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SUMMARY 
 
During the last decades there has been a trend of increasing rates of stillbirths (death of a mature 
calf foetus during calving and the first 24 h pp) especially in Holstein Frisian heifers. The cause of 
stillbirth with a non-infectious aetiology is likely to be multifactorial, but the majority of stillbirth 
might be caused by direct and indirect asphyxia. In practice it is generally not possible to measure 
the acid-base metabolism of foetuses therefore it is very important to know those changes which 
may occur during normal calving and obstetrical assistance in order to be able to decrease 
perinatal mortality. 
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The profitability of cattle breeding is greatly influenced by the rate of calves being born alive and 
reared to adulthood. In spite of the speedy developments of animal breeding, perinatal mortality is 
still very high (4 to 7%) and constitutes approximately half of the total calf losses (Anderson and 
Bellows, 1967; Voelker, 1967; Szenci and B.Kiss, 1982; Mee, 1991). Perinatal mortality 
(stillbirth) is defined as the death of mature calf foetuses during calving or in the first 24 h of 
postnatal life.  

During the last decades there is a trend of increasing rates of stillbirths especially in Holstein 
Friesian (HF) heifers. In the Swedish HF-heifer population stillbirth rate has increased from 4% to 
11% (Gustafsson et al., 2004). As other authors found, at first calving around 10% of the calves 
are born dead or die on the first day (Berlgund et al., 2003; Meyer et al., 2000; Steinbock et al., 
2003). In the Netherlands stillbirth rate for heifers was reported to be 12,2% in 1999, and in the 
USA it was 13,2% in 1996 (Steinbock et al., 2003).  

The incidence rate of stillbirths (294 out of 4103) in a large-scale Hungarian Holstein-Friesian 
dairy farm between 1973 and 1978 was 8,3% for heifer calvings and 6,5% for cow calvings, 
respectively (Szenci et al., 1981). In the same farm the stillbirth rate was 8,7% for heifer calvings 
and 5,9% for cow calvings in 2003, respectively. All together 124 of 1733 newborn calves were 
lost (7,2%) in the perinatal period. Comparing the two periods there were no increase in perinatal 
mortality, however it is still very high. These figures call attention to the importance of examining 
the causal factors of perinatal mortality.  

The cause of stillbirth with a non-infectious aetiology is likely to be multifactorial but the 
majority of calves might die due to direct and indirect asphyxia because in 73 to 75% of the 
calves that died in the perinatal period no pathological changes were detected (Hahnsdorf, 1967; 
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Greene, 1979). In a recent study, occurrence of asphyxia in calves dying perinataly was 58.3% 
(Schuijt, 1990).  

As a result of disturbances in the uteroplacental circulation occurring during parturition due to 
the rupture of foetal membranes and uterine contractions, all calf foetuses develop more or less 
severe hypoxia and consequently acidosis. The foetus responds to hypoxia by an oxygen-
conserving adaptation of its circulation. This means that all organs, that are not essential for intra-
uterine life (lungs, spleen, thymus, muscles and skin, gastrointestinal tract, possible also the liver 
and kidneys) are supplied with minimum blood. Oxygen is spared for essential organs like the 
brain, heart and adrenal glands. Increased heart rate (tachycardia), blood pressure and blood flow 
are also observed. In the case of relatively high hypoxaemia the frequency of heart activity 
decreases (bradycardia). Circulation changes and reduced oxygen consumption result in oxygen 
tension in the blood being maintained within physiological limits for some time. This oxygen-
conserving adaptation, however, means anaerobic glycolysis in all tissues with minimum blood 
supply. Under normoxic conditions glucose as the main energy source is reduced to pyruvate via 
the citric-acid cycle. The first step to pyruvate is anaerobic, the second step consists of oxidation 
of pyruvate via the citric-acid cycle to the final products, CO2 and H2O. During oxygen shortage 
glucose can only be metabolised anaerobically to pyruvate, which is mostly reduced to lactic acid. 
Energy output in this process is small, but it is sufficient to maintain metabolism for some time. 
Anaerobic glycolysis, however, has a great disadvantage because energy production is reduced, 
the carbohydrate reserves are rapidly exhausted and metabolic acidosis develops by accumulation 
of acid metabolites (lactic acid). At birth all foetuses therefore suffer from a respiratory as well as 
metabolic acidosis. It is the degree of acidosis that finally determines whether the foetus lives or 
dies. Vital cell functions cannot take place in severe acidosis, at a blood pH value of 6.7 foetal life 
ends. Before that, the organism’s regulatory system of chemical buffering in the blood comes into 
operation to keep the offspring alive. Bicarbonate is the most important buffer. The others are 
haemoglobin, plasma proteins and phosphate buffers (Walser and Mauer-Schweizer, 1978; 
Eigenmann et al., 1983a; Szenci, 1984; Grunert et al., 1985).  

The duration of survivable asphyxia always depends on the reserves of glycogen in the heart 
muscle (Dawes, 1968). The surviving period for calves with induced anoxia is between 4 to 6 
minutes: four of 6 foetuses subjected to 4 minutes of anoxia survived whereas all others died 
when the umbilical cord was clamped for 6 or 8 minutes (Dufty and Sloss, 1977).  

The degree of asphyxia can be evaluated by measuring the acid-base parameters in the blood. 
These parameters are as follows: pH, pCO2, pO2, base excess (BE: directly expressing the 
quantity of base /minus/ or acid /plus/ required restore the acid-base balance), actual bicarbonate 
(HCO3: the titratable hydrogen carbonate content of whole blood) (Szenci and Nyirő, 1981).  

A field study was performed in a large-scale Hungarian dairy herd (Dutch Friesian/Holstein 
Friesian crosses) where perinatal mortality ranged previously between 7.4% and 8.6% (Szenci et 
al., 1988). Delivery of 58 calves, all in normal anterior presentation, was uncomplicated; 3–4 
attendants assisted with traction and delivery was completed within 30 minutes after the 
appearance and rupture of foetal membranes. The duration of traction was measured. In another 
study Caesarean sections of 44 black and white and red and white Dutch Friesian cows were 
performed within 4 to 5 hours after spontaneous rupture of foetal membranes in each case (Szenci 
and Taverne, 1988).  

Foetal blood samples were collected by puncturing the v. metacarpalis volaris superficialis 
before the onset of traction and by puncturing a. or v. umbilicalis before the onset of extraction 
during Caesarean section.  
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Before and after birth, calves were assigned according their pH values to one of three groups 
as suggested by Eigenmann et al. (1981): 

Group 1 blood pH > 7.2 (normal /physiological acidosis/= slight, combined respiratory and 
metabolic acidosis) 
Group 2: blood pH 7.2–7.0 (acidotic = moderate, combined respiratory and metabolic 
acidosis) 
Group 3: blood pH < 7.0 (severely acidotic = severe, combined respiratory and metabolic 
acidosis) 
Shortly before the onset of traction, 25 out of 58 calves, or 25.8%, had moderate or severe 

acidosis (Szenci et al. 1988). In case of Caesarean section, 16 of 44 calves, or 36.4% had 
moderate or severe acidosis before the onset of the extraction from the uterus (Szenci and 
Taverne, 1988). The death of 2 newborn calves that were seemingly normal before birth indicates 
that either forced traction lasted too long or another, non-diagnosed complication occurred, such 
as premature compression and/or rupture of the umbilical cord, or premature separation of the 
placenta (Szenci et al., 1988). In agreement with Eigenmann (1981) and Schuijt (1990) forced 
traction jeopardises the calf's survival. Of the 4 calves (acidotic) only 1 was alive after birth. The 
intra-uterine pH of the 3 other calves, which were stillborn was nearly 7.0. This intra-uterine acid-
base changes before traction or Caesarean section may be explained by late detection of the first 
stage of labour or by placental and/or umbilical cord anomalies which are responsible for 
disturbance of the transplacental gas exchange during calving (Szenci et al., 1988). 

On the other hand, Held et al. (1985), using prenatal base-excess as a criterion in a study of 
217 calvings, found 57,6% of the calves normal (BE > –6.0 mmol/L), 24.9% acidotic (BE: – 6.0 
and –12.9 mmol/L), and 17.5% severely acidotic (BE < –13 mmol/L). Perinatal mortality 
measured 0%, 8% and 51% in these three groups, respectively. The calves were delivered either 
spontaneously or aided by moderate pulling or by Caesarean section. In grouping of our calves 
delivered by Caesarean section according to Held et al. (1985), a very similar result (normal: 
59.1% and acidotic: 40.9%) could be detected, which indicates that both parameters (pH and/or 
BE) are suitable for grouping of newborn calves (Szenci and Taverne, 1988). 

Close correlation was also reported between the duration of the dilatation stage and the 
number of severely acidotic calves (less than 2 hours: 0%, 2 to 4 hours: 19%, 4 to 7 hours: 44%) 
by Held (1983). 

Eigenmann et al. (1981) clearly showed that the prognosis for calves with intra-uterine pH < 7.2 
is very poor, even when they are delivered by Caesarean section; 56% of these calves died during 
the first week. Although our data are perhaps less dramatic – of the calves with a prenatal pH lower 
than 7.2, after traction 33% and after Caesarean section 12% died within two days – both studies 
strongly indicate that the intra-uterine oxygenation and acid-base balance of acidotic calves should 
be improved before further obstetrical interference takes place. If this can not be performed the 
obstetrician may be supported by prenatal acid-base analysis in choosing the type of assistance 
(traction or Caesarean section) since the latter can be a careful procedure for blood gas and acid-
base status of the newborn calves (Massip, 1980a; Eigenmann et al., 1981; Szenci, 1985a,b).  

According to these results it was revealed that besides disturbances of diaplacental circulation 
except of the abnormality of umbilical cord and foetal membranes it is the duration of expulsive 
period (Held, 1983), the way of assistance (Eigenmann, 1981; Eigenmann et al., 1981; Szenci, 
1983 and 1985a,b) and the duration of traction (Szenci, 1983; Szenci 1985a; Szenci et al., 1988; 
Schuijt, 1992) which influences the acid-base balance of newborn calves. At the same time 
maximum and relative force of traction appeared to be very weakly correlated with the changes of 
blood gas and acid-base values in calves during extraction. The highest relative force of traction 
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during uncomplicated extractions was 5.4 kg per kg birth weight (Schuijt, 1992). In the case of 
traction it is the duration of passage through the birth canal and within this period – the duration 
of the compression of the umbilical cord which may play a decisive role. Therefore in the case of 
a complicated calving, the mode of assistance should be chosen by taking into consideration the 
economic point of view, as well as the aim that acid-base balance of newborn calves should be 
disturbed as little as possible that asphyxia should be avoided. If it is not possible the adequate 
treatment of asphyxiated newborn calves must be solved (Eigenmann et al., 1983a; Szenci, 1985). 
 
 

IN CONCLUSION 
 
At present, in veterinary practice the main emphasis should be paid on the prevention of asphyxia 
of calves at birth, since instruments suitable for a reliable clearing of respiratory passages and for 
the maintenance of this state, and for artificial respiration of calves under practical conditions are 
not yet widely used. The most important breeding objectives are to reduce the number of calving 
assistance required. This is even more important, since calving assistance in itself may result in a 
shift of the calf’s acid-base balance. In case of dystocia, the mode and time of calving assistance 
should be chosen with regard to profitability factors and in a manner which would allow the least 
possible shift of the calf’s acid-base balance towards acidosis (Held, 1983; Szenci, 1983 and 
1985a). Before applying traction, the measurements of the soft birth canal should always be 
considered when dilatation of the soft maternal passages is not sufficient they must be expanded 
non-surgically or surgically (episiotomia lateralis) and obstetric lubricants should be used to avoid 
tractions longer than 2 to 3 minutes (Szenci, 1985b) and rib and vertebral fractures due to 
excessive traction (Schuijt, 1990). If a prolonged traction is expected, Caesarean section should be 
carried out to save the calf and to prevent injuries to the maternal birth canal. Recent studies have 
shown that before making a decision as to the mode of calving assistance in an animal hospital, 
the results of acid-base balance measurements from blood samples should be considered. The 
routine use of complex treatment of calves born with severe asphyxia may reduce the postnatal 
calf losses (Szenci, 2003). In addition to an adequate therapy (Eigenmann et al., 1983a), particular 
attention in the case of calves with asphyxia should be paid to the ingestion of sufficient amounts 
of colostrum, since the lack of colostrum uptake is accompanied by an increased susceptibility to 
E. coli infections (Eigenmann et al., 1983b; Besser et al., 1990). 

This work was partly supported by OMFB 0173/2006 research found. 
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