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Summary
Blood lactate is a parameter used for monitoring pigs during prolonged anaesthesia. Here we
compared blood lactate and glucose concentrations in nine anaesthetised laboratory pigs. Seventeen of the samples originated from a liver project and 15 from a kidney project. Mean and
standard deviations of arterial blood lactate and glucose were compared with values for portal,
renal and femoral veins by using paired Student’s t-test, paired Wilcoxon test as well as Spearman rank-order correlation. The study showed that lactate concentration was constant whether
measured in blood from the femoral artery, portal vein, renal vein or femoral vein. The study
showed that the origin of the blood sampled is not important and that changes in blood lactate
concentration are likely to be the same throughout the cardiovascular system in healthy pigs.

Introduction
Pigs are increasingly used as experimental animals
in pre-clinical research, and one of the advantages
in using pigs is that they can be kept anaesthetised
for up to 18 hours (Alstrup et al. 2020). Periods of
more than 8 hours of anaesthesia are needed in
scan studies and in many intervention studies performed as non-recovery. However, due to scientific
and animal welfare reasons it is necessary to monitor
their physiology during experimentation (Alstrup et
al. 2018). During anaesthesia, blood lactate concentration is measured using conventional laboratory
equipment, such as an ABL blood analyser, and it is
therefore analysed without extra costs. In humans,
blood lactate is used as a marker of hypoxia and as
an indicator for poorly performed anaesthesia during
surgery (O´Connor and Fraser 2012). In pigs, lactate
is also used to evaluate anaesthesia and protocol, as
elevated values should give rise to a critical review
of procedures (Alstrup et al. 2020). However, relatively few studies with blood lactate measurements
have been performed in pigs (Yang et al. 2012; Hof-

maier et al. 2013; Alstrup 2016) and, there is still a
need for more knowledge about blood lactate in relation to pig anaesthesia. Major differences in blood
lactate concentration exist among different breeds
of pigs (Hofmaier et al. 2013; Alstrup 2016). Interestingly, a single study has shown that blood lactate
concentration is relatively stable during anaesthesia
for up to 14 hours in the laboratory, while it increases 5-fold during road transportation of anesthetized
pigs (Alstrup et al. 2020). In all these studies, blood
lactate was measured in various blood vessels. No pig
study has ever investigated the importance of where
the blood samples were taken. In human studies,
arterial blood is considered to be the gold standard
for lactate measurement, but venous blood is often
used for practical reasons, and a few studies have
shown a good correlation between arterial and central venous lactate concentration in humans (Weil et
al. 1987; Mahmoodpoor et al. 2020). Arterial blood
is constant in its concentration of lactate, but minor
variations may occur in venous blood concentra-
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tions (Younger et al. 1996; Cengiz and Tamborlane
2009). Also in resting mice, there is good agreement
between arterial and venous measurements of lactate
(Felippe et al. 2017). However, a single study performed in anesthetized sheep has shown that blood
lactate was higher in venous than in arterial blood
(Mathews et al. 2014). We therefore investigated
whether differences in blood lactate concentrations
exist in blood sampled from a variety of blood vessels (femoral arterial, portal vein, renal vein or femoral vein) in laboratory pigs. For comparison, blood
glucose was also measured since these two parameters, lactate and glucose, are closely related. Lactate
is the end product of anaerobic glycolysis formed by
glucose degradation under hypoxic conditions. Our
hypothesis is that lactate measured in blood taken
from different blood vessels gives similar values in
healthy pigs.

by Alstrup and Winterdahl (2009). Anaesthesia was
adjusted if the pulse suddenly changed, oxygen saturation decreased below 92 % or body temperature
was outside the reference range 38.7-40.0 °C. Blood
was handled in heparinized syringes according to a
previous study performed on porcine blood (Olsen
2003), before being analysed by an automated clinical chemistry unit (ABL 550, Radiometer, Denmark).
Only blood lactate and blood glucose concentrations
are shown here; blood gases were also measured in
order to adjust the anaesthesia (partial pressure of
carbon dioxide: 5.3-7.0 kPa and partial pressure of
oxygen: 12-25 kPa). At the end of the study, all pigs
were euthanised with an overdose of phenobarbital
(100 mg/kg, IV).
Arterial blood is considered the gold standard
for lactate measurement as it is constant irrespective
of the arterial sampling site (Younger et al. 1996).
Therefore, mean and standard deviations of arterial
blood lactate and glucose were calculated as a baseline with which measurements from each of the three
venous vessels (portal, renal and femoral veins) were
compared using the paired Student’s t-test and Wilcoxon Signed-Rank Test. We also calculated Spearman rank-order correlations. All data were consistent with a normal distribution based on a graphical
distribution. The level of statistical significance was
set as p < 0.05.

Material and methods
We examined the medical records of nine pigs that
underwent anaesthesia and imaging studies in 2016
(kidney project; N = 5) and 2018 (liver project;
N = 4); all were approved by the Danish Experimental Animal Inspectorate (Licence number:
2014−15−2934−01026). Blood was sampled from
approximately 40 kg (36 kg – 41 kg) female Danish
Landrace-Yorkshire crossbreds. They were raised in a
specific pathogen free
(SPF) facility and were fed a restricted pellet
diet (Svin Foder VAK, Danish Agro, Denmark) with
tap-water available ad libitum. The pigs were grouphoused and acclimatized for at least one week prior
to the experiments. The light period was 12:12 hours,
the room temperature 20 °C and humidity 51 %. The
pigs were fasted overnight before anaesthesia: premedication with 6.3 mg/kg ketamine and 1.3 mg/
kg midazolam IM, induction and maintained with
infusion of approximately 10 mg/kg/h propofol IV.
The pigs were intubated and mechanically ventilated
(approximately 15/min x 8 ml/kg) during the procedures.
Catheters were surgically (Ettrup et al. 2011)
placed in the femoral artery, portal vein, renal vein
and femoral vein. From each pig, 1-6 paired samples
were taken from two (liver project) or three blood
(kidney project) vessels simultaneously during anaesthesia which lasted for up to 12 hours. The first blood
samples were taken after acclimatisation for at least
an hour after finishing the surgical placing of catheters. Pulse, oxygen saturation and body temperature
were monitored during the scanning as described

Results
Results are shown in Table 1. Blood lactate and glucose were measured in 32 paired blood samples from
the femoral artery, portal vein, renal vein and femoral vein from the nine pigs. In the femoral artery,
all blood lactate and glucose concentrations were
within the reference range seen in previous studies
on domestic pigs (Alstrup 2016). For both the blood
lactate and glucose concentrations, none of the three
venous blood vessels (portal, renal and femoral) differed from the femoral artery values, with all p-values being very high (p > 0.5). Spearman rank-order
correlations were between 0.97 and 1.00 for lactate
and over 0.70 for glucose.

Discussion
Our findings showed that both blood lactate and
blood glucose concentrations sampled from three different veins reflected the general lactate and glucose
concentrations in arterial blood during anaesthesia
of healthy adult pigs. In particular, the correlation
(0.97 or higher) was high for lactate concentration.
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Table 1: Blood lactate and blood glucose concentrations in pigs during anaesthesia.
Sampling site

Parameter

Femoral artery
- Mean ± SD
Portal vein
- Mean ± SD
Renal vein
- Mean ± SD
Femoral vein
- Mean ± SD

Lactate
Glucose
Lactate
Glucose
Lactate
Glucose
Lactate
Glucose

Liver project
(4 pigs, 17 samples)
0.8 ± 0.2 mmol/l
4.2 ± 0.6 mmol/l
0.8 ± 0.2 mmol/l Cs=0.97
4.2 ± 1.4 mmol/l Cs=0.93
ND
ND
ND
ND

Kidney project
(5 pigs, 15 samples)
0.6 ± 0.2 mmol/l
6.1 ± 1.1 mmol/l
ND
ND
0.6 ± 0.3 mmol/l Cs=0.99
6.0 ± 0.7 mmol/l Cs=0.71
0.6 ± 0.5 mmol/l Cs>0.99
6.4 ± 1.3 mmol/l Cs=0.94

ND: not done. No significant (p<0.05) differences from femoral artery were found based on paired Student´s t-tests and
Wilcoxon Signed-Rank Test. Cs: Spearman rank order correlation.

It is therefore not necessary, in practice, to measure
blood lactate from several catheters simultaneously
during many surgical procedures. This is similar to
clinical studies, despite slight differences indicating
marginally higher venous lactate values in humans
(Younger et al. 1996). Also, as mentioned earlier,
similar concentrations of blood lactate are measured
in arterial and venous blood from resting mice, while
in anesthetized sheep higher venous values are seen
(Mathews et al. 2014; Felippe et al. 2017). The pig
therefore appears to resemble the mouse and man in
this respect. We did not find a difference in glucose
between arterial and venous blood in our pig measurements, which is surprising as venous blood usually contains 0.17-0.28 mmol/l less glucose than arterial blood in humans (Cengiz and Tamborlane 2009).
This could be explained by the fact that for at least 16
hours prior to anaesthesia the pigs were fasting, which
is known to stabilize blood glucose (Cengiz and
Tamborlane 2009). The correlation between venous
and arterial blood was lower (0.71-0.94) for glucose
concentration than for lactate. It could be speculated that blood glucose would have been higher in the
portal blood post prandially, but this was not tested
in our pigs. None of the pigs had lactate measured
in blood samples taken from the ear vein. Ear vein
blood is easier to measure in pigs when no catheters
have been surgically inserted into the blood vessels.

Limitations: The study was only performed on
healthy pigs that had a normal blood lactate concentration. Therefore, this limits the use of the results
for studies with elevated lactate values, for example,
in disease models. However, it is still possible that
elevated levels of lactate could be observed simultaneously in central and peripheral blood vessels,
as shown for patients with sepsis (Velissaris et al.
2019). As a concluding comment, it should also be
mentioned that we used all available data from our
laboratory in this study. The number of animals was
therefore not determined from power calculations,
but still represents typical numbers of pigs used for
surgery and scanning studies. Thus, the study cannot
document that there are no differences in arterial
and venous blood lactate concentration in pigs, but
simply shows that during typical experimental setups
the measurements will be comparable.

Conclusion
Based on the above results we conclude that in
healthy adult pigs there was no significant difference
in concentrations of lactate or glucose whether measured from central arterial or venous blood.

Conflict of interest
The authors declared no potential conflict of interest.

– 14 –

sjlas

2021, Volume 47, Number 2

Mahmoodpoor, A., Shadvar, K., Sanaie, S., Golzari, S.E.J.,
Parthvi, R., Hamishehkar, H., Nader, N.D., (2020). Arterial vs venous lactate: Correlation and predictive value of
mortality of patients with sepsis during early resuscitation
phase. Journal of Critical Care. 58, 118-124.

References
Alstrup, A.K.O., (2016). Blood lactate concentrations in
Göttingen minipigs compared with domestic pigs. Journal
of American Association of Laboratory Animal Science. 55,
18-20.

Mathews, L.A., Barletta, M., Almeida, D.C., Graham, L.F.,
Quandt, J.E., (2014). Evaluation of serial venous and arterial lactate concentrations in healthy anesthetized sheep
undergoing ovariectomy. Veterinary Anaesthesia and Analgesia. 41, 498-505.

Alstrup, A.K.O., Afzelius, P.M., Jensen, S.B., Leifsson, P.S.,
Wegener, K.M., Nielsen, O.L., (2020). Effects of Long-term
Anesthesia, blood sampling, transportation, and infection
status on hearts and brains in pigs inoculated with Staphylococcus aureus and used for imaging studies. Journal of
American Association of Laboratory Animal Science. 59,
74-84.

O´Connor, E., Fraser, J.F., (2012). The interpretation of
perioperative lactate abnormalities in patients undergoing
cardiac surgery. Anesthesia and Intensive Care. 80, 130132.

Alstrup, A.K.O., Zois, N.E., Simonsen, M., Munk, O.L.,
(2018). Monitoring variables affecting positron emission tomography measurements of cerebral blood flow in
anaesthetized pigs. Acta Veterinaria Scandinavica. 60, 17.

Olsen, A.K., (2003). Short-term effects of storage time and
temperature on pH, pCO2 and pO2 in porcine arterial
blood. Scandinavian Journal of Laboratory Animal Science.
4, 197-201.

Alstrup, A.K.O, Winterdahl, M. (2009). Imaging techniques in large animals. Scandinavian Journal of Laboratory Animal Science. 36, 55-66.

Velissaris, D., Karamouzos, V., Pantzaris, N.D., Kyriakopoulou, O., Gogos, C., Karanikolas, M., (2019). Relation Between Central Venous, Peripheral Venous and
Arterial Lactate Levels in Patients With Sepsis in the
Emergency Department. Journal of Clinical Medicine
Research. 11, 629-634.

Cengiz, E., Tamborlane, W.V., (2009). A tale of two compartments: Interstitial versus blood glucose monitoring.
Diabetes Techology and Therapeuts. 11, 11-16.
Ettrup, K.S., Glud, A.N., Orlowski, D., Fitting, L.M., Meier,
K., Soerensen, J.C., Bjarkam, C.R., Alstrup, A.K.O., (2011).
Basic surgical techniques in the Göttingen minipig: intubation, bladder catheterization, femoral vessel catheterization, and transcardial perfusion. Journal of Visualisated
Experimentation. 52, 1-5.

Weil, M.H., Michaels, S., Rackow, E.C., (1987). Comparison of blood lactate concentrations in central venous, pulmonary artery, and arterial blood. Critical Care Medicine.
15, 489-490.
Yang, X., Liu, R., Albrecht, E., Dong, X., Maak, S., Zhao,
R., (2012). Breed-specific patterns of hepatic gluconeogenesis abd glucocorticoid action in pigs. Archiv für Terzucht.
55, 152-162.

Felippe, L.C., Ferreira, G.A., De-Oliveira, F., Pires, F.O.,
Lima-Silva, A.E., (2017). Arterialized and venous blood
lactate concentration difference during different exercise
intensities. Journal of Exercise & Fitness. 15, 22-26.

Younger, J., Falk, J., Rothrock, S., (1996). Relationship
between arterial and peripheral venous lactate levels. Academic Emergency Medicine. 3, 730-734.

Hofmaier, F., Dinger, K., Braun, R., Sterner-Kock, A.,
(2013). Range of blood lactate values in farm pigs prior to
experimental surgery. Laboratory Animals. 47, 130-132.

– 15 –

