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Abstract

Nagy O., G. Kovac, H. Seidel, I. Paulikova: Selection of Arteries for Blood Sampling and
Evaluation of Blood Gases and Acid-Base Balance in Cattle. Acta Vet. Brno 2002, 71: 289-296.

Theaim of thiswork wasto select the most useful arteriesfor blood sampling in calvesand cows
in relation to the eval uation of acid-base balance and blood gasesin cattle. Following the anatomy
and literature data, we chose six central and peripheral arteries—a. axillaris, a. carotis communis,
a. brachialis, a. saphena, a. caudalismediana, and a. auriculariscaudalis. Theblood sampleswere
collected from 152 calves (2 weeks-6 months old) and 51 dairy cows. The efficiency of collection
was evaluated with emphasis on minimizing the restraining and stressing of the animal's, because
of the possible effects of the animals' responses on blood gases values. In both categories, the
results showed that the most convenient and reliable sampling sites were a. axillaris and a.
auricularis caudalis. Both in calves and cows, punctures of a. carotis communis and a. caudalis
mediana were | ess successful because of more demanding restraint, the stronger responses of the
animals, and the less repeatibility of the sampling, resp. The least efficiency was recorded for the
punctures of a. brachialis and a. saphena. Moreover, in these punctures, the difficult restraint of
calvesin thelateral position may lead to significant changesin the examined indices.

Cattle, arterial blood, blood collection, acid-base balance, blood gases

Collection and examination of blood arefrequent operationswithinthe complex of clinical
and laboratory diagnosis of health disordersin animals. Venous blood is collected the most
frequently; collection of arterial or arterialized capillary blood isless frequent. Some authors
used arterial blood for the investigation of arterio-venous differences in the concentrations of
some metabolites (Bjorkman et a. 1992; Gallagher et a. 1997; Mudrotii et a. 1999).
However, in clinical practice, the analysis of arterid blood is particularly important in
evaluating the acid-base balance (ABB) and blood gases (BG). The analysis of arterial blood
has a specia postion in the pathogenesis and diagnosis of respiratory diseases, the
pathogenesis of intoxications, anaemias, and various diseases exerting primary or secondary
effectson blood gases values, and the saturation of haemogl obin with oxygen. Information on
oxygenation, ventilation, as well as on metabolic acid-base disorders in peripartal period
obtained by analysis of blood gasesin the arterial blood represents apractical example of the
use of arterial blood in calves (Adams et a. 1991). Examination of venous blood does not
yield completeinformation ontherespiratory functions(Speirs 1980). Wideuseof collection
and analysis of arterial blood was hampered mostly by the costs of laboratory equipment
needed to analyse ABB and BG. Advancesin analytical technologies, acceptable prices and
user-friendly instruments create opportunitiesfor thewider use of arterial blood analyses both
inveterinary practiceand research activities (Col lie 1991). In calvesand adult cattle, severa
possiblesitesof arterial blood collection aredescribed (Slanina etal. 1992; Mudron 1998;
Nagy et a. 2001). Moreover, these works do not describe almost any experiences and
opinions about the advantages, disadvantages, and/or convenience and reliability of the
collection techniques, especially in relation to the collection site.
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This work evaluates some puncture sites of arterial blood collection in calves and adult
dairy cows. The aim of the work was the selection of the most useful puncture sites and
techniques for blood collection from central and peripheral arteries. Attention was paid to
the restraint of the animals to avoid their stressing with consequent changesin the indices
under study.

Materialsand Methods
Animals
The punctures of arteries and collection of arterial blood were donein 152 calves (2 weeks-6-month-old) and in
51 dairy cows(Slovak spotted, Holstein-Friesian, and their crossbreds). Besidesclinically healthy animals, we used
also patients from our clinic.

Selection of arteries to be punctured

Following the anatomy and literature data we chose the following arteries - a. axillaris, a. carotis communis, a.
brachialis, a. saphena, a. caudalis mediana, and a. auricularis caudalis. The selection criterion was the puncture
of theartery directly without surgical interventions (insertion of cannula, subcutaneousrelocation of theartery) and
without sedation.

Puncture of a. carotis communis was done on standing animals at the middle and bottom third of the neck.
Because the artery is located deeper below the skin, running mediodorsally to the jugular vein, the needle was
inserted above the jugular vein, perpendicularly to the neck, to the depth of 2 - 3cm.

A. axillariswaspunctured at the base of neck at the beginning of jugular groove. At thispoint, theartery isleaving
the thoracic cavity, turning around the 1st rib, and running caudoventrally to the medial surface of shoulder joint.
The punctures were done on standing animals.

A. brachialis, isa magistral artery for the free part of the foreleg, it goes obliquely on the media side of the
foreleg towards the craniomedia surface of the elbow and is accompanied by the v. brachialis and n. medianus
(Popesko etal. 1992). Because of its subcutaneous localization, pulsation of the artery could befelt.

A. saphenarunssubcutaneously fromthedistal part of thefemoral channel. Theartery emergeson medial surface
of the thigh and, together with the n. saphenus and v. saphena, continues to the medial side of the fore-knee. The
artery islocalized by palpation of its pulsation. Collections of blood from the a. brachialis and a. saphena were
done with the animalsin the lateral position.

A. caudalismedianaislocalized, together with the vein, in the middleline on ventral tail surface. The punctures
were done on standing animals at the level of the 2nd to 4th vertebra after raising thetail.

The medial branch of a. auricularis caudalis is situated subcutaneously on the dorsal surface of the ear. The
artery isclearly visible after cutting or shaving the hairs. The artery runsin the middle of the convex side of the ear,
from the base to the tip. Its pulsation could befelt by pal pation.

Methods of blood collection

The blood was collected into heparinized glass capillaries or into 1 ml syringes (Radiometer Copenhagen)
designed specialy for collection of arterial blood. The blood was collected without sedation and/or local
anaesthesia. Puncture sites were chosen by finding the pulsation of the subcutanoeous artery (a. brachialis, a.
saphena, a. auricularis caudalis), expected location of the deeper arteries (a. carotis communis, a. axillaris), or by
anatomical knowledge of their location (a. caudalis mediana, partly a. carotis communis). The arterial origin of
the blood was indicated by its light-red colour, spontaneous outflow (or rhythmic squirts) of the blood, aswell as
by determined values of blood gases - pO, and pCO,, and the saturation of haemoglobin by oxygenin the analysed
blood samples. Punctureswere done with disposable L uer locked needles, size G18 - G22. During the punctureand
blood collection we also checked the responses of animals, demands for restraining and handling the animals, as
well as the efficiency of the technique. In both calves and dairy cows, the punctures were done with one helper
restraining the animal. In dairy cows, the a. brachialis and a. saphena were not punctured because of the difficult
restraint (need for lateral position), which makes these techniques - without sedation or anaesthesia - inconvenient
inroutineclinical practice. After blood collection, the puncture site was compressed manually for a short timeto
avoid possible bleeding and the occurrence of haematoma.

Results

Assessment of blood collections from selected arteries with recorded advantages and
disadvantages is presented in Table 1. Rates of successful punctures and arterial blood
collectionsin calves and dairy cows are presented in Table 2.

Both in calves and dairy cows, the best results were recorded for the punctures of a.
axillaris (Plate VI, Fig. 1) and medial branch of a. auricularis caudalis (Plate VI, Fig. 2).
Collections of arterial blood from a. caudalis mediana (Plate VI, Fig. 3) were successful
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Assessment of various sites and techniques of arterial blood collection in cattle

Site of sampling

Advantages

Disadvantages

a. carotis communis

Sampling in standing animal, palpable
artery pulsation in calves and lean adults,
sometimes possibleto fix the artery under
theskin

The artery is located deeper, not directly
under the skin, difficult localization in
adult cattle, better movability and ,loss*
of the artery - blind puncture

a. axillaris

Sampling in standing animal, good
localization in calves and partidly in
adults, quite good fixation, only mild
response of animalsto sampling

Difficult localization in adult and obese
cattle, possible for blind puncture only

a. saphena

Easily palpable pulsation in calves and
adult cattle

Sampling in lateral recumbency, more
demanding fixation - possible effects on
some analysed indices

a. brachialis

Possible palpation of pulse waves in
calves

The same asin a. saphena, useful only in
calves and young cattle up to 6 months of

age

a. caudalis mediana

Sampling in standing animal, less

demanding fixation of animals

Puncture without fixation of the artery,
common course of the artery and vein
giving possibility for collection of mixed
or venous blood

a. auriculariscaudalis
- medial branch

Samplinginstandinganimal, good visibility
of the artery, particularly of its medial
branch, less movability, good fixation, less
obvious defence reactions of animals,
possible sampling in calves and cows

Sometimes difficult in calves because of
narrow lumen, cutting or even shaving of
hairs above the artery

Successful arterial punctures and arteriaI-L?g(I)?jzcollecti onsin calves compared with cows
Punctured artery No. of calves No. of successful No. of cows No. of successful
samplings samplings
a. carotis communis 15 8 8 1
a. axillaris 73 73 18 14
a. saphena 5 2 0
a. brachialis 5 2 0
a. caudalis mediana 11 5 10 4
a. auricularis caudalis 43 41 15 15
—media branch

only in a small number of animals; frequently we obtained the venous blood. For the
puncture of a. carotis communis, we recorded a higher rate in calves; this puncture was
successful inonly onedairy cow. The punctureswere done on standing animal sand the most
obviousresponsesof animal swere observed with the puncture of a. carotiscommunis. Rates
of successful puncture of a. saphena (Plate V11, Fig. 4) and a. brachialisin calveswerequite
low. These punctures were done in calves lying in alateral position, which required more
demanding restraint and led to some counteractions by the animals, both before and during

theintervention.
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On the basis of the af orementioned results we assume that arterial blood collection from
a. axillarisand a. auricularis caudalisisthe most useful and efficient.

The puncturesand blood collectionswere done with needles of varioussizes, lengths, and
[umina. With the use of needleswith smaller lumina (22G-0.7 x 35 mm; 21G-0.8 x 40 mm)
we obtained small amount of blood, which slowly flowed out. Thiswas enough tofill glass
capillaries (volume up to 200 pl) or specia plastic self-filling syringes designed for
collection of arterial blood. The advantage of these needles is mild traumatization, the
avoidance of haematomas, good repeatability, and areduction in animal responses. With the
use of needleswith larger lumina (20G-0.9 x 40 mm; 18G-1.2 x 40 mm), the blood squirted
from the needle and it was possible to obtain larger blood amounts. However, with these
needles, we observed intense vessels reactions, the occurrence of haematomas, reduced
repeatability and reliability of another collection from the same site, and more intense
reactions of the animalsto the puncture.

Discussion

In routine practice, collection of arterial blood in cattle and other speciesisless frequent.
It is mostly used in the monitoring of blood gases, providing direct information about
respiratory functions (A dams et al. 1991). Rose and Rosdal e (1981) reported that the
analysis of arterial blood become has become more frequent in veterinary practice, for
examplein surgery, and it is attracting more importance in clinical research and diagnosis.
Therefore, they emphasise the need for the easy availability of methods of arterial blood
collectioninveterinary hospitalsand |aboratories. Regarding the main goal of these methods
- assessment of ABB and BG values - these methods should be simple, easy, with minimum
demands on handling and restraint of theanimals (M uylle et a. 1996). Despite amost the
same general opinions about the importance of arterial blood collection and analysisin the
evaluation of disorders of ABB and BG, there are different views on collection methodsin
relation to the age of the animal s (young, adult), position (standing, lying), and puncturesite
(large central arteries, small peripheral arteries). These aspects may change the values and
correlations of the indices, particularly those of blood pH and blood gases.

Many authorshaveinvestigated and verified various sites and techniques of arterial blood
collectionin cattle. Some of these techniqueswere used only experimentally with the use of
genera or local anaesthesia and the vessels' cannulas. However, these methods have not
been proved in routine practice, or they were used only occasionally - aorta ascendens
(abdominalis) (Uhling and Gorznij 1993), a. carotis communis (Muylle et a. 1996),
a. iliaca externa (Vojenciak and Duran 1978), a. saphena (Donawick und Baue
1968), a. femoralis (Alnoor et al. 1986), a. temporalis superficialis (Becker 1977), a.
facialis (Muylle et a. 1996), a. metacarpalis palmaris superficialis I1l. (Waizenhofer
und M dlling 1978), a. digitalis palmaris communis (M uyll e et al. 1996).

Numerous methods reported in the literature evaluated arterial blood collection in
newborn calves as not suitable for field practice (Adams et al. 1991). The authors
emphasise that a. caudalis mediana and a. auricularis are too thin and awkwardly
located, especially in case of the hypotension and reduced peripheral tissue perfusion.
The technique of blood collection from a. brachialis reported by Fischer (1956) in
standing cattle is also not suitable in lying newborn calves, nor is the puncture of
abdominal aortabecause of possible contamination and infection of peritoneal cavity, as
well as life endangering injury to the aorta. Because it is inconvenient in calves, the
aforementioned authors consider also punctures of a. carotis, a. saphena, middie and
plantar metatarsal arteries unsuitable. Szenci and Nyiro (1981) consider arterial
blood collection in calves under common conditions to be very problematic, even the
collection from the navel artery.
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Several authors related values of blood gases to the position of animals during the
collection. Accordingto Adams et al. (1991), in calves up to the age three weeks, the most
useful method isthedirect puncture of a. brachialisinthelateral lying position. Ontheother
hand, Stewart et al. (1984) consider this method unsuitable because it may lead to
adecrease in pO, values by up to 4 kPa compared with collection from standing animals.
Similar findingsindairy cowswerereported by Wagner etal. (1990). Adams etal. (1991)
recorded significant changes in BG values in the arterial blood of some calves kept in
alateral position for over 10 min during the blood collection. The authors emphasisethat the
major disadvantage of their methods of collection is the need to bear the calves down and
keeptheminthelateral position. Moreover, to obtain the correct valuesof BG, arterial blood
collection should be done as early as possible after achieving the desired position of the
animal. According to Muylle et a. (1996) and our experiences, this puncture is aso
possiblein older calves, but restraintismoredifficult. Similar experiencesarereported about
blood collection from a. saphena. On the basis of our experiences and results obtained
during the collection of blood from a. brachialisand a. saphenawe can confirmthat restraint
inthelateral position requiresincreased demandson handling theanimals. Calvesresent this
position, which leadsto difficultiesin thelocalization and puncturing of the arteries, despite
their subcutaneous location. The aforementioned factors may contribute to false results of
blood analysis. Following our experience with calves, we did not collect blood from a.
brachialis and a. saphena of dairy cows.

Several authors consider collection of blood from a. auricularis caudalisuseful, reliable,
and suitable both in calves and adult cattle (Oakley et a. 1980; Fischer et a. 1980). Rates of
successful samplings presented in our work indicate that blood collection from this
periphera artery with arelatively small lumen is possible without any serious problems,
both in calves and adult cattle.

Bjorkman etal. (1992) reported a. caudalis mediana asthe mostly reported only artery
accessible without surgical intervention. Collection of blood from this artery is aso
described by Gustin etal. (1988) and Collie (1990). Although thetail vein and artery run
together at horizontal plane approximately up to the 4th tail vertebra, anatomical studies
have shown some variahility in the location of these vessels, both in the horizontal and
vertical planes (Ghoshal and Getty 1967). Muylle et a. (1996) considered arterial
blood collection from a. caudalis mediana not reliabl e because of the frequent collection of
venous blood. On the basis of the rates of successful blood collection from the a. caudalis
medianaweagreewith Bienek et al. (1987), that blood collection attemptsfrom thisartery
is an easy and quick method with no risk to the animal. However, it frequently leads to
collection of venousinstead of arterial blood.

While collection of arterial blood from a. axillarisis assessed by Muylle et a. (1996)
as not useful because of the difficult finding of the artery, Fischer (1956) considers this
method suitable. However, it requires some skill. Our experience and numbers of successful
collections confirm its suitability for blood collection, particularly in calves. In older and
adult animals, this technique is more demanding or even impossible because of well-
developed muscles at the site of puncture (A dams et al. 1991).

For the collection of arterial bloodin standing cattle, Muylle etal. (1996) a so recommend
a. carotis communis (besides the media branch of a. auricularis caudalis). Blood collection
from this artery is described almost exclusively in connection with surgical relocation of the
artery, or after the insertion of a cannula. Fischer (1956) considers the direct puncture of
a. carotis communisto be difficult, not reliable, and leading to marked undesirable responses
from the animals. Because of good experience with thedirect puncture of a. carotiscommunis
in horses (Rose and Rosdal e 1981), we used this method also in cattle. The data presented
of successful collection indicate the possible use of this method in calves. In adult cattle, due
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to the thick muscles and deep location of the artery, the puncture only randomly succeeded,
and efficiency rates were much worse than those in the puncture of a. axillaris.

The collection and analysis of arterial blood are of improtance in veterinary laboratory
diagnosis. In the literature data, there are different opinions on the site and technique of
arterial blood collection. Following our experiences with arterial blood collection in 152
calves and 51 dairy cows, in routine practice and the evaluation of acid-base balance and
blood gases, we recommend collection from a. axillaris and a. auricularis caudalis. After
acquiring some skill, we consider these methods to be the most convenient and reliable.
Collections of arterial blood from a. carotis communis and a. caudalis mediana are also
possible, however, these methods are less efficient because of lower repeatability and low
successful rates. Blood collection from these arteriesis based on puncture at the place of the
expected location of the artery. Punctures of thea. brachialisand a. saphena we consider to
betheleast efficient because of thedifficult restraint of calvesinthelateral position, possible
changesin blood gases values, and low rates of successful sampling.

Vyber vhodnych artérii na odber krvi u hovidzieho dobytka pre hodnotenie
krvnych plynov a acidobazickej rovnovahy

V prici sme sa zamerali na vyber najvhodnejSich artérii pre odber krvi sa u teliat
a dojnicz aspektu vyuZitia tohto zdkroku pre hodnotenie acidobazického stavua krvnych
plynov u hovidzieho dobytka. Na zaklade anatomickych poznatkov a literdrnych tdajov
sme na tento Ucel vybrali 6 centrdlnejSie a periférnejSie od srdca prebiehajucich artérii —
a. axillaris, a. carotis communis, a. brachialis, a. saphena, a. caudalis mediana a a.
auricularis caudalis. Odbery arteridlnej krvi sme vykonali a ich tspeSnost vyhodnotili
celkom u 152 teliat a 51 dojnic. Pozornost pritom bola vzhladom k moZnym vitdlnym
vplyvom zo strany zvierat na hodnoty krvnych plynov venovana narocnosti fixécie pri
zékroku a minimalizicii stresovania zvierat, sledovali sme zdrovei aj reakcie zvierat na
zékrok. Dosiahnuté vysledky tspeSnosti punkcii artérii poukazali na to, Ze arteridlnu krv
pre dany ucel vySetreni je moZné u oboch kategérii zvierat najvhodnejSie a spolahlivo
odoberat po ziskani praktickej zru€nosti predovSetkym z a. axillaris a a. auricularis
caudalis. Punkcia a. carotis communis a a. caudalis mediana bola menej UspeSnd tak
u teliat ako aj dojnic a vzhladom k vicSej ndroCnosti zdkroku, vyraznejSich reakcii
zvierat, resp. mensej opakovatelnosti odberu sa ukazujez praktického hladiska ako menej
vyhodnd. Pre nizku dspeSnost odberu krvi a zaroven nirocnejsiu fixaciu teliat v boc¢nej
polohe s moZnostou vyraznejSiecho ovplyvnenia vysledkov hodnotenych parametrov
(predovSetkym krvnych plynov) sa odber krvi z a. brachialis a a. saphena ukazali pre nas
ako najmenej vhodné.
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Fig. 1. Puncture of a. axillarisin a 5-month-old calf

Fig. 2. Puncture of a. auricularis caudalis and arteria blood sampling into the syringein acow



Plate VII

Fig. 3. Puncture of a. coccygea and arterial blood sampling into the syringein a one-month-old calf

Fig. 4. Puncture of a. saphena and arterial blood sampling into the syringe in aone-month-old calf



