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Effects of  dystocia on blood gas parameters, acid-base balance 
and serum lactate concentration in heavy draft newborn foals
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Dystocia is often lethal for neonatal foals; however, its clinicopathological features remain 
largely unknown. We investigated the effect of dystocia on the foal blood profile. Venous 
blood samples were collected from 35 foals (5 Percheron and 30 crossbreds between 
Percheron, Belgian, and Breton heavy draft horses) at 0 hr, 1 hr, 12 hr and 1 day after 
birth. Dystocia was defined as prolonged labor >30 min with strong fetal traction with or 
without fetal displacement. The dystocia group (n=13) showed lower mean values for pH 
(P<0.01), bicarbonate (P<0.01), total carbon dioxide (P<0.05), and base excess (P<0.01) 
and higher mean values for anion gap (P<0.05) and lactate (P<0.01) immediately after 
birth than the normal group (n=22). Remarkably high pCO2 values (>90 mmHg) were 
observed in three foals in the dystocia group but in none of the foals in the normal birth 
group immediately after birth. These results suggest that dystocia results in lactic acidosis 
and may be related to respiratory distress.
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In equine reproduction, dystocia can occur due to factors 
such as fetal displacement, inadequate size between a dam 
and a fetus, and uterine torsion [4, 17] and may result in 
death of the foal if no assistance is provided [7]. Dystocia 
is more prevalent in heavy draft horses than in light breed 
horses [4, 17]. Dystocia in horses [5] and prolonged labor 
in humans [10] and cattle [14] are associated with neonatal 
acidosis. Prolonged equine labor is associated with fetal 
asphyxia, hypoxia, and a higher risk of foal mortality; thus, 
early recognition and assistance are important in cases of 
dystocia [1, 4]. Stage II of labor (from rupture of the chorio-
allantois to completion of delivery) takes less than 2 hr in 
humans [8] and 2–3 hr in cattle [13]. However, it character-
istically takes only 20–30 min in mares [4]. Therefore, some 
researchers defined dystocia as labor >30 min and reported 

that dystocia according to this definition was associated 
with a higher risk of stillbirth and neonatal morbidity and 
mortality [12, 15]. On the other hand, sick foals have higher 
blood lactate (Lac) concentrations than healthy foals [3, 16], 
and hyperlactatemia is associated with severity of illness 
and death [3]. Reference values for blood gas parameters, 
indexes for the acid-base balance in the whole blood and 
the serum lactate concentration in the newborn foal born 
by normal birth have not been undetermined. Furthermore, 
the negative impact of dystocia on the blood profile has 
remained unknown, particularly in heavy draft horses, 
which have a high incidence of dystocia. The purpose of 
this study was to reveal the blood profile of the foal born 
by normal delivery and to examine the effect of dystocia 
on blood gas parameters, indexes for the acid-base balance 
in the whole blood and the serum lactate concentration in 
heavy draft newborn foals.

Thirty-five foals born between January 2013 and May 
2015 at 3 stud farms (Tokachi, Hokkaido, Japan) were 
included. Their dams were 5 Percherons and 24 cross-
breeds between Percheron, Belgian, and Breton heavy draft 
horses. Six mares gave birth twice during the experimental 
period. The foals included 5 Percherons and 30 crossbreeds 
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between Percheron, Belgian, and Breton heavy draft horses. 
Prepartum dams showing signs of foaling were monitored. 
Foaling events (such as onset of labor pains, rupture of the 
chorioallantois, appearance of the fetal sac, rupture of the 
amnion, and delivery of foals) and the duration of stage 
II were recorded. Cases were excluded from the study if 
foaling occurred in the absence of witnesses or in the case of 
abortion, premature birth, or cesarean section. In this study, 
dystocia was defined as prolonged labor with strong fetal 
traction with or without fetal displacement. If stage II was 
>30 min and labor did not progress, traction was applied to 
the fetus. In the normal group (n=22), stage II labor was <30 
min, with spontaneous or assisted delivery with mild trac-
tion by 1 or 2 persons. In the dystocia group (n=13), stage 
II labor was >30 min [15], with strong traction by more than 
3 persons or mechanical tools with or without correcting 
fetal displacement; in this group, 1 foal died 1 day after 
birth. Background information of both groups is shown in 
Table 1. Blood was collected from the jugular vein of foals 
using plain 5 ml vacuum tubes (Venoject II VP-P050K, 

Terumo Corporation, Tokyo, Japan) and 5 ml vacuum tubes 
containing heparin (Venoject II VP-H050K, Terumo Corpo-
ration) using 38 mm 21G needles (MN-2138MS, Terumo 
Corporation). Sampling times were immediately (0 hr), 1 
hr (before suckling colostrum), 12 hr, and 1 day (24–48 hr) 
after birth. The 0 hr sample was collected within 5 min after 
birth. Blood samples were stored on ice and analyzed within 
2 hr. Heparinized whole blood samples were used for blood 
gas measurements. In each sample, pH, partial pressure of 
carbon dioxide (pCO2), bicarbonate (HCO3

−), total carbon 
dioxide (TCO2), base excess (BE), and anion gap (AG) were 
analyzed using a portable clinical analyzer (i-STAT 300F, 
Fuso Pharmaceutical Industries, Ltd., Osaka, Japan) and 
dedicated cartridges (i-STAT cartridge EC8+, Fuso Phar-
maceutical Industries, Ltd.). Samples in plain tubes were 
incubated (37°C, 90 min) and then centrifuged (12 min, 
1,000 × g). Serum was separated and stored at −30°C until 
assayed. Lac was measured using an automated clinical 
analyzer (TBA120FR, Toshiba Medical Systems Corpora-
tion, Tochigi, Japan). The sequence of postnatal blood data 

Table 1. Background information of the normal birth and dystocia groups

Normal birth (n=22) Dystocia (n=13)
Duration of stage II of labor (min, mean ± SD) 21.2 ± 5.7 45.7 ± 16.4
Gestation length (days, mean ± SD) 336.2 ± 5.3 340.4 ± 6.9
Age of mare (years, mean ± SD) 10.4 ± 4.5 8.5 ± 4.7
Parity of mare (mean ± SD) 5.1 ± 3.7 3.2 ± 2.9
Breed of dam (n)

Percheron 5 2
Crossbreed 17 11

Breed of foal (n)
Percheron 3 2
Crossbreed 19 11

Foal’s gender (n)
Colt 12 5
Filly 10 8

Year foaled (n)
2013 7 6
2014 10 3
2015 5 4

Month foaled (n)
January 1 1
February 1 2
March 8 4
April 6 3
May 6 3

Time foaled (n)
Night (18:00−5:59) 18 9
Daytime (6:00−17:59) 4 4

Farm (n)
A 2 2
B 10 5
C 10 6
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was analyzed by repeated measures analysis of variance 
(ANOVA). Significant differences between the two groups 
for each sampling period were determined using Student’s 
or Welch’s t-test. Results with a P-value <0.05 were consid-
ered significant, and those with P<0.1 were considered to 
have a tendency. The statistical analyses were conducted 
using Statcel3 (OMS Ltd., Saitama, Japan).

Results for blood parameters are shown in Table 2. 
ANOVA revealed statistical main effects by group or inter-
action in pH, HCO3

−, TCO2, BE, AG, and Lac. The t-tests 
revealed that the dystocia group showed significantly lower 
pH (0 hr), HCO3

− (0 hr), BE (0 hr, 1 hr), and TCO2 (0 hr) 
and higher AG (0 hr, 12 hr) and Lac (0 hr) than the normal 
group. Although there was no significant difference in mean 
values of pCO2 between the both groups, remarkably high 
pCO2 values, with the values being more than 90 mmHg, 
were observed in three foals in the dystocia group but in 
none of the foals in the normal birth group immediately 
after birth.

In the dystocia group, the low pH, HCO3
− and TCO2, 

and high BE indicated metabolic acidosis, and the high Lac 
and AG confirmed that it was lactic acidosis [2], thereby 
indicating that dystocia caused metabolic (lactic) acidosis in 
the foals immediately after birth. In both human and equine 
dystocia [6, 18], compression of the fetus and premature 

placental separation interferes with fetal and placental perfu-
sion and results in hypoxia. This condition cause anaerobic 
metabolism and an increase in accumulated Lac [9]. In this 
study, foals in the dystocia group were likely exposed to 
these conditions. It has been reported that hyperlactatemia is 
present in sick foals and increases morbidity [3, 16], which, 
as indicated by this study, may be caused by dystocia. 
Strategies for preventing foals from overproducing Lac or 
developing acidosis are important to maintain their health. 
In metabolic acidosis with hyperlactatemia following hypo-
perfusion and hypoxemia, the goal of therapy is correction 
of the pathogenesis, and fluid therapy (e.g., acetated fluids) 
is recommended [11]. This treatment in the early stage might 
be useful for lactic acidosis. Remarkably high pCO2 values 
(more than 90 mmHg) were observed in three foals in the 
dystocia group immediately after birth. Reduced placental 
perfusion might interfere with placental gas exchange. 
Decreased pulmonary perfusion results in atelectasis [5], 
which may increase carbon dioxide. In this study, lactic 
acidosis, and possibly respiratory distress in foals of the 
dystocia group, may have been caused by this decreased 
feto-placental perfusion and hypoxia. Statistical differences 
between groups had disappeared before 1 day. The reason 
for this is unclear; it might have resulted from the fact that 
most of the cases of dystocia examined in this study were 

Table 2. Results for blood pH, partial pressure of carbon dioxide (pCO2), bicarbonate (HCO3
−), total carbon dioxide (TCO2), base 

excess (BE), anion gap (AG), and serum lactate (Lac) concentrations in newborn heavy draft foals within 1 day after birth

Time after birth Repeated measures ANOVA
0 hr 1 hr 12 hr 1 day Group Time Interaction

pH
Normal birth 7.25 ± 0.05 ** 7.37 ± 0.03 † 7.38 ± 0.05 7.40 ± 0.04 * ** **Dystocia 7.18 ± 0.07 7.33 ± 0.08 7.39 ± 0.05 7.40 ± 0.04

pCO2 (mmHg)
Normal birth 70.7 ± 6.9 55.9 ± 5.9 50.8 ± 5.3 51.1 ± 3.1 NS * NSDystocia 76.9 ± 14.8 57.7 ± 9.7 50.8 ± 5.3 51.4 ± 5.6

HCO3
− (mmol/l)
Normal birth 30.8 ± 1.9 ** 32.4 ± 2.9 † 29.8 ± 3.2 31.4 ± 2.7 NS ** **Dystocia 28.4 ± 2.9 30.4 ± 3.3 30.7 ± 1.7 32.0 ± 2.3

TCO2 (mmol/l)
Normal birth 32.9 ± 2.0 * 34.1 ± 3.0 † 31.7 ± 2.5 32.9 ± 2.7 NS ** **Dystocia 30.6 ± 3.4 32.0 ± 3.5 32.2 ± 1.8 33.5 ± 2.4

Base excess (mmol/l)
Normal birth 3.6 ± 2.4 ** 7.3 ± 3.0 * 5.1 ± 2.8 6.6 ± 3.2 NS ** **Dystocia 0.1 ± 2.7 4.6 ± 4.0 5.6 ± 1.9 7.4 ± 2.4

Anion gap (mmol/l)
Normal birth 12.7 ± 2.0 * 10.5 ± 3.1 10.8 ± 1.3 * 9.7 ± 2.1 * ** NSDystocia 14.2 ± 2.1 12.2 ± 2.6 12.1 ± 2.1 9.3 ± 1.6

Lactate (mg/dl)
Normal birth 75.8 ± 15.7

**
47.0 ± 9.0 † 50.0 ± 16.2 † 37.7 ± 13.6

** ** **Dystocia 103.6 ± 20.9 67.8 ± 34.4 60.5 ± 18.2 41.9 ± 10.7

Normal birth group (n=22). Dystocia group (n=13). Data are shown as the mean ± standard deviation. Statistical significance is denoted by 
asterisks (*P<0.05; **P<0.01). Statistical tendency is denoted by daggers (†P<0.1).
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moderate cases and the fact that the mortality rate was very 
low in the dystocia group (only one case). Investigation of 
more severe cases of dystocia will be necessary in a future 
study.

This study revealed some blood parameters of neonatal 
foals born by normal delivery and the negative impact of 
dystocia on blood gas parameters, indexes for acid-base 
balance in the whole blood and the serum lactate concen-
tration in heavy draft newborn foals. We hope that these 
fundamental data will contribute to the development of 
equine neonatology in the future.
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