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THE EFFECT OF ARTERIAL BLOOD SAMPLING SITES
ON BLOOD GASES AND ACID-BASE BALANCE PARAMETERS
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In 21 healthy calves, 1-6 months old, the interrelationship and compara-
bility of acid-base balance variables (pH, HCO;, BE) and blood gases (pCO,,
pO,, and sat-O,) were evaluated in arterial blood collected from a larger, centrally
localised (the a. axillaris) and a smaller peripheral artery (the a. auricularis cau-
dalis). Sampling was done by direct puncture of the vessels without local anaes-
thesia. Except for blood pH, significant differences were observed in the average
values of pCO,, pO,, HCOs, sat-O, (P < 0.001), and BE (P < 0.05). Analyses of
blood from the a. axillaris showed higher pH, pO,, and sat-O, values, and lower
pCO,, HCO; ", and BE values compared with that from the a. auricularis caudalis.
Despite statistically significant differences between some variables, in all indices
high and significant correlation relationships were recorded (R = 0.928-0.961;
P <0.001). Therefore, from the biological and clinical point of view, these differ-
ences are unimportant and the presented method of peripheral arterial blood sam-
pling can be considered suitable for evaluating blood gases and acid-base status.
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Arterial or arterialised blood is used for the evaluation of acid-base bal-
ance and blood gases, especially in human medicine. This examination enables
the simultaneous assessment of both metabolic and respiratory compartments
and, in case of disorder in any of these compartments, the degree of compensa-
tory response of its counterpart. Analyses of arterial blood are less frequent in
veterinary medicine, partly because of the more demanding sampling techniques
in animals. Therefore, several authors have investigated suitable sites and tech-
niques for collection of arterial blood in animals, especially in dogs (Feigl and
D’Alecy, 1972; Quandt et al., 1991) and horses (Lieske et al., 1981; Deegen,
1983). In cattle, unlike other species, several arteries have been used (Table 1).
These arteries can be divided into larger ones — central, localised nearer to the
heart, and smaller — peripheral, more distant from the heart. However, only some
of them proved to be suitable for the direct puncture of the vessel in routine
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practice. There are several reports on the reference values of acid-base balance
variables and blood gases obtained by analyses of blood from different arteries,
localised both centrally and peripherally, in healthy cattle. In addition to the
well-known differences in acid-base variables and blood gases between arterial
and venous blood (Naito and Murakami, 1982; Nagy et al., 1994), Collie (1991)
suggested the possible existence of differences between results in arterial blood
depending on the localisation of the arteries. Such differences were also reported
for venous blood by Bajcsy et al. (1999) who investigated indices of acid-base
balance in the blood collected from several different veins.

Following previous results and experiences with arterial blood collection
from the a. axillaris and a. auricularis caudalis in calves (Nagy et al., 1999), this
work was aimed at evaluating the differences in acid-base variables and blood
gases obtained by analyses of blood from a peripheral vessel — the a. auricularis
caudalis and from a more central artery — the a. axillaris, as well as their use in
clinical diagnosis. Moreover, if there are differences, there is a question as to
which variables differ and whether or not these differences are significant. Be-
sides others, we chose this study because of some controversial literary data
(Fischer et al., 1980; Oakley et al., 1980; Gustin et al., 1988). In cattle, the need
for the collection of arterial blood from the periphery is frequently the result of
the poor accessibility of large central arteries (such as the a. brachialis and a.
axillaris) in older animals. Knowledge of the interrelations of these variables
within the course of the arterial bloodstream would facilitate the proper choice of
sampling sites in relation to the examinations required.

Material and methods

Sampling of arterial blood was done in 21 healthy calves (Slovak and
White-Black spotted breeds, and their crossbreds) 1-6 months old. The animals
were housed individually at the Clinic of Internal Diseases of Ruminants and
Swine. They were fed hay and concentrates with free access to drinking water.

Arterial blood was collected from a large central artery — the a. axillaris,
and a smaller peripheral artery — the a. auricularis caudalis (medial branch).
Samplings were done one immediately after another — first from the a. auricu-
laris caudalis and then from the a. axillaris. Before collection of peripheral
blood, the convex side of the auricle over the course of the medial branch of the
artery was shaved and disinfected (Fig. 1). The a. axillaris was punctured at the
base of neck, at the beginning of the jugular groove (Fig. 2). At this site the ar-
tery emerges from the thoracic cavity, turns around the 1st rib, and runs caudo-
ventrally towards the medial side of the foreleg. The calves were restrained in the
usual way with the help of one man ensuing minimal stress to the animal. Arter-
ies were punctured with disposable needles (G 21) without local anaesthesia.
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Blood was collected into heparinised glass capillaries (D 551/20/150, 200 pl,
Radiometer Copenhagen). Paired samples were collected from both sites, stored
in ice, and analysed within 30 min of collection. The samples were analysed by
an automatic analyser ABL, (Radiometer Copenhagen) at 37 °C. The following
acid-base balance variables and blood gases were evaluated: pH, actual bicar-
bonate concentration (HCO5"), base excess (BE), the partial pressure of oxygen
(pO,), the partial pressure of carbon dioxide (pCO,), and the saturation of hae-
moglobin with oxygen (sat-O,).

Fig. 1. Arterial blood sampling from the a. auricularis caudalis into capillaries in a one-month-
old calf

Results are expressed as mean + standard deviation for each parameter and
site of sampling. The significance of differences was assessed by paired #-test.
Relationships between sampling sites, their significance (P), and linear regres-
sions were calculated including Pearson (R) correlation coefficients. Statistical
analyses were done with Statgraphics programme (STATGRAPHICS, vers.4.0).

Results

The results obtained from the a. axillaris and a. auricularis caudalis are
presented in Tables 2, 3 and 4.
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Fig. 2. Puncture of the a. axillaris in a 5-month-old calf

The results obtained indicate small, but statistically significant differences
in mean values obtained from the two sampling sites (Table 2). While no signifi-
cant differences were recorded in mean pH values, highly significant differences
were observed in the mean values of pCO,, pO,, HCO;", and sat-O, (P < 0.001),
and BE (P < 0.05). Analyses of blood from the a. axillaris showed higher values
of pH, pO,, and sat-O,, and lower pCO,, HCOj; ", and BE values compared with
that from the a. auricularis caudalis. Analyses of difference between the paired
values (a. axillaris — a. auricularis) of acid-base balance indices and blood gas-
ses calculated from individual values are presented in Table 3. These results in-
dicate that in most cases blood from the a. axillaris showed higher values of pH,
pO,, and sat-O,, while the remaining three variables (pCO,, HCO;", and BE)
were higher in the peripheral arterial blood. In some cases, the same values of
pH, HCOs, and BE were recorded regardless of the sampling site. Despite sta-
tistically significant differences between some variables, in all indices high and
significant correlations were recorded (R = 0.928-0.961, P < 0.001, Table 4).
The regression equations (y) can be used for the calculation of the expected value
in central arterial blood (a. axillaris) from results obtained in peripheral arterial
blood (a. auricularis).
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Table 2

Means (x), standard deviations (+ SD), and differences between average values of acid-base bal-
ance variables and blood gases in arterial blood collected from the a. axillaris and a. auricularis

in calves (n =21)

Parameter a. axillaris a. auricularis Difference
pH 7.427 +0.03 7.423 +£0.03 +0.004
pCO, (kPa) 5.58+0.42 5.71 £ 0.44 -0.13°¢
pO, (kPa) 11.63+1.0 11.28 £ 1.0 +0.35°
HCO;5 (mmol.I™") 273+1.7 277+15 —0.4°
BE (mmol.I"") 29+17 3.1+16 -0.2°
sat-O, (%) 96.6 £ 0.8 96.3+0.9 +0.3¢

a, ¢ — statistical significance of differences between average values (a: P < 0.05; c: P <0.001)

Table 3

Analysis of individual differences between acid-base balance variables and blood gases recorded
in calves’ arterial blood collected from the a. axillaris (A) and a. auricularis caudalis (AU)

Parameter

1

max. diff.

2

n n max. diff. n
A>AU A>AU A <AU A <AU A =AU

pH 13 +0.031 5 -0.019 3
pCO, (kPa) 2 +0.17 19 -0.37 0
pO, (kPa) 19 +0.74 2 -0.07 0
HCO;5 (mmol.I™") 3 +0.5 17 -13 1
BE (mmol.l™) 5 +0.6 14 -12 2
sat-0, (%) 18 +1.0 3 -0.1 0

n' — number of samples with higher values of corresponding parameter in the blood from the a. ax-
illaris compared with that from the a. auricularis caudalis; n* — number of samples with lower
values of corresponding parameter in the blood from the a. axillaris compared with that from the a.
auricularis caudalis; n° — number of samples with the same values of corresponding parameter in
the blood from the a. axillaris and the a. auricularis caudalis; max. diff. — maximal difference
between the sampling sites

Table 4

Correlation and regression analyses of acid-base balance parameters and blood gases in arterial
blood from a central — a. axillaris and a peripheral artery — a. auricularis caudalis

Parameter y R P
pH 0.919x +0.599 0.928 <0.001
pO, 0.980x + 0.579 0.960 <0.001
pCO, 0.914x + 0.363 0.959 <0.001
HCO;5~ 1.059x - 2.11 0.961 <0.001
BE 1.108x — 0.336 0.956 <0.001
sat-O, 0.884x + 11.5 0.945 <0.001

y — equation of linear regression; R — correlation coefficient; P — significance of correlation
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Discussion

An advantage of venous blood collection for the measurement of acid-base
balance is the ease of sampling. However, it enables us to evaluate mostly its
metabolic component. Venous pH may be lower by 0.05 or more than the pH of
arterial blood, which is flowing towards tissues and cells of the organism. The
need to collect arterial blood for laboratory diagnostics is related to the possibil-
ity of a more complex evaluation of acid-base balance, particularly the assess-
ment of blood gases, supply of tissues with oxygen, and primary and secondary
disorders of the respiratory tract in various pathological states leading to hypoxia
and hypercapnia in the body.

Regarding the importance of evaluating the acid-base balance and blood
gases in arterial blood, many clinicians have investigated suitable techniques for
collection of arterial blood from animals. These techniques should ensure reliable
collection, minimal handling and adverse responses of animals. Simultaneously,
they should be safe both for the animal and the surgeon. On the basis of the veri-
fied techniques for substituting arterial blood with arterialised capillary blood in
human medicine, there were attempts to use such techniques also in animals.
While these techniques are quite well developed in dogs (Sharpe et al., 1968;
Sandmann et al., 1983), the collection of arterialised blood in horses and cattle is
not widely used. Verhoeff and Wierda (1983) studied the use of arterialised
blood, instead of arterial blood, in the assessment of acid-base balance and blood
gases in calves. They based their study on the assumption that arterial blood col-
lection in cattle requires sufficient experiences and skill, and, moreover, repre-
sents some risk for both animals and humans. They compared the indices in arte-
rialised blood obtained after a small incision in the auricle edge with the arterial
blood from the a. brachialis. They reported high significant correlation of pO,
and actual bicarbonate. On the other hand, values of pCO, and pH showed larger
differences and a lower correlation of individual reports. As a probable cause of
these differences the authors suggest the possible admixture of venous blood, the
insufficient arterialisation of the incision site, as well as the contamination of the
samples with air.

Because of the aforementioned factors, several authors looked for the most
accessible arteries in cattle and for collection methods involving direct vessel
puncture. Among numerous arteries, some were selected and used for direct
puncture. In the clinical practice, because access to central arteries is frequently
difficult due to their deeper localisation, collection from peripheral arteries, es-
pecially from the a. auricularis, is preferred (Riley and Thompson, 1978). Some
authors analysed paired samples of arterial blood collected from larger central
(mostly the a. carotis communis and the a. brachialis) and smaller peripheral ar-
teries (the a. coccygea and the a. auricularis caudalis) including comparison of
acid-base balance variables and blood gases. However, not the same sampling
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methods were used in all studies. For example, the use of a catheter for collection
from the a. carotis (Oakley et al., 1980; Gustin et al., 1988) or the puncture of
the a. auricularis after preceding local anaesthesia (Oakley et al., 1980).

The results achieved in these studies were not entirely consistent. In
calves, Oakley et al. (1980) found relatively small site differences of pH, BE,
pO,, and sat-O, (the a. carotis vs. the a. auricularis) with trends similar to those
found in this work. However, the average values of pCO, and bicarbonates were
higher in samples from the a. carotis than from the a. auricularis. Moreover, the
authors did not present a statistical evaluation of the results and a correlation of
individual values. Fischer et al. (1980) compared arterial blood from the a. bra-
chialis and the a. auricularis in cattle 10 months to 6 years old. They found a
nonsignificant correlation of pH, pCO,, and HCO;™ and significantly lower val-
ues of pO, (with a correlation of 0.84) in the peripheral blood. The aforemen-
tioned authors suggested that the tendency to lower pO, values in arteries distant
from the heart might be caused by the smaller regions supplied by these arteries.
Before the arterial blood reaches these regions distant from the heart, it may lose
some oxygen. Different results in calves have been reported by Gustin et al.
(1988). They reported a highly significant correlation between individual values
of pH, pCO,, HCO;", as well as pO,, in paired blood samples collected from the
a. carotis and the a. coccygea. They concluded that it is possible to collect arte-
rial blood from the a. coccygea. However, there is a need to avoid the admixture
of venous blood. Collie (1991) reported similar results when he compared the
variables of blood collected from the a. brachialis and the a. coccygea. He found
significant correlation of pH, HCOs ', and pO,; however, contrary to the afore-
mentioned studies, individual pCO, values did not correlate significantly. Ac-
cording to the author, it is impossible to explain these differences physiologi-
cally. They probably reflect the relatively small numbers of samples (10-14) and
the effects of the sampling technique, i.e. the restraining of animals, the time
between collection and analysis, the storing and transport of samples, the ad-
mixtures of venous blood, and air bubbles due to incorrect sampling. All of these
factors may contribute to false results (Haskins, 1977; Poulsen and Surynek,
1977, Szenci et al., 1991; Szenci et al., 1994).

The results presented showed a high and significant correlation in all the
variables investigated and correspond to the results of Gustin et al. (1988). Com-
pared with the results of Fischer et al. (1980), we found higher and significant
correlation in all variables. Contrary to the studies cited, our results were ob-
tained from a larger group of animals and indicate the degree of possible differ-
ences in case of peripheral arterial blood analysis. Despite statistically significant
differences between the sampling sites in our work, from the biological and
clinical point of view, we consider these differences as practically not important.
On the basis of our results, to evaluate acid-base balance and blood gases we
consider the sampling method and examination of peripheral arterial blood pre-
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sented as more suitable and reliable than the examination of venous blood. First
of all, it is related to blood gases, which are primarily the most susceptible to
various extravital influences. With sufficient skill and practice, it is possible to
use the sampling of peripheral arterial blood as an adequate substitute for central
arterial blood collection.
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