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Abstract – The aim of this study was to evaluate the effect of body positioning immediately after de-

livery on respiratory and metabolic adaptation to extra-uterine life in newborn calves. One hundred

and one Belgian White and Blue calves were delivered at term by an elective caesarean section and

were assigned into three categories according to the body position imposed immediately after umbili-

cal cord rupture: 71 calves were placed in lateral recumbency; 16 calves were placed in sternal recum-

bency and 14 calves were suspended by the hind legs for less than 90 seconds (75 ± 5 s). Following

this initial body position, the calves were allowed to move without restraint. They were examined at

birth, 5, 15, 30, 45 and 60 minutes, and 2, 3, 6, 12 and 24 hours after birth by the following measure-

ments: physical examination, heart rate, arterial blood gas analysis, pulmonary function tests using

the esophageal balloon catheter technique, arterial and venous blood acid-base balance analysis, rec-

tal temperature, jugular venous blood sampling for the determination of blood glucose, plasma lac-

tate and serum cortisol concentrations, haematologic variables and passive immune transfer

variables. Body positioning immediately after delivery clearly influenced respiratory and metabolic

adaptation to extra-uterine life in term calves delivered by an elective caesarean section. Systematic

sternal recumbency and suspension by the hind legs for less than 90 seconds immediately after umbil-

ical cord rupture had a positive functional impact on postnatal pulmonary mechanics and gas ex-

change and on postnatal correction of mixed acidosis present at birth, contributing in turn to an

enhanced passive immune transfer. These two body positions should be encouraged to improve adap-

tation at birth in healthy term calves delivered by an elective caesarean section. Evaluation of possible

side-effects is required before application in severely asphyxiated calves.
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Résumé – Confiner le veau en décubitus sternal ou le suspendre par les membres postérieurs à
la naissance améliore son adaptation respiratoire et métabolique à la vie extra-utérine. L’objec-

tif de cette étude était d’évaluer l’effet du décubitus sternal ou de la suspension systématique par les

membres postérieurs immédiatement à la naissance sur l’adaptation respiratoire et métabolique chez

le veau nouveau-né sain. Cent et un veaux de race Blanc-Bleu Belge à terme nés par césarienne ont été

répartis en trois catégories selon la position dans laquelle ils ont été délibérément placés immédiate-

ment après la rupture du cordon ombilical. La première catégorie comprend les veaux placés en décu-

bitus latéral (n = 71) ; la seconde, ceux placés en décubitus sternal (n = 16) ; et la troisième, les veaux

suspendus par les membres postérieurs pendant moins d’une minute trente secondes (75 ±5 s) (n =

14). Les veaux ont été examinés à la naissance, à l’âge de 5, 15, 30, 45 et 60 minutes, 2, 3, 6, 12 et

24 heures après la naissance au moyen des tests suivants: un examen clinique, une analyse des gaz

sanguins, des tests de fonction pulmonaire par la technique du ballonnet œsophagien, une analyse de

l’équilibre acido-basique dans le sang artériel et veineux, une prise de température rectale, un prélè-

vement de sang veineux jugulaire pour la mesure de la glycémie, de la lactatémie, de la cortisolémie,

une détermination des paramètres hématologiques et enfin une évaluation de l’immunité passive co-

lostrale. La position dans laquelle le veau est placé immédiatement après la rupture du cordon ombili-

cal a influencé l’adaptation respiratoire et métabolique des veaux au cours des 24 premières heures de

vie. Le décubitus sternal systématique ou la suspension systématique par les membres postérieurs

pendant moins d’une minute trente secondes ont exercé d’une part, une influence positive sur la mé-

canique du système respiratoire et sur les échanges gazeux pulmonaires et d’autre part, une correction

plus rapide de l’acidose mixte présente à la naissance. Cette dernière a en outre permis un meilleur

transfert de l’immunité passive colostrale. Au vu de ces résultats, il convient de recommander ces po-

sitions pour améliorer l’adaptation respiratoire et métabolique chez le veau nouveau-né sain et à

terme né par césarienne. Il est indispensable de connaître leurs éventuels effets secondaires avant de

les appliquer de manière systématique chez les veaux présentant une asphyxie sévère à la naissance.
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1. INTRODUCTION

In bovine medicine, around 60% of all

perinatal calf mortalities (2–8%) occur

within 24 hours after birth [31, 34].

Perinatal losses occur especially in cases of

abnormal parturition [10, 31, 35]:

hypoxaemia and uncorrected respiratory

and metabolic acidosis following difficult

birth are well-known causes that may di-

rectly or indirectly lead to death [10, 35, 39,

43].

Perinatal calf losses greatly vary from

herd to herd and depend on general herd

management practices [12, 15].

To reduce perinatal calf deaths and sub-

sequent high economical losses, it is neces-

sary to better define normal physiological

changes in healthy calves during adaptation

to extra-uterine life and to modify manage-

ment of the newborn immediately after

birth [1, 30]. Advances in the understand-

ing of the physiology and pathophysiology

of the periparturient period in humans as

well as in pigs, sheep and horses have re-

sulted in practical benefits such as cost-

effective and straightforward management

strategies which reduce neonatal losses [32,

37, 48, 49].

In human medicine, body positioning

affects respiratory function both in adults

and neonates with or without respiratory

illness. Changing the body position of the

newborn baby is a well-known procedure to

improve respiratory function and oxygena-

tion and is a determinant risk factor in the

sudden infant death syndrome [13].

Postural modifications of metabolic ho-

meostasis have also been reported in early

infancy [41].

Substantial elevations in arterial oxygen

tension are well correlated with a change
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from lateral to sternal recumbency in neo-

natal foals as in anaesthetised adult horses

[14, 17, 23].

Recently, changes in variables measur-

ing respiratory function, acid-base balance,

some metabolic pathways, as well as

changes in haematological and passive im-

mune transfer variables have been assessed

during the first 24 hours after delivery in or-

der to describe a successful transition to ex-

tra-uterine life in healthy calves [45].

Sternal recumbency and suspension by

the hind legs have been recommended [6,

18, 21, 30] to resuscitate compromised

newborn calves but the efficiency of such

procedures has not yet been evaluated, even

in healthy newborn calves [6, 10].

Therefore, the purpose of this study was

to evaluate the effect of body positioning

immediately after delivery on respiratory

and metabolic adaptation to extra-uterine

life in newborn calves.

2. MATERIALS AND METHODS

2.1. Calves and body positioning

One hundred and one (101) Belgian

White and Blue calves, including 54 males

(50.8 ±1.0 kg) and 47 females (49.0 ±1.1 kg),

delivered at term (283 ±1 d) by an elective

caesarean section were studied.

Calves were grouped into 3 categories

according to the body position imposed im-

mediately after umbilical cord rupture:

71 calves were placed in lateral recum-

bency and allowed to reach spontaneous

sternal recumbency, 16 calves were manu-

ally placed in sternal recumbency, and

14 calves were suspended by the hind legs

using calving ropes and after suspension,

were placed in lateral recumbency and al-

lowed to reach spontaneous sternal recum-

bency. Suspension was stopped once the

first defense movement was observed.

After initial body positioning at birth, all

calves were allowed to move without any

restraint.

2.2. Experimental protocol

The calves were investigated 5, 15, 30,

45 and 60 minutes, and 2, 3, 6, 12 and

24 hours after birth. At each of these time

points, the following examinations were

carried out:

• physical examination;

• cardio-respiratory function: heart rate

(mHR), arterial blood gas analyses and pul-

monary function tests using the esophageal

balloon catheter technique;

• metabolic pathways: rectal tempera-

ture (RT), arterial and venous acid-base

balance variables, plasma lactate (L), blood

glucose (G), serum cortisol concentrations

(C);

• haematological variables: red blood

cell count (RBC), total haemoglobin con-

centration (Hb) and haematocrit (Ht);

• passive immune transfer variables: se-

rum total protein (TP) and β2γ globulin

(β2γ ) concentrations.

An additional sample of venous and ar-

terial blood was drawn from the umbilical

cord (T0) to determine blood gases and

acid-base balance variables. L, G, C, RBC,

Hb and Ht as well as TP and β2γ were only

measured 5 and 60 minutes, and 6 and

24 hours after birth.

After delivery, the calves were housed in

a calving pen with standardised ambient

conditions. Calves were neither tranquil-

lised nor sedated. All calves ingested

40 mL·kg–1 of body weight of a colostrum

that contained 80 g·L–1 total protein in two

meals within the first 6 hours after delivery

(the first feeding was at 1 hour and the sec-

ond at 6 hours) [50].
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2.3. Physical variables

Calves were considered to be healthy

and free of macroscopic congenital defects

after a physical examination performed

within 5 minutes after birth. The time inter-

val between birth and sternal recumbency

(T-SR) without human aid was recorded

and used to evaluate the calves’ vitality

[40]. The duration of the suspension, i.e.

from umbilical cord rupture to lateral re-

cumbency on the ground, was recorded.

Fluid expulsed from the mouth and nose

during suspension was collected and the

quantity was determined.

2.3.1. Cardio-respiratory function

variables

2.3.1.1. Heart rate

Heart auscultation was performed to as-

sess heart rate (mHR).

2.3.1.2. Arterial blood gas analyses

Arterialbloodsampleswerewithdrawnan-

aerobically from the Art. axillaris/subclavia

[16] in a 2 mL heparinised syringe. They were

stored in ice and analysed within 5 minutes by

a blood gas analyser (AVL 995, VEL,

Leuven, Belgium) for blood gas tensions

[arterial partial pressure in oxygen (PaO2),

arterial partial pressure in carbon dioxide

(PaCO2)]. These values were corrected for

rectal temperature [22]. The analyser auto-

matically calculated the alveolo-arterial

gradient (A-aDO2) by subtracting PaO2

from the alveolar partial pressure of oxygen

(PAO2). PAO2 was calculated from the fol-

lowing equation:

PAO2 = (BP – PH2O). FIO2 – (PaCO2/RQ)

where BP is the ambient barometric pres-

sure (automatically measured by the blood

gas analyser), PH2O the water vapour pres-

sure (calculated as a function of body tem-

perature), FIO2, the fractional concentration

of oxygen in inspired air (0.21). The respi-

ratory exchange ratio values (RQ) previ-

ously determined by Vermorel et al. [46] for

newborn calves were used for calculations:

RQ = 0.80 for blood gas analyses per-

formed before 12 hours old and RQ = 0.76

at 18 and 24 hours old. The analyser was

calibrated every three hours with a

two-point calibration using certified gas

mixtures for oxygen and carbon dioxide

partial pressures.

2.3.2. Pulmonary function tests

Pulmonary function tests were per-

formed using the esophageal balloon cathe-

ter technique [25].

Respiratory airflow was measured using

a heated Fleisch pneumotachograph (nr 2 or

3) mounted on a tight-fitting face mask and

coupled to a differential pressure trans-

ducer (Validyne DP 45-14, Validyne Engi-

neering) with two identical catheters.

Pleural pressure changes were measured

with an esophageal balloon catheter made

from a condom sealed over the end of a

polyethylene tube (length: 170 cm, ID:

2 mm, OD: 3 mm) with a wide bore distal

end (20 holes equally distributed over

10 cm) in the part covered by the condom.

All flow and pressure signals were fed

into a computer provided with the Po Ne

Mah system (Gould Instrument Systems),

which derived ventilatory [respiratory rate

(RR), tidal volume (VT), minute volume

(VE)] and mechanical (total pulmonary re-

sistance (RL), dynamic lung compliance

(CLdyn)’values on each artefact free respira-

tory cycle. For statistical analysis, values of

25 regular respiratory cycles were recorded

and averaged.

Measurements were performed on

calves in the sternal position during the first

two hours after birth and in the standing po-

sition from 3 to 24 hours, with standardised

head and neck positions [26].
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2.4. Metabolic variables

2.4.1. Rectal temperature

Rectal temperature (RT) was measured

using a digital thermometer (Hartmann).

2.4.2. Acid-base balance

Arterial and venous acid-base balance

variables (arterial pH (apH), arterial bicar-

bonate concentration (aHCO
3

–
), arterial

base excess (aBE); venous pH (vpH), ve-

nous bicarbonate concentration (vHCO
3

−
)

and venous base excess (vBE)) were calcu-

lated by the blood gas analyser (AVL 995,

VEL, Leuven, Belgium) on arterial and ve-

nous blood samples. The analyser was cali-

brated every three hours with a two-point

calibration using buffers.

2.4.3. Lactate

A droplet of whole jugular venous blood

was deposed on the reactive strip of a portable

lactate analyser (Accusport, Boehringer

Mannheim) for determination of plasma lac-

tate concentration (L, in mmol·L–1). The por-

table analyser was used according to

recommendations made by Coghe for the bo-

vine species [7].

2.4.4. Glucose

A droplet of whole jugular venous blood

was deposed on the reactive strip of a porta-

ble blood glucose meter (One Touch

Profile, LifeScan Inc, Mountain View,

CA, USA) for determination of blood glu-

cose concentration (G, in mg·dL–1). The

portable analyser was used according to

recommendations made by Roeder for the

bovine species [36].

2.4.5. Cortisol

An aliquot of the jugular blood sample

was added to a dry tube. Blood tubes were

centrifuged (10’at 1 500 g) immediately af-

ter sampling and the serum was stored at

4 oC until serum cortisol concentration

(C, in ng·mL–1) was measured by a double-

antibody radioimmunoassay technique ac-

cording to Massip et al. [29].

2.5. Haemotological variables

2.5.1. Complete Blood Count

Another aliquot of the jugular blood

sample was added to an EDTA-K3 contain-

ing tube and was stored at 4 oC and analysis

was performed within four hours after sam-

pling. Red Blood Cell count (RBC, in

1012 cells·L–1) and total haemoglobin con-

centration (Hb, g·dL–1) were determined

using the Abbott Cell-dyn 3500 auto-

mated haematology analyser (Abbott, Di-

agnostics Division, Santa Clara, CA, USA).

Haematocrit (Ht,%) was calculated with

the same system.

2.6. Immune passive transfer variables

2.6.1. Serum total protein

and 2 globulin concentrations

Another aliquot of jugular venous blood

was added to a dry tube. Blood tubes were

centrifuged (10’ at 1500 g) immediately af-

ter sampling and serum was stored at 4 oC

until serum total protein concentration

(TP, in g·L–1) was measured by the

colorimetric Biuret method (Total Pro-

tein Merckotest 1.03327.0001, Merck

Diagnostica, Darmstadt, Germany). The

β2γ globulin proteinic subfraction (β2γ %,

in% of TP) was isolated using a titan gel

electrophoretic analysis (Titan gel electro-

phoresis kit 3041, Elena Laboratories, UK).

The β2γ globulin concentration (β2γ , in

g·L–1) was calculated by multiplying the

β2γ % by TP.

2.7. Statistical analysis

A continuous auto regressive moving av-

erage model for unequally spaced repeated

measurements [20] was used to evaluate

the changes in the selected physiological
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variables during the first 24 hours of life in

the calves. Profile equations for each mea-

sured variable were developed to describe

how these variables vary over time (age of

the calf). The Akaike criterion [2] has been

computed for the model with and without

the covariate factor tested, i.e. body posi-

tioning after delivery, taking into account

risk-factors with a significant effect.

Deviances were computed, allowing stan-

dard chi-square tests to be applied to evalu-

ate the effects of time and body positions on

the selected physiological variables. Ap-

propriate estimates and standard errors

were calculated, allowing standard t-tests

to be applied for comparison of the 3 cate-

gories of body position.

Responses were modelled with an

autoregression of order one [AR(1)] to re-

flect the fact that observations made more

closely in time may be more closely related.

Moreover, if relevant, individuals were

seen as random effects with an arbitrary be-

tween subject covariance matrix.

In order to evaluate the effect of duration

of suspension on the response variables,

duration was considered as a covariate fac-

tor and was tested independently in the

subpopulation of the calves suspended by

the hind legs. The Akaike criterion [2] has

been computed for the model with and

without suspension time. Deviances were

also computed, allowing standard chi-

square tests to be applied.

A one-way ANOVA was used to evalu-

ate the effect of body position on T-SR. The

effect of duration of suspension on fluid

collected was evaluated by a regression

analysis. The significant difference of the

slope from zero was determined using a

two-tailed Student t test.

All data were expressed as mean ±SEM.

3. RESULTS

The time between birth and sternal re-

cumbency was significantly (p ≤ 0.05)

lower in calves suspended by the hind legs

than in calves in lateral recumbency with

2.7 ± 0.9 and 3.7 ± 0.5 minutes, respectively.

The time courses of aBE, vpH, RR, VE,

RL, G, L, C and Ht were not significantly

modified by body position. Conversely, the

body position significantly (p ≤0.05) influ-

enced the time course of PaO2, SaO2,

PaCO2, apH, aHCO3, AaDO2, vHCO3,

vBE, mHR, RT, VT, CLdyn, β2γ , RBC, Hb

and TP.

The duration of the suspension averaged

75 ± 5 seconds and ranged from 40 to

90 seconds. Among the variables that were

significantly influenced by body position,

the following were also significantly (p ≤ 0.05)

modified by the duration of the suspension:

PaO2, SaO2, vBE, CLdyn, RBC and Hb. An

increase in duration of suspension was ac-

companied by an increase in PaO2, SaO2,

vBE and CLdyn and by a decrease in RBC

and Hb. RL decreased significantly

(p ≤ 0.05) when suspension was longer.

Fluid collected tended to increase with

an increase in duration of suspension but

the relationship was not significant.

From birth to 24 hours, PaO2 increased

significantly (p ≤ 0.001) with time in the

three groups of calves (Fig. 1). Calves in

sternal recumbency and those suspended by

the hind legs had significantly (p ≤ 0.05)

higher PaO2 values than calves in lateral re-

cumbency. The postnatal increase in PaO2

was greater in calves in sternal recumbency

and suspended by the hind legs than in

those in lateral recumbency (Fig. 1).

Changes in SaO2 with time followed a

similar trend to that of PaO2 (Fig. 1).

From 5 minutes to 24 hours, there was a

significant (p ≤ 0.001) and progressive de-

crease in PaCO2 with time in all calves

(Fig. 1). From 5 minutes after birth to

24 hours, PaCO2 values in calves in sternal

recumbency and suspended by the hind legs

remained significantly (p ≤ 0.05) lower

than in calves in lateral recumbency. At
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Figure 1. Changes in arterial partial pressure of oxygen (PaO2), arterial haemoglobin oxygen satura-

tion (SaO2), arterial partial pressure of carbon dioxide (PaCO2) and alveolo-arterial difference of ox-

ygen (AaDO2) during the first 24 hours after birth in calves placed in the lateral and sternal positions

and in those suspended by the hind legs immediately after delivery (mean ±SEM).



24 hours, calves suspended showed lowest

PaCO2 values (Fig. 1).

From birth to 24 hours, AaDO2 de-

creased significantly (p ≤0.001) with an

initial sharp decrease during the first six

hours followed by a plateau. AaDO2 was

significantly (p ≤ 0.05) lower in calves in

sternal recumbency and suspended by the

hind legs than in those in lateral recumbency

(Fig. 1).

At birth, apH values were higher in

calves that were suspended than in other

calves (Fig. 2). From birth to five minutes

after delivery, apH values decreased reach-

ing 7.25 in the 3 groups of calves. From

5 minutes to 24 hours, apH increased pro-

gressively to above 7.35 from 12 hours on

the 3 groups of calves. During this period,

i.e. from 5 minutes to 24 hours, calves

that were suspended showed signifi-

cantly (p ≤ 0.05) higher apH than other

calves (Fig. 2). aHCO3 and vHCO3 were the

highest in the calves in lateral recumbency

and the lowest in the calves in sternal re-

cumbency, with intermediate values in the

calves suspended (Fig. 2). After an initial

decrease during the first five minutes after

birth, aBE remained stable. From

12 hours, aBE showed a significant in-

crease (p ≤ 0.001) to reach at 24 hours val-

ues similar to those obtained on umbilical

blood (Fig. 2).

In all calves, changes in RT during the

first day after birth were characterised by a

sharp decrease during the first 6 hours and

then a slight increase between 6 and

12 hours, stabilising around 38.6 oC after

12 hours. RT was significantly higher in

calves in sternal recumbency (p ≤0.05) than

in calves in lateral but differences disap-

peared after 12 hours (Fig. 3).

Main differences in mHR due to body

position were observed during the first

3 hours: mHR was significantly (p ≤ 0.05)

lower in calves suspended than in calves in

lateral recumbency (Fig. 3).

From 5 minutes to 24 hours, RL de-

creased significantly (p ≤ 0.001) with time

in all calves (Fig. 4). The RL values in all

calves showed a greater variability during

the first hour after delivery than later. Dif-

ferences in RL due to body position were

observed but were not significant.

From 5 minutes to 24 hours, there was a

progressive and significant (p ≤ 0.001) in-

crease in CLdyn with time in the three groups

of calves (Fig. 4). The increase in CLdyn

with time was greater in calves that were

suspended than in calves in sternal recum-

bency from 5 minutes to 24 hours and than

in calves in lateral during the first two hours

(Fig. 4).

VT increased significantly (p ≤ 0.001)

from birth to 24 hours in the three groups of

calves (Fig. 4). Increases in VT with time

were higher in calves who were suspended

or in sternal recumbency than in calves in

lateral.

RBC, Hb and Ht decreased significantly

(p ≤0.001) from 5 minutes to 24 hours after

delivery in all calves (Fig. 5). RBC was sig-

nificantly (p ≤0.05) higher (Fig. 5) and Hb

tended to be higher in calves who were sus-

pended than in other calves (Fig. 5). Trends

were similar for Ht but the differences were

not statistically significant.

From birth to 24 hours, TP and β2γ in-

creased significantly (p ≤ 0.001) (Fig. 5).

From 6 to 24 hours after delivery, calves

suspended and in sternal showed signifi-

cantly (p ≤ 0.05) higher TP and β2γ than

calves in lateral recumbency (Fig. 5).

4. DISCUSSION

In the present study, Belgian White and

Blue calves were delivered at term. As indi-

cated by the time to reach spontaneous ster-

nal recumbency, they were vital enough to

overcome the stress of birth [40].

Body positioning immediately after deliv-

ery clearly influencedrespiratoryadaptation to
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eral and sternal positions and in those suspended by the hind legs immediately after delivery (mean ±
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extra-uterine life in healthy Belgian White

and Blue calves delivered at term by an

elective caesarean section.

Imposed sternal recumbency and sus-

pension by the hind legs for less than

90 seconds (75 ±5 s) immediately after um-

bilical cord rupture represent two nursing

procedures which have a favourable impact

on the efficiency of pulmonary gas ex-

changes as indicated by significantly higher

PaO2 and SaO2 and lower PaCO2 in calves

in these two positions than in calves left in

lateral recumbency immediately after birth.
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Significantly lower AaDO2 in calves in

sternal recumbency or suspended by the

hind legs suggest that these two body positions

are associated either with better ventilation-

to-perfusion matching, or lower right-to-

left shunting or better alveolo-capillar

diffusion [47]. Moreover, the lower PaCO2

indicates that these two body positions also

allow a better alveolar ventilation [9].

In humans, the following explanations

have been proposed to explain the benefi-

cial effect of the prone position (laid on the

sternum) on oxygenation: there is a prone

position-induced increase in functional re-

sidual capacity, change in regional dia-

phragm motion, and redistribution of

perfusion [24].

A similar improvement in PaO2 with a

change from the lateral to the sternal or the

standing positions has been reported in

foals [23, 27, 42] and adult anesthetised

horses [17] and has been attributed to an

improvement of alveolar ventilation, with

or without a decrease of ventilation to per-

fusion mismatching and intrapulmonary or

extrapulmonary (e.g. patent foramen ovale)

right-to-left shunting [27].

Imposed sternal recumbency at birth

also clearly influenced postnatal changes in

ventilation and in pulmonary mechanics,

probably related to changes in the shape of

the chest wall, lung and diaphragm. Indeed,

alterations in the shape of the chest wall dis-

tort the lung and affect regional ventilation

[28].

Compared to calves in lateral recum-

bency, improved gas exchange in calves

suspended by the hind legs probably result

from a greater elimination of fetal lung

fluid from upper and lower airways during

suspension, as shown by the sharp decrease

in RL and by the sharp increases in VT and

CLdyn observed in calves suspended at the

first few pulmonary function test measure-

ments [33]. Following these initial changes,

the calves suspended by the hind legs at

birth maintained lower RL and higher VT up

to 24 hours and higher CLdyn during the first

2 hours, indicating that the beneficial effect

of suspension persisted.

Moreover, the significant increase in

PaO2, SaO2 and CLdyn and the significant

decrease in RL that accompanied the in-

crease in duration of the suspension suggest

that the “longer” suspension allows better

oxygenation due to the disappearance of

both the upper and lower airway obstruc-

tion. Indeed, the elimination of fluid from

the upper airways during suspension

tended to be higher in the case of longer

suspension but the relationship was not sig-

nificant.

These results confirm that suspending

the fetus upside down following delivery

helps to drain aspirated fluid and that, in the

case of an elective caesarean section,

postnatal gas exchange is enhanced by a re-

duction in the volume of liquid remaining

in the lungs when breathing starts [3].

Further studies should determine opti-

mal duration of suspension and possible

side-effects when too short or too long.

Body positioning immediately after de-

livery also influenced the postnatal

acid-base balance in calves delivered by an

elective caesarean section. Lower aHCO3,

vHCO3 and vBE in calves in sternal or sus-

pended than in calves in lateral accompa-

nied by higher apH values indicate that they

are able to compensate the greater meta-

bolic acidosis related to these positions

through a better alveolar ventilation and a

higher ventilatory elimination of CO2 as in-

dicated by their significantly lower PaCO2

[9].

Despite a similar body weight-related

colostral intake within the first 6 hours,

calves in sternal and suspended had signifi-

cantly higher TP and β2γ from 6 to 24 hours

than calves in lateral recumbency. Differ-

ences in TP and β2γ due to body position

were probably caused by the increased ab-

sorption of colostral immunoglobulins be-

cause postnatal increases in TP and β2γ are
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markers of absorption of colostral immuno-

globulins. This enhanced colostral passive

transfer can be due to improved postnatal

correction of hypoxaemia, hypercapnia and

acidosis present at birth in calves in sternal

and suspended than in calves in lateral re-

cumbency. Indeed, it has been demon-

strated that postnatal respiratory acidosis

and hypoxaemia negatively affect colostral

immunoglobulin absorption [4, 5, 44].

RBC, Hb and Ht decreased with time

during the first 24 hours after birth in all

calves, but these values were the highest in

calves suspended by the hind legs. Higher

RBC, Hb and Ht in the calves who were

suspended than in the calves in lateral re-

cumbency without concomitant higher al-

bumin content suggest that these differences

cannot be caused by hemoconcentration. It is

unlikely that higher RBC, Hb and Ht in sus-

pended calves result from an increased

erythropoiesis: higher RBC appeared early

after birth, i.e. from 5 minutes, which is a de-

lay largely insufficient for full erythropoiesis

processes. Therefore, the explanation could

be that RBC were released from spleen in re-

sponse to “stress” due to suspension as indi-

cated by slightly but not significant higher

cortisol levels in suspended than in other

calves [19].

Positional differences in heart rate and

heart period variability have been reported

in healthy preterm and term infants and

have been attributed to variations in auto-

nomic control [38]. Another explanation

consists in a suspension-related increased

arterial blood pressure which caused a re-

flex decrease in heart rate following a stim-

ulation of baroreceptors located in the

aortic arch and carotid sinuses.

Differences in RT observed in the pres-

ent study, with lower RT in calves left in lat-

eral recumbency at birth, could result from

increased heat losses through conduction

when covered with amniotic fluid and left

in lateral recumbency for a few minutes im-

mediately at birth [11]. Moreover, im-

proved blood oxygenation in suspended

and sternal calves may also have contrib-

uted to increased heat production and non

shivering thermogenesis by affecting the

central and sympathetic nervous systems

[8].

Clinical implications. The most impor-

tant practical implication is the favourable

effect of sternal recumbency and suspen-

sion by the hind legs for less than 90 sec-

onds (75 ± 5 s) on adaptation to extra

uterine life in newborn calves delivered by

an elective caesarean section.

The normal calf spontaneously assumes

a sternal position within a few minutes of

delivery [40]. Our study and that of Schuijt

& Taverne [40] suggest that sternal recum-

bency may be an instinctive behavioural ad-

aptation of posture which helps to correct

the hypoxaemia, hypercapnia and acidosis

present at birth [45], contributing in turn to

an enhanced passive immune transfer.

To encourage cardiopulmonary effi-

ciency, optimal gas exchange and maximal

passive immune transfer in both healthy

and compromised newborn calves, particu-

larly when hypoxaemia is anticipated or ob-

served, early positioning in a sternal

position should be encouraged.

Suspension by the hind legs for less than

90 seconds immediately after rupture of the

umbilical cord should be encouraged in

calves delivered by an elective caesarean

section because it partially mimics a “nor-

mal vaginal uncomplicated birth”. Indeed,

although the suspension does not create a

thorax compression, it induces gas ex-

change disturbances during a short period

of time, less than 90 seconds in the present

study, because the umbilical cord is rup-

tured and spontaneous breathing is not yet

present. The suspension also contributes to

the elimination of fetal fluid from the upper

airways.

Moreover, the significantly lower time

to reach spontaneous sternal recumbency in

suspended calves than in calves left in lat-

eral indicates that suspension reduces the
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time required to reach spontaneous sternal

recumbency which leads in turn to improved

postnatal pulmonary gas exchange and cor-

rection of the mixed acidosis.

Further studies should evaluate the opti-

mal duration of the suspension in order to

have the most beneficial effects without

side-effects. Further investigations are also

required before systematic application of

this procedure in calves who are in severe

hypoxaemia, hypercapnia, and acidosis due

to difficult parturition.
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