
Introduction 

Intrapartum related neonatal deaths may account
for approximately 10% of deaths in children aged be-
low 5 years (1). Intrapartum asphyxia may occur in 26
out of 1,000 live births of term pregnancies and in 73
of 1,000 live births of preterm deliveries (2); 15% and
48% of them had moderate to severe asphyxia, respec-
tively. The link between fetal asphyxia and brain da-
mage has been extensively established (2). For future

development of neuroprotective strategies, animal
models may help in better understanding the complex
interaction between biochemical and metabolic altera-
tions produced at birth and their negative impact in
brain function. In pigs, intrapartum stillbirths are pre-
dominantly a result of fetal asphyxia (3-5). In a pre-
vious study, Herpin et al. (6) did a thorough evaluation
of changes in umbilical cord blood gases as surrogated
markers of intrapartum asphyxia at birth in piglets and
correlated the changes with early postnatal viability.
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As expected, the authors found that piglets suffering
from asphyxia during delivery were less viable at birth
and less prone to adapt to extrauterine life. However,
the authors excluded the data obtained from stillbirth
piglets from the analysis. The present study was desi-
gned to extend the evaluation on the relationship
between gross neurological dysfunction and the clini-
cal characteristics and metabolic disturbances in pi-
glets born by spontaneous parturition to multiparous
sows. Our results would help to gain attention to pi-
glets born by spontaneous parturition under uncon-
trolled conditions as a naturalistic model for the study
of intrapartum asphyxia.

Methods

Ethical approval for the study was obtained from
the Universidad Autónoma Metropolitana-Xochimilco,
México DF, Mexico. The study was performed in a
commercial swine farm, located in the State of Mexico,
in accordance with the guidelines of the ethical use of
animals in applied ethologic studies described elsewhe-
re (7).

Animals and neonatal evaluations

All piglets born to 20 hybrid Yorkshire-Landrace
created sows were included in the study. The sows we-
re in their 2nd to 5th pregnancy and weighted from
172 to 284 kg at term. Parturition was not induced,
and piglets were not assisted at birth although sows
and offspring were closely monitored for the purpose
of the study. There was no manipulation to the sows.
The number of live-born, meconium-stained and in-
trapartum-dead piglets was obtained. Fetal deaths we-
re classified as antepartum (type I) or intrapartum (ty-
pe II) deaths, according with the criteria previously
described in detail elsewhere (8, 9). Briefly, type I, or
antepartum stillbirths, had a rather characteristic ede-
matous and hemorrhagic appearance, some had a
grayish- brown discoloration due to the initial stages
of mummification, and if the process was more advan-
ced the fetuses were dehydrated and started to lose
hair. Type II or intrapartum stillbirths had the exact
appearance of their normal littermates with the excep-

tion that they did not breathe. Immediately after
birth, temperature was obtained by means of a tympa-
nic membrane thermometer (ThermoScan Braun
GMBH, Kronberg, Germany) and piglets were wei-
ghted in a digital bascule (Salter WeightTronix Ltd.,
West Bromwich, United Kingdom). Within the first
minute after birth and with the piglets still in apnea, a
single 1-ml blood sample was obtained from the caval
vein by anterior neck puncture using a syringe contai-
ning lithium heparin. In our experience, the blood
sampling took approximately 20-30 seconds. Hema-
tocrite (%), glucose (mg/dL), serum electrolytes [Na+,
K+ and Ca2+ (mmol/L)] and blood lactate (mg/dL) le-
vels, oxygen saturation [SaO2 (%)], and partial pressu-
re of carbon dioxide [PaCO2 (mm Hg)] and oxygen
[PaO2 (mm Hg)], were obtained by means of an auto-
matic blood gas and electrolyte analyzer (GEM Pre-
mier 3000, Instrumentation Laboratory Diagnostics
S.A. de C.V. México).

The piglets’ viability was scored according to the
modified version of a scale previously described by
Mota-Rojas et al. (5). Briefly, heart rates were classi-
fied in categories as less than 110, between 111 and
160, or more than 161 beats per min; time interval
between birth and first breath as more than 1 min,
between 16 sec and 59 sec, or less than 15 sec; muzz-
le skin color  as pale, cyanotic, or pink; time interval
between birth and first stand as more than 5 min,
between 1 and 5 min, or  less than 1 min; and the skin
stain with meconium as severe, mild, or absent. Each
category was rated from 0 (the worst) to 2 (the best),
and an overall score of 0 to 10 points was obtained in
each piglet.

The heart rate was obtained using a stethoscope
by one of the investigators. The first breath was con-
sidered when thoracic movements were noticed for
the first time after birth followed by air exhalation
from the piglet’s muzzle. Meconium stains were clas-
sified as severe when more than 40% of the piglet’s
body surface was stained and as mild when the stained
surface was 40% or less. In addition to the viability
scale, the latency to contact the udder was also recor-
ded. Since piglets were manipulated by investigators
in order to obtain a blood sample and tympanic mem-
brane temperature, both the time to stand and the la-
tency to contact the udder were registered starting
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when the piglets were returned to their mothers, close
to the vulva, and finishing when the animals reached
the stand position supported by their four legs or rea-
ched the udder for the first time, respectively.

Data analysis 

Weight, temperature, glucose, electrolytes, and
blood gases were summarized as mean ± SD. Since
pH blood levels correspond to log units, these data
were summarized as medians (ranges). Piglets were al-
located into 3 different groups. Intrapartum-dead pi-
glets were included in group 1. Piglets born with evi-
dence of moderate-to-severe intrapartum hypoxia in-
cluding an edematous or ruptured umbilical cord and
meconium stain in more than 40% of the body surfa-
ce were included in group 2. Finally, piglets born with
minor or no evidence of intrapartum hypoxia inclu-
ding meconium stain in 40% or less of the body surfa-
ce and normal or adhered umbilical cord were inclu-
ded in group 3. Study data were compared among the
3 groups by means of an Analysis of Variance fol-
lowed, if applicable, by a Tukey test for comparison of
pairs of groups. For comparisons of pH blood values at
birth among the 3 groups, a Kruskal-Wallis test was
performed and followed, if applicable, by a Mann-
Whitney U test for comparison of pairs of groups. As
naturally expected, some of the parameters (e.g. viabi-
lity scores) were not measured in Group 1. In such ca-
ses, comparisons between Groups 2 and 3 were
performed by an unpaired Student t test.

In addition, a set of linear regression analyses was
performed between viability scores as a dependent va-
riable and either tympanic membrane temperature,
birth weight or each of the electrolyte or blood gas pa-
rameters as the independent variable. Viability scores
were entered as a numeric variable in the analysis as-
suming that in live-born piglets the intervals between
0 and 10 are equal due to the continuous nature of the
concept being measured. A similar process was perfor-
med with latency to contact the udder as the depen-
dent variable.

Once the independent variables significantly cor-
related to either viability scores or latency to first ud-
der contact were identified, a multiple linear regres-
sion analysis was performed. The colinearity among

independent variables was tested by the Variance In-
flation Factor (VIF) that measured the “inflation” of
the standard error of each regression parameter (coef-
ficient) for an independent variable due to redundant
information in other independent variables. If the va-
riance inflation factor was less than 4, it was conside-
red to have no redundant information in the other in-
dependent variables.

Statistical analyses were performed by SigmaStat
for Windows v. 3.5 (Systat Software Inc., San Jose,
California, United States of America) by one of the
investigators ignoring the data allocation group. The
limit of significance was fixed to a two-sided P < 0.05.

Results 

Two hundred and thirty piglets were born to the
20 sows included in the study. Out of them, 8.3% (n =
19) died intrapartum, 21.7% (n = 50) born with mo-
derate-to-severe intrapartum hypoxia, and 70% (n =
161) were born minor or no evidence of intrapartum
distress. All the piglets were successfully sampled and
had the study evaluations completed. Piglets born mi-
nor or no any evidence of intrapartum asphyxia wei-
ghted approximately 240 g less than those born with
hypoxia or dead (P <0.0001) (Table 1). Body tempera-
ture in the intrapartum-dead piglets was on average
0.4oC to 0.7oC lower than in the other two groups.
Viability scores were moderate-to-severe approxima-
tely 3 units lower in the piglets surviving intrapartum
hypoxia than in control piglets. Latency to first udder
contact was two times longer in the piglets with intra-
partum asphyxia than in controls (P <0.0001). Gluco-
se blood levels were approximately 2.5 times higher in
intrapartum-dead piglets than in the other two grou-
ps (Table 1). Sodium serum levels were modestly but
significantly higher in the former group. Potassium
serum levels were 9.9 ± 1.3 in dead piglets, 6.4 ± 0.8
in piglets surviving moderate-to-severe intrapartum
asphyxia, and 6.6 ± 0.7 in the controls (P <0.0001), re-
spectively; calcium plasma levels followed a similar
pattern. As expected, in comparison to controls, intra-
partum-dead piglets had evidence of severe metabolic
acidosis followed by the group of piglets surviving
moderate-to-severe intrapartum asphyxia (P =0.002;
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ANOVA). The linear regression analyses identified
that lactate and PaCO2 blood levels were highly corre-
lated with the viability scores at birth. The pH, birth
weight, Ca2+, PaO2, and, although less evident but still

significant, the tympanic membrane temperature and
blood bicarbonate levels also correlated with the viabi-
lity scores at birth (Table 2). In the multiple linear re-
gression analysis, the PaCO2, lactate blood levels and

Table 1. Clinical and laboratory parameters in newborn piglets born with different degrees of intrapartum asphyxia 

Group 1 Group 2 Group 3 P value
(n = 19) (n = 50) (n = 161)

Sex [M:F (%)] 9:10 (47.4%:52.6%) 27:23 (54%:46%) 87:74 (54%:46%) x2 = 0.31, P = 0.86
Birth weight (g) 1,565.5 ± 77.7 1,578.4 ± 177.8 1,322 ± 208a,b < 0.0001 
Temperature (oC) 36.9 ± 0.5 37.3 ± 0.8 37.6 ± 0.7a,b < 0.0001 
Viability score -- 5.4 ± 0.7 8.7 ± 0.8 < 0.0001 
Latency to first udder contact (min) -- 53.7 ±7.2 25.7 ± 7.6 < 0.0001 
Glucose (mg/dL) 148.6 ± 34.3 66.3 ± 36.5c 62.3 ± 8.9a < 0.0001 
Na+ (mmol/L) 137.9 ± 1.6 134.1 ± 3.0c 135.4 ± 3.7a 0.0003 
K+ (mmol/L) 9.9 ± 1.3 6.4 ± 0.8c 6.6 ± 0.7a < 0.0001 
Ca2+ (mmol/L) 2.2 ± 0.2 1.8 ± 0.1c 1.6 ± 0.1a,b < 0.0001 
pH 6.70 (6.50-6.90) 7.08 (6.87-7.43)c 7.20 (7.00-7.50)a,b < 0.0001* 
PaCO2 (mm/Hg) 150 ± 9.0 85.0 ± 13.9c 52.5 ± 9.3a,b < 0.0001 
PaO2 (mm/Hg) 11.3 ± 2.4 21.2 ± 7.1c 25.9 ± 6.3a,b < 0.0001 
Lactate (mg/dL) 129.7 ± 4.8 86.3 ± 28.4c 35.2 ± 3.8a,b < 0.0001 
Bicarbonate (mmol/L) -- 20.7 ± 2.4 22.0 ± 2.6 0.002 

Group 1: intrapartum death piglets; group 2: piglets surviving severe-to-moderate intrapartum asphyxia; group 3: piglets born with
mild or no evidence of intrapartum asphyxia Comparisons among 3 groups were performed by either chi-squared, ANOVA or *Kru-
skal-Wallis test. Comparison of viability score, latency to first udder contact and bicarbonate levels were performed between grou-
ps 2 and 3 by an unpaired Student t test. Temperature was obtained in the tympanic membrane. Superscript letters a, b and c indi-
cate post-hoc comparisons statistically significant between groups 1 and 3, 2 and 3, and 1 and 2, respectively.

Table 2. Clinical and laboratory variables that significantly correlated with viability score in 230 piglets

Dependent variable (y) Independent variable (x) Linear equation (y = b + mx) R F and P values
b ± SE m ± SE

Viability score Lactate (mg/dL) 10.0 ± 0.1 – 0.04 ± 0.002 -0.74 264.5; < 0.001 
PaCO2 (mm/Hg) 11.7 ± 0.2 – 0.06 ± 0.004 -0.70 196.7; < 0.001 
pH -30.2 ± 5.2 5.3 ± 0.7 0.45 53.2; < 0.001 
Birth weight (g) 11.8 ± 0.6 - 0.002 ± 0.0004 -0.41 42.0; < 0.0001 
Ca2+ (mmol/L) 14.1 ± 1.2 – 3.7 ± 0.7 -0.32 24.0; < 0.001 
PaO2 (mm/Hg) 6.3 ± 0.4 0.06 ± 0.01 0.26 15.7; < 0.001 
Temperature (oC) -4.0 ± 5.6 0.3 ± 0.1 0.15 4.5; 0.03 
Bicarbonate (mmol/L) 5.9 ± 0.9 0.09 ± 0.04 0.14 4.7; 0.03 

Latency to first udder Viability score 84.7 ± 3.2 – 6.6 ± 0.3 -0.75 276.3; < 0.001 
contact Lactate (mg/dL) 14.0 ± 1.4 0.3 ± 0.02 0.71 212.4; < 0.001 

PaCO2 (mm/Hg) 1.0 ± 2.6 0.51 ± 0.04 0.64 146.5; < 0.001 
Birth weight (g) -2.7 ± 5.4 0.02 ± 0.003 0.41 42.5; < 0.001 
pH 339.2 ± 46.9 – 42.6 ± 6.5 -0.41 42.8; < 0.001 
Ca2+ (mmol/L) -28.9 ± 10.9 36.5 ± 6.5 0.36 31.3; < 0.001 
K+ (mmol/L) 61.3 ± 8.9 – 4.4 ± 1.3 -0.21 10.5; 0.001 
PaO2 (mm/Hg) 42.7 ± 3.6 – 0.4 ± 0.1 -0.20 8.8; 0.003 
Bicarbonate (mmol/L) 49.3 ± 8.0 – 0.7 ± 0.3 -0.14 4.5; 0.03 

The independent variables were listed according to the coefficient of correlation (R value). The F and P values shown in the table
are from the Analysis of Variance of the linear regression analysis. The parameters b and m in the linear equation are shown with
their corresponding ± standard errors (SE).
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birth weight were identified as explanatory variables
of viability scores (adjusted r2 = 0.60; P <0.001) (Table
3).

Latency to first udder contact was inversely rela-
ted to viability scores (r= 0.75; P <0.0001), i.e. longer
latency times were observed among piglets with lower
viability scores. It was also importantly correlated with
lactate and PaCO2 blood levels and less evident,
although still significant, with birth weigh, pH, PaO2

and bicarbonate blood levels, and to Ca2+ and K+ se-
rum levels (Table 2). In the multiple linear regression
analysis, viability score, K+ and lactate blood levels, and
birth weight were selected as explanatory variables of
latency to first udder contact (corrected r2= 0.63; P
<0.001) (Table 3).

Discussion 

In this study, an association was found between
certain clinical characteristics as well as electrolyte and
metabolic imbalance at birth and gross neurological
dysfunction in newborn piglets. Hypoxia followed by
respiratory and metabolic acidosis secondary to anae-
robic metabolism essentially describes asphyxia. A re-
cent retrospective study with full-term human neona-
tes suspected of having suffered a significant degree of
intrapartum asphyxia reported that lactate levels ob-
tained from an indwelling arterial catheter within 1
hour after birth were important predictors of
moderate-to-severe hypoxic ischemic encephalopathy
(10). In another retrospective cohort study of 87 hu-
man newborns with pathologic acidosis, an umbilical
artery pH ≤ 6.92 was found to be the threshold linked
with neonatal organ dysfunction (11). A third retro-
spective study showed that babies born with an umbi-

lical artery pH level <7.00 had an increased risk of in-
traventricular hemorrhages and seizures (12). In our
study, intrapartum death piglets had pH blood levels
<6.90. In addition, PaCO2 and lactate blood levels we-
re included as significant predictors of viability in the
piglets, further supporting the current knowledge that
severity of metabolic acidosis secondary to hypoxia is
a good indicator of intrapartum death. Furthermore,
lactate levels and birth weight were positively associa-
ted with latency to first udder contact whereas the via-
bility status at birth and K+ serum levels were negati-
vely associated. A problem with lactate levels is how to
discriminate between the increase of lactate due to py-
ruvate and accelerated glucose metabolism and the
lactate due to hypoxia. Glucose levels were more than
2 times higher in intrapartum-dead piglets than in pi-
glets with mild-to-no intrapartum asphyxia or piglets
with severe asphyxia, whereas the difference between
the means of the two latter groups was of 4 mg/dL. In
contrast, the differences in the lactate levels among
the 3 study groups were 40-45 mg/dL on average. It is
therefore more likely that the differences in lactate le-
vels among the three study groups were secondary to
hypoxia rather than to changes in glucose metabolism.

In the present study, we are reporting the asso-
ciation between functional neurological alterations at
birth and electrolytes and metabolic disturbances in a
large set of piglets born by spontaneous parturition.
This naturalistic model of intrapartum asphyxia may
provide a unique opportunity for studying neurologi-
cal sequels and to test neuroprotective strategies.
However, several aspects of the evaluation and the
model by itself still deserve further studies. Latency
to first udder contact was assumed to reflect complex
neurological functions in the newborn piglets since it
requires the integrity of at least the olfactory, visual

M.E. Trujillo-Ortega, D. Mota-Rojas, A. Olmos-Hernández, et al.

Table 3. Multiple linear regression analysis between clinical and laboratory parameters and functional outcomes at birth in piglets
born by spontaneous parturition 

Dependent variable Multiple linear equation R Adjusted r2 F and P values

Viability score 12.2 - 0.02 PaCO2 (mmol/L) - 0.03 lactate (mg/dL) 0.78 0.60 108.5; <0.001
- 0.001 birth weight (g)

Latency to contact the udder 62.7 - 4.0 viability score - 2.4 K+ + 0.1 lactate + 0.006 0.80 0.63 92.0; <0.001
birth weight

R is the correlation coefficient, and r2 the coefficient of determination obtained in the multiple regression analysis. There was no evi-
dence of colinearity among the parameters included in the multiple equations shown in the table
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and neuromuscular functions to allow for an oriented
search of the maternal teat. Similarly, the viability
scale includes the time to stand which may also be al-
tered if a neurological insult is present. Since these
parameters may not necessarily represent the best
surrogated markers of neurological function in this
experimental animal model, more specific neurologi-
cal evaluations may help to clarify more accurately
the extension of neurological alterations. The lack of
specific parameters for neurological function in the
study probably affected the linear regression analyses,
where the best coefficient of correlation was 0.80
(r2 = 0.64). However, despite such limitations, some
of the coefficients of correlation observed in our
study were higher than those previously reported by
Herpin et al. (6). In addition, we did not evaluate
whether the neurological insult may remain for a
long term, and intrapartum asphyxia may not neces-
sarily be limited to neurological function (13). Our
study did not evaluate any adverse impact of hypoxia
to other organs.

Interestingly, birth weight was inversely related to
the viability score in a significant way. Our findings
support two previous studies showing that birth wei-
ght was positively related to intrapartum hypoxia and
neurological dysfunction at birth in humans despite
the fact that more than 50% of cases were born by ce-
sarean section (14). It is probably due to other mecha-
nisms beside anatomical difficulties for crossing the
birth channel. Larger newborns may have enhanced
requirements of oxygen supply than smaller babies.
Another possibility could be that neurological deve-
lopment is more advanced in larger fetuses and cells
are therefore less tolerant to hypoxia. The results of
the present study, however, contrast with the inverse
correlation between birth weight and the time to first
udder contact previously reported in neonate piglets
surviving intrapartum asphyxia (6), suggesting that
bigger piglets may have better adaptation to extraute-
rine life. These contradictory results deserve further
evaluation to clarify the role of birth weight on the
postnatal adaptation of mammals.

Impaired oxygen delivery or consumption leads to
increased anaerobic glycolysis with terminal conver-
sion of the resulting pyruvate to lactate instead of th-
rough theKrebs cycle of aerobic metabolism. Therefo-

re, although no statistical colinearity between pCO2

and lactate blood levels were found, they are similarly
expressing the severity of acidosis occurring in the hy-
poxic or asphyxiated piglets at birth. It is however very
unlikely that there is any potential relationship
between these two parameters and birth weight. In
addition, the latency to contact the udder is a process
that demands a neurological integrity of the piglets in
order to establish the initial contact. Therefore, this
appears to be a critical parameter when evaluating the
neurological insult of asphyxia in newborn piglets and
appears to be sensitive to respiratory and metabolic
acidosis at birth.

In conclusion, the extent of biochemical and me-
tabolic alterations may explain the severity of neurolo-
gical dysfunction in the newborn piglet surviving in-
trapartum asphyxia. The newborn piglet may provide
a naturalistic model for the study of intrapartum
asphyxia and neuroprotective strategies. Histopatho-
logic and more rigorous functional and behavioral
evaluations are still required to further characterize
the model.
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