 cm). All readings were obtained simultaneously to reduce the
length of time that the dogs were restrained. The following
parameters were analyzed in all leads: P and T waves; QRS
complex; and the PR, QT, and RR intervals to measure amplitude
(mv) and duration (seconds). The morphology, HR, cardiac
rhythms, and polarity of the T wave were assessed. The mean
electrical axis was calculated by using leads I and III, based on the
method described by Tilley.12

After cardiac evaluation, the bitches were kept in lateral
recumbency and blood samples were collected from the jugular
vein. An aliquot (2.5 mL) was used to determine hematological
(Hct ¼ hematocrit [%] and Hb ¼ hemoglobin [g/dL]), biochemical
(Gluc ¼ glucose [mg/dL], urea [mg/dL], and Creat ¼ creatinine
[mg/dL]), hemogasometric (serum total carbon dioxide [TCO2,

mmol/L]) and electrolytic parameters (sodium [Naþ , mmol/L],
potassium [Kþ , mmol/L], chloride [Cl� , mEq/L], and ionized calcium
[iCa, mmol/L]) in a portable analyzer (i-STAT ABBOTT, TX). The
remainder of the blood was centrifuged (1,000� g/10 minutes) to
obtain plasma.

The determination of hormone levels was performed by radio-
immunoassay for progesterone (P4, DPC—Diagnostic Products
Corporation, Bergenfield, NJ), triiodothyronine (total T3, DPC—
Diagnostic Products Corporation, Bergenfield, NJ), and thyroxine
(total T4, DPC—Diagnostic Products Corporation, Bergenfield, NJ) at
the endocrinology laboratory. The concentrations were deter-
mined by a gamma counter (Gamma Count, Perkin Elmer, Wal-
tham, MA).

The dependent variables, with repeated measures on the time
and clinical evaluation (TºC and f), cardiac (RR, Ps, RmV, Ts, PmV,
P-R, QRSs, and axis), hematological (Hct and Hb), biochemical
(Glic, urea, and Creat), hemogasometric (TCO2) and electrolytic
parameters (Naþ , Kþ , Cl� , and iCa), and hormone levels (P4, total
T3, and total T4) were analyzed by analysis of variance using the
PROC MIXED of SAS (SAS Inst. Inc., Cary, NC). Sources of variation
in the model included parturition (dystocia and eutocia), time (M1
and M2), and first order interactions; however, all effects were
considered fixed effects. The animals were considered a random
effect. When the probability of the difference between parturition,
time, and first order interactions was significant, means were
separated using the difference between the minimum frames.
Data were presented as the means of least squares and standard
errors. In the absence of significant interactions, only the main
effects were presented. For all analyses, a significance level of 5%
was adopted.
Results

In dystocia group was predominant bitches weighing o4 kg
(46%), followed by between 5 and 10 kg (27%) and more than 10 kg
(27%), whereas the eutocia group prevailed both female dogs
weighing between 5 and 10 kg or more than 10 kg (33% both
weights), followed by smaller bitches with o4 kg (17%).

Most female dogs with eutocia or dystocia were primiparous
(50% in both groups), followed by the second parity (33% and 32%),
and third or more parities (17% and 18%), respectively. Mean 7
standard error of litter size of eutocia (total 54 puppies) and
dystocia group (total 33 puppies) was 5.50 7 0.72 and 2.84 7
0.31 puppies, respectively. We recorded 9.1% (3/33) and 7.4%
(4/54) of stillborn, respectively, in eutocia and dystocia group,
considering the total puppies born in each group.

Mean and standard error of clinical, electrocardiographic,
hematological, biochemical, hemogasometric, electrolytic param-
eters, and hormonal concentrations were presented in Tables 1-4.

In the bitches with eutocia, we observed the same percentage
of sinus arrhythmia and tachycardia in M1 (50.0%), with a
predominance of sinus arrhythmia in M2 (66.7%). However, in



Table 1
Mean 7 Standard Error of Clinical (T [1C] and f) and Electrocardiographic Parameters (RR, Ps, PmV, P-R, QRSs, RmV, P-T, and Axis) in Bitches With Dystocia or Eutocia at
2 Time Points (M1 and M2)

Parameter Parturition Type Time Point

Dystocia Eutocia P* M1 M2 P*

T (ºC) 36.8 7 0.14 36.8 7 0.27 0.79 36.8 7 0.20 36.8 7 0.20 0.86
f (bpm) 53.4 7 3.0 59.9 7 5.8 0.33 60.8 7 4.7 52.5 7 4.7 0.22
RR (bpm) 150.6 7 4.1 170.5 7 7.7 0.03 166.8 7 5.1 154.3 7 5.1 0.02
Ps (seg) 0.041 7 0.001 0.038 7 0.003 0.36 0.042 7 0.002 0.037 7 0.002 0.23
RmV (mV) 0.981 7 0.05 0.910 7 0.11 0.57 0.932 7 0.07 0.960 7 0.07 0.59
Ts (seg) 0.050 7 0.003 0.052 7 0.007 0.83 0.052 7 0.004 0.051 7 0.004 0.89
PmV (mV) 0.225 7 0.01 0.213 7 0.02 0.68 0.246 7 0.01a 0.192 7 0.01b 0.03
P-R (s) 0.073 7 0.003 0.067 7 0.006 0.40 0.073 7 0.004 0.067 7 0.004 0.27
QRSs (s) 0.070 7 0.01 0.050 7 0.02 0.42 0.066 7 0.01 0.054 7 0.01 0.64
Axis (deg.) 54.1 7 4.3 54.2 7 8.3 0.99 52.2 7 4.9 56.0 7 4.9 0.18

n Significant difference P o .05.
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dogs with dystocia, sinus rhythm was predominant in both time
points (M1 ¼ 45.5% and M2 ¼ 59.1%).

All bitches had decreased hemoglobin concentrations and
hematocrit percentages in both time points (Table 2), considering
the normal values of the species. The serum creatinine concen-
trations were within the normal range of the species.

Discussion

Dystocia was prevalent in miniature and small breeds, as
described by Münnich and Küchenmeister.13 The association
between primiparous and small breeds may have contributed to
dystocia, as this group was composed specially by small breeds
and 50% primiparous. Despite this, the female dogs were younger,
in which the dystocia incidence is smaller than the primaparous of
older age.13 Moreover, around 50% of bitches of eutocia group
were also primiparous, though the most were large breeds. Litter
size was lower in dystocia group, probably because it was
composed for most of miniature and small breeds.

Single pup syndrome is considered one of main factors that
inhibit the onset of parturition in bitches, which is more common
in older dogs.14 In this syndrome, the parturition is not started
owing to lack of adequate stimulus promoted by the release of
fetal cortisol, resulting in failure of luteolysis.15 In this study, we
did not verify the syndrome, although the smaller litter size were
more frequent in dystocia group and all bitches started the
parturition, even those with only single fetus (n¼4). However,
the female dogs of this group (dystocia) were young and from
small breeds, which justifies a smaller litter size.

The increased HR during parturition in the eutocia group has
been mentioned by Gabas et al.16 In our study, the HR values in
Table 2
Mean 7 Standard Error of Hematological (Hct and Hb), Biochemical (Glic, Creat, and U

Parameter Parturition Type

Dystocia Eutocia P

Hct (%) 28.1 7 0.9 33.8 7 1.8 0
Hb (mg/dL) 9.8 7 0.3 11.5 7 0.5 0
Glic (mg/dL) 125.0 7 7.5 104.9 7 14.4 0
Urea (mg/dL) 16.9 7 1.9 14.6 7 3.7 0
Creat (mg/dL) 0.54 7 0.05 0.77 7 0.09 0
TCO2 (mMol/L) 18.8 7 0.4 18.0 7 0.5 0
Naþ (mMol/L) 142.3 7 0.7 144.8 7 1.4 0
Kþ (mMol/L) 3.9 7 0.1 3.8 7 0.1 0
Cl� (mEq/L) 114.8 7 0.8 116.6 7 1.6 0
iCa (mMol/L) 3.9 7 0.16 4.4 7 0.31 0

n Significant difference P o .05.
eutocia or dystocia were above the normal range for the species.
These results can be explained by adaptive changes during
pregnancy in the cardiovascular system, increased uterine perfu-
sion, and increased cardiac output and blood volume, which are
related to the synthesis and secretion of thyroid hormones.17

Moreover, failure of maternal cardiovascular adaptation during
pregnancy may promote an increase in cardiac output and
decreased fetal perfusion.18 In pregnant bitches with systemic
diseases, decreased HR predisposes to abortion or perinatal
death.19 However, in bitches undergoing cesarean section in the
dystocia group, decreasing HR was associated with anesthesia in
M2, in accordance with Fantoni et al.20 The increased HR in the
eutocia group can be explained by the parturition stage because
the bitches in the eutocia group were in stage II (fetal expulsion),
whereas the dystocia bitches had not reached stage II or had
already passed this stage.

According to our knowledge, there is no information concern-
ing the alterations of P wave amplitude during the pregnancy or
parturition of bitches. Nevertheless, the higher P wave amplitude
in M1 found in our study can be related to right atrial enlarge-
ment, caused by dilation or hypertrophy, wherein there is a longer
distance for the pulse to travel between the sinus and atrioven-
tricular node.21 In contrast, Blanco and Batista10 reported a
decrease in the amplitude of the P wave in pregnant bitches or
in dystocia that correlated with electrolytic changes from
pregnancy.

The predominant rhythm was sinus arrhythmia in the eutocia
group and sinus rhythm in the dystocia group, which is in
disagreement with Lucio22 that he observed sinus arrhythmia in
both groups. Sinus arrhythmia in the electrocardiographic tracing
is considered physiologic. During inspiration there is decreased
rea), Hemogasometric (TCO2), and Electrolytic Parameters (Naþ , Kþ , Cl� , and iCa)

Moment

* M1 M2 P*

.01 33.9 7 1.3 28.0 7 1.3 0.001

.01 11.5 7 0.3 9.7 7 0.3 0.0002

.22 109.8 7 10.7 120.1 7 10.7 0.46

.58 15.5 7 2.1 16.0 7 2.1 0.52

.04 0.77 7 0.06 0.55 7 0.06 0.01

.41 17.8 7 0.7 19.0 7 0.7 0.05

.15 143.9 7 0.8 143.2 7 0.8 0.27

.90 3.9 7 0.1 3.8 7 0.1 0.24

.31 115.9 7 0.9 115.5 7 0.9 0.62

.12 4.1 7 0.2 4.2 7 0.2 0.66



Table 3
Mean 7 Standard Error of Total T3 and P4

Parameter Parturition Type Time Point

Dystocia Eutocia P* M1 M2 P*

Total T3 (ng/dL) 82.7 7 5.0 88.7 7 9.6 0.58 95.1 7 6.1 76.3 7 6.0 0.001
P4 (ng/mL) 11.6 7 0.5 6.4 7 1.0 0.0005 9.5 7 0.8 8.5 7 0.8 0.38

n Significant difference P o .05.
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vagal tone, which results in a reduction of the P-P interval,
whereas during expiration there is an extension of this interval.23

During pregnancy, the increase in uterine volume promotes the
reduction of lung expansion, resulting in compensatory tachypnea
owing to a smaller area of pulmonary exchange. This physiological
mechanism favors the emergence of the arrhythmias observed in
our study.

In both groups, the bitches had a relatively decreased hemo-
globin concentration (hemoglobin: 10-11 g/dL) or mild anemia
(hemoglobin: 8-10 g/dL)24 with a low hematocrit (between 29%
and 35%), which is compatible with the anemic profile described
during pregnancy in these species.3 Nevertheless, the hematocrit
percentage and hemoglobin concentration were higher in the
group dystocia, which has not been described by other authors.
Only Chaudhari and Mshelia25 described hemoglobin concentra-
tions in bitches at some stages of the estrous cycle, including
pregnancy, but found no significant difference. The hematological
alterations found in our study suggest hemodilution owing to
increased blood volume, which accompanies the increased weight
gain (20%-55% weight gain) during pregnancy.26 Regarding the
differences between time points, in M1 these parameters were
higher, which can be explained by the relationship between the
reduction of blood flow and the rapid uterine involution immedi-
ately after birth.27

Although serum creatinine values varied between groups and
time points, the observed concentrations were within the normal
range for the species,28 and the findings can be justified by
parturition, which predisposes to biochemical changes in view of
the stress caused by pain (uterine and abdominal contractions),
fetal corticosteroid secretions, and the lower circulating blood
volume, which was transferred to the uterine compartment.26

The electrolytic variables were not influenced by the parturi-
tion type or time point evaluated, but TCO2 concentrations were
higher in M2 in both groups. These findings are contrary to those
observed by Gabas et al,16 which found no increase in TCO2 in
bitches postcesarean section. Our findings were expected owing to
decreasing arterial blood pH and decreased respiratory rate during
pregnancy. Additionally, during pregnancy significant physiolog-
ical changes occur in respiratory function, predisposing the bitch
to an increased sensitivity of the respiratory center to the partial
pressure of arterial blood TCO2.29

Regarding hormonal concentrations, increased fetal cortisol
predisposes to increased maternal cortisol, leading to the con-
Table 4
Mean 7 Standard Error of Total T4 (mg/dL)

Parturition Type Time Point

M1 M2

Dystocia 4.6 7 0.3aA 3.7 7 0.3bB

Eutocia 4.0 7 0.6aA 5.2 7 0.6aB

Different lower case letters (a,b) in the same row (M1 versus M2) and upper case
letters (A,B) in the same column (Dystocia versus Eutocia) indicate a significant
difference (P o0.05).
version of progesterone into estrogens. Estrogen is involved in
prostaglandin synthesis, which induces myometrial contraction. In
dystocia, the increase of progesterone is related to fetal death,
which can interfere with prostaglandin synthesis, justifying dys-
tocia.30 In our study, we did not assess prostaglandin metabolites
and estrogen concentrations, but a higher progesterone concen-
tration was observed in bitches that had cesarean section, which
could be the reason for dystocia,31 although the primary inertia
can occur without failure of luteolysis.32

We found increased total T3 in M1 in bitches with eutocia or
dystocia and increased total T4 concentrations in the dystocia
group, which have been described in women before parturition.33

Higher concentrations of both total T3 and T4 during normal
pregnancies were associated with increased thyroglobulin induced
by increased estrogen levels.34 Thus, in dystocia, it is possible that
there was an increase in estrogen concentrations; however, the
concentrations were not sufficient to complete the delivery. In
dystocia group, relationship between the parturition difficulty and
changes in thyroid hormones could be associated with the
euthyroid sick syndrome, or the use of some drugs. Furthermore,
diseases that can weaken the patient may lead to a decrease in
circulating levels of thyroid hormones, without this being hypo-
thyroidism (reviewed in Ref. 35). We can affirm that the female
dogs in dystocia were not treated with drugs that alter the
endocrine tests, as sulfa drugs, glucocorticoids, nonsteroidal anti-
inflammatory, clomipramine or phenobarbital.36 In addition,
female dogs had no history of medical conditions during
pregnancy.

We conclude that the prepartum increase in HR in bitches with
eutocia or dystocia is correlated with fetal and maternal stress,
which results from changes in thyroid hormones. In addition,
higher concentrations of progesterone during parturition are
directly involved in dystocia. The hematological and biochemical
changes observed during pregnancy return to normal after deliv-
ery. Monitoring these and other cardiovascular parameters may be
a complementary tool for the establishment of normal pregnancy
and the prevention of dystocia. Furthermore, when bitches require
cesarean section, it is important to know the physiological
parameters of dystocia because there is a greater surgical or
anesthetic risk during cesarean section.
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