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- hypothermia and hypocapnia are common during pediatric anesthesia 

- both conditions might affect cerebral tissue oxygenation

What this article adds: 

hypothermia combined with hypocapnia, but not hypothermia alone, reduces cerebral tissue 

oxygen partial pressure

in the presence of hypothermia, decreased oxygen partial pressure of cerebral tissues may not be 

accompanied by concomitant changes in regional cerebral oxygen saturationmeasured by near-

infrared spectroscopy
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Abstract 

Background: Hypothermia and its combination with hypocapnia are frequently associated with 

anesthesia. 

Aims:The goal was to investigate the effects of hypothermia and hypothermia combined with hypocapnia 

(hypothermia-hypocapnia) on cerebral tissue oxygenation in anesthetized piglets.

Methods: Twenty anesthetized piglets were randomly allocated to hypothermia (n = 10) or hypothermia-

hypocapnia (n = 10). Cerebral monitoring comprised a tissue oxygen partial pressure (PtO2), a laser 

Doppler probe and a near-infrared spectroscopy sensor, measuring regional oxygen saturation (rSO2). 

After baseline recordings, hypothermia (35.5 – 36.0 °C) with or without hypocapnia (target PaCO2: 28 – 

30 mmHg) was induced. Once treatment goals were achieved (Tr0), they were maintained for 30 minutes 

(Tr30).

Results: No changes in PtO2 but a significant increase in rSO2 (Tr0 (mean difference 8.9[95% CI for 

difference3.99 to 13.81], P < 0.001); Tr30 (10.8[6.20 to 15.40], P < 0.001)), was detected during 

hypothermia. With hypothermia-hypocapnia a decrease in PtO2 (Tr0 (-3.2[-6.01 to -0.39], P = 0.021; Tr30 

(-3.3[-5.8 to -0.80], P = 0.006))and no significant changes in rSO2 occurred. Cerebral blood flow 

decreased significantly from baseline to Tr0 independently of treatment (-0.89[-0.18 to -0.002], P = 

0.042), but this was more consistently observed with hypothermia-hypocapnia.

Conclusions: The hypothermia-induced reduction in oxygen delivery was compensated by lowered 

metabolic demand. However, hypothermia was not able to compensate for an additional reduction in 

oxygen delivery caused by simultaneous hypocapnia. This resulted in a PtO2 drop,which was not reflected 

by a downshift in rSO2.
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Introduction

Hypothermia, hypocapnia and, consequently, their combination are the most frequent accidental 

deviations in vital signs occurring during pediatric anesthesia.1 Furthermore, both conditions are 

sometimes deliberately induced. Hypothermia is often used to reduce oxygen demand, aiming at 

neuroprotection in different intensive care conditions.2Hypocapnia produces cerebral vasoconstriction and 

is used to lower increased intracranial pressure.3 However, the neuroprotective use of hypothermia has 

been recently questioned and hypocapnia is well known to dramatically decrease cerebral blood flow 

(CBF),which might result in brain ischemia and a worsening of cerebral outcome.3-6 In addition, 

hypothermia affects the solubility of oxygen in blood. Both hypothermia and hypocapniaincrease the 

affinity of hemoglobin for oxygen, shifting the oxygen-hemoglobin dissociation curve (ODC) to the left.7 

Evidence on the consequences of accidental hypothermia and its combination with hypocapnia during 

general anesthesia in small children is scarce.8To the authors’knowledge, studies investigating the effects 

of hypothermia and hypothermia combined with hypocapnia using multi-modal monitoring of brain 

oxygenation in a pediatric laboratory model do not exist. 

The aim of the present study was to investigate the effects of hypothermia and its combination with 

hypocapnia on cerebral tissue perfusion and oxygenation in a piglet model. Our hypothesis was that 

cerebral perfusion and consequently also oxygenation would be affected by hypothermia, and that this 

would further deteriorate with concurrent hypocapnia. 

Methods

Study design

The study was approved by the local Ethics Committee for Animal Experiments (license number 

ZH175/16) and relevant aspects of the ARRIVE guidelines were followed. Twenty 4-6-week-old female 

commercial piglets were randomly allocated (by picking slips of paper out of an envelope) to 2 treatment 

groups: hypothermia and hypothermia combined with hypocapnia (hypothermia-hypocapnia). Tissue 

oxygen partial pressure (PtO2) was defined as the primary outcome variable, and sample size calculation 

revealed that 10 animals per group were necessary to show a difference in PtO2 of 10 mmHg with a 

power of 80% and a level of significance of 5%. 

Animal preparation

Piglets were transported from the breeding farm to the research facility immediately before starting the 

experiment. Anesthesia was induced using sevoflurane (Sevorane®; Abbott AG, Baar, Switzerland) in 

oxygen applied by facemask. An intravenous (IV) ear catheter was placed as soon as the piglets were 

sufficiently anesthetized and 0.2 mg kg-1of midazolam (Dormicum®; Roche Pharma, Reinach, 

Switzerland) was injected IV. Afterwards their tracheas were orally intubated and anesthesia maintained, 

using sevoflurane in oxygen and air (inspired oxygen fraction 0.21 – 0.35 to maintain hemoglobin oxygen 
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saturation (SpO2)≥ 97%) combined with midazolam 1 mg kg-1h-1 IV. All anesthesia procedures were 

performed by a single experienced veterinary anesthetist (SR) who adjusted sevoflurane concentration as 

needed. Piglets were artificially ventilated using volume-controlled ventilation with a positive end-

expiratory pressure (PEEP) of 5 cmH2O and with ventilator settings adjusted to maintain physiologic 

arterial partial pressures of carbon dioxide (PaCO2 = 35 – 45mmHg). The femoral artery was 

catheterized, using a cut down technique and used to monitor arterial blood pressure as well as to 

withdraw blood for gas, electrolyte and metabolic parameter analysis. A Ringer’s acetate infusion 

containing 1% glucose (Ringeracetatmit Glucose 1%; Bichsel, Interlaken, Switzerland) was started (5 ml 

kg-1h-1) immediately after induction and changed to glucose free Ringer’s acetate (Ringer-Acetat 

Fresenius i.v.; Fresenius Kabi AG, Oberdorf, Switzerland) if blood glucose level was > 6 mmol L-1. 

Hypoglycemia (blood glucose < 3 mmol L-1) was corrected using IV boli of 50% glucose solution 

(Glucose-Lösung 50%; AlleMan Pharma GmbH, Pfullingen, Germany). 

Undesired hypotension (mean arterial blood pressure (MAP) < 50 mmHg) was treated by administering 

norepinephrine (Noradrenaline Sintetica, Sintetica S.A., Mendrisio, Switzerland) infusion (started at 0.03 

mcg kg-1min-1 and adapted to effect). Piglets were kept normothermic (38.4 - 39.5 °C) during induction of 

anesthesia and instrumentation by active warming if necessary. 

Cerebral monitoring

Piglets were instrumented with two craniotomy bolts placed into the frontal bone as described elsewhere.8 

The procedure was always done by the same operator (NGC) and only after providing additional 

analgesia by an IV bolus dose of fentanyl (10 mcg kg-1) (Sintenyl; Sintetica SA, Mendrisio, Switzerland) 

and local infiltration with lidocaine 0.1 ml (Lidocain HCL 2%, Grosse Apotheke Dr. G. Bichsel AG, 

Interlaken, Switzerland) and bupivacaine 0.1 ml (Carbostesin 0.5%; AstraZeneca AG, Zug, Switzerland). 

A PtO2 (CC1SB probe, Integra®, Sophia Antipolis Cedex, France) and a laser doppler probe (tissue blood 

flow measurement) (VP4 needle probe 0.8 mm diameter 80 mm length, Moor Instruments GmbH, Sinzig, 

Germany) were advanced through the craniotomy bolts into the frontal white matter. A near-infrared 

spectroscopy (NIRS) sensor (OxyAlert® NIRSensor Neonatal, Medtronic AG, Münchenbuchsee, 

Switzerland) was placed over the skin immediately caudally/posteriorly to the intracerebral probes to 

measure regional cerebral oxygen saturation (rSO2).In order to minimize contamination from extracranial 

tissue, the NIRS sensor was positioned on the basis of computer tomography images obtained from a 

previous experiment to be appropriate for brain tissue sampling. 8Accordingly, the NIRS sensor was 

placed on the skin caudally to the cerebral probes and cranially to the base of the ears.9

Physiologic monitoring 

Monitoring comprised,in pulseoximetry, measurement of the composition of expired gases, spirometry, 

ECG, invasive blood pressure measurement and rectal temperature via a multiparameter monitor 

(DatexOhmeda S5 Carescape, Anandic Medical Systems AG, Diessenhofen, Switzerland). Cerebral blood 

flow measured by laser Doppler technique (moorVMSTM-laser Doppler blood flow monitor, Moor 

Instruments GmbH, Sinzig, Germany), PtO2 (Licox® Brain Tissue Oxygen Monitoring, Integra®, Sophia 
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Antipolis Cedex, France) and rSO2 (INVOSTM 5100C Cerebral/Somatic Oximeter, Medtronic AG, 

Münchenbuchsee, Switzerland) were also monitored continuously. Additionally, extended arterial blood 

gas analysis [hemoglobin (Hb), lactate, glucose, partial pressure of oxygen (PaO2) and carbon dioxide 

(PaCO2), pH, bicarbonate (HCO3) and base excess BE (ecf)] were done at baseline (B), once treatment 

goals were achieved (Tr0), at 30 minutes of stable treatment (Tr30) and after returning to normothermia 

(Normo) (RAPIDPoint® 500; Siemens Healthcare Diagnostics AG, Zurich, Switzerland). Blood gases 

were corrected for body temperature (pH-stat approach). An additional analysis was done in the 

hypothermia-hypocapnia treatment group 20 minutes after starting hyperventilation to control and/or 

adjust PaCO2.

Study protocol

Baseline measurements (B) were done once stable values were obtained, but at the earliest 2 hours after 

placing the PtO2 probe (minimal device warming/equilibration period). Afterwards, hypothermia was 

induced by removing any cover, switching off the warming blankets and by starting a fan directed 

towards the body of the piglet. Starting at the same time, hypocapnia was induced in the hypothermia-

hypocapnia group over 20 minutes by hyperventilation. Treatment 0 (Tr0) was considered once target 

temperature (35.5 – 36.0 °C) (hypothermia) and PaCO2 (28 – 30 mmHg) in the hypothermia-hypocapnia 

group were achieved. These were kept stable for 30 minutes (Tr30). Afterwards rewarming started by 

covering the piglets and by starting the water warming blanket (T/Pump Professional Gaymar; Nufer 

Medical AG, Bern, Switzerland) and the air warming system (Warm Air Hyperthermia System CSZ; 

Aotec AG, Baar, Switzerland). Last data were collected once normothermia was regained (38.4-39.5 °C) 

(Normo). Afterwards piglets were euthanized using an IV euthanasia solution (T61 ad us. Vet. MSD 

Animal Health GmbH, Lucerne, Switzerland) while still anaesthetized.

Statistical Analysis

Data were analyzed at B, Tr0, Tr30, and Normo using IBM® SPSS® Statistics Version 22 (IBM Corp; 

Armonk, NY, USA) and Graph Pad Prism 5 for Mac OS X software (GraphPad Software, La Jolla 

California, USA). Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test for normality 

distribution. An unpaired t-test was used to compare the two treatments regarding age, weight and 

anesthesia duration. Repeated measures mixed ANOVA followed by Bonferroni post-hoc tests were used 

to investigate changes over time and between groups. All data are presented as mean (SD) or mean 

difference [95% CI for difference]. A P < 0.05 was considered statistically significant.

Results

No significant differences between groups were detected for age, body weight, breed and duration of 

anesthesia (Table 1). Also, no differences in cardiovascular function were observed between the two 
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groups. One animal in the hypothermia and two in the hypothermia-hypocapnia group needed continuous 

noradrenaline infusion even before initiating treatment, and all except two piglets (1 hypothermia, 1 

hypothermia-hypocapnia) needed noradrenaline to maintain normotension while 

hypothermic/hypothermic-hypocapnic. During rewarming, noradrenaline could be stopped in 3 animals in 

the hypothermia and two in the hypothermia-hypocapnia group. One animal in each group never needed 

noradrenaline. Three (1 hypothermia; 2 hypothermia-hypocapnia) piglets needed repeated boli of glucose 

to maintain normoglycemia. A significant effect of time but not treatment was detected for end-tidal 

sevoflurane (P = 0.044) and PaO2 (P = 0.008) (Table 2). However, no significant differences from B were 

detected when individual time points were compared. 

Complete data for PtO2, rSO2 and CBF are presented in Supplement 1. A significant interaction time x 

treatment was detected for PtO2 and rSO2 (Fig. 1). While an upward trend in brain PtO2 was observed 

during hypothermia alone, a significant decrease was detected when hypocapnia was added 

(hypothermia-hypocapnia) (Tr0 (-3.2 [-6.01 to -0.39], P = 0.021); Tr30 (-3.3 [-5.8 to -0.80], P = 0.006)). 

A tendency to higher PtO2 values with hypothermia compared to hypothermia-hypocapnia was identified 

at Tr0 (6.5[-0.71 to 13.71],P = 0.074) and Tr30 (6.3[-0.85 to 13.45],P = 0.08).  Regional cerebral oxygen 

saturation increased significantly during hypothermia alone(Tr0 (8.9[3.99 to 13.81], P < 0.001); Tr30 

(10.8[6.20to15.40],P < 0.001)) and returned to baseline values during rewarming. With hypothermia-

hypocapnia an increase in rSO2 was only detected once normothermia was regained (Normo (7.1 [1.41 to 

12.80], P = 0.01). No differences between groups were detected for rSO2 at the individual time points. 

Tissue CBF decreased significantly independently of treatment between B and Tr0 (-0.89[-0.18 to -

0.002], P = 0.042) (Fig. 1). However, when looking at the raw data, only 4/10 piglets showed a reduction 

in CBF during hypothermia alone, and overall, the decrease was more profound with hypothermia-

hypocapnia.

Independently of group allocation, HR decreased during treatment (Tr0 (-8.5 [-14.83 to -2.18], P = 

0.005); Tr30 (-7.3 [-14.55 to -0.05], P = 0.048)) and remained lower compared to B (normoT (-7.9[-13.38 

to -2.42], P = 0.003) (Fig. 2). Hemoglobin increased significantly during Tr0(0.2 [0.03 to 0.41], P = 

0.021)and Tr30(0.33 [0.17 to 0.49]; P < 0.001)independent of treatment and returned to baseline 

afterwards in both groups (Fig 2). 

Extended arterial blood gas analysis results are presented in Table 2. Blood pH was significantly 

increased during hypothermia-hypocapnia, with values being significantly higher compared to 

hypothermia alone. No changes in pH over time were detected for hypothermia. A significant interaction 

time x treatment was detected for lactate (P < 0.001), however no differences between the treatments 

were detected at any time point. Lactate decreased significantly over time with hypothermia alone. With 

hypothermia-hypocapnia no differences from B were detected, however there was a significant decrease 

in lactate during rewarming. 
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Discussion

Maintenance of cerebral tissue oxygenation is complex. It depends on oxygen delivery (tissue perfusion, 

oxygen content in circulating blood, dissociation of oxygen from hemoglobin and diffusion into brain 

tissue)and consumption (i.e. high or low metabolic rate of cerebral tissue).10Due to its complexity, the 

multi-modal monitoring of brain oxygenation is recommended for detailed investigation.11 The present 

study used combined monitoring of invasive CBF and tissue oxygen measurements with non-invasive 

NIRS to investigate the effect of hypothermia and its combination with hypocapnia on intracerebral tissue 

perfusion and oxygenation, while keeping other vital sign parameters stable.The studyrepresents part of a 

large research program investigating the effects of hypotension, hypocapnia, hypothermia and anemia on 

cerebral tissue oxygenation in a pediatric piglet model.8,9

The main findings of the present study were that intracerebral tissue perfusion decreased during 

hypothermia with and without hypocapnia. The combination of hypothermia-hypocapnia was 

accompanied by a decrease in PtO2 and no changes in rSO2, while an increase in rSO2 with no significant 

changes in PtO2 was observed with hypothermia alone. In addition, hypothermia had negative effects on 

cardiovascular function as shown by a decrease in HR, and by some animals needing noradrenaline 

exclusively during the hypothermic period.12

Hypothermia

In agreement with previous investigations the present study shows a decrease in CBF during 

hypothermia.13,14 However, despite statistical significance, this was observed in only 4 out of 10 piglets 

subjected to hypothermia without hypocapnia. The decrease in CBF can be explained by a reduction in 

HR with associated systemic reduction of cardiac output and an increase in cerebral vascular resistance 

during hypothermia.14 However, despite a decrease in CBF, no concomitant reduction in ptO2 was 

detected during hypothermia alone.  Reports regarding the influence of hypothermia on PtO2 are 

conflicting, and discrepancies could be related to differences in the severity of hypothermia and/or 

concomitant deviations in other vital parameters and homeostatic factors.15-17 Brain tissue oxygen (ptO2) 

is not only affected by tissue perfusion, but reflects the net effect of oxygen delivery (DO2), diffusion and 

consumption (VO2).18 Oxygen delivery to the brain is affected by tissue perfusion and the oxygen content 

of blood (CaO2), which results from the amount of Hb, rheology, the arterial partial pressure of oxygen 

(PaO2) and hemoglobin oxygen saturation (SaO2). Although an increase in Hb was detected during 

hypothermia, presumably due to hypothermia induced changes in vascular permeability and 

diuresis,19mean changes in Hb were smaller than 1 g L-1 and therefore considered clinically irrelevant and 

minimal in affecting DO2. Hypothermia shifts the oxygen dissociation curve to the left, leading to tighter 

binding of oxygen to Hb and increases gas solubility, leading to lower PaO2 in the blood. Together these 

two factors decrease diffusion of oxygen and consequently reduce its availability to tissue. However, 

despite a lower diffusion of oxygen to the tissue and a reduction in CBF during hypothermia, no decrease 
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in PtO2 was observed; this is explained by reduced VO2 due to hypothermia-related diminished 

metabolism.14 Fittingly, an increase in rSO2 was observed during hypothermia. This is likely due to less 

oxygen dissociating from Hb during hypothermia.5In other words, while PtO2 remained stable due to 

local balance of oxygen delivery and consumption, rSO2 increased because of increased oxygen binding 

to hemoglobin during hypothermia. The opposite trend observed for rSO2 and PtO2 during hypothermia 

can be explained by the fact that rSO2 mainly represents the oxygenation state of intravascular venous 

blood, and thereby the cerebral oxygen extraction ratio rather than cerebral tissue oxygenation itself.It 

should also be note that PtO2 and rSO2are absolute and relative measurements of oxygenation, 

respectively and subtle changings in one variable may not be detected in the other.

Hypothermia combined with hypocapnia

Contrary to hypothermia alone, hypothermia with additional hypocapnia led to a significant decrease in 

PtO2. This is in accordance with previous reports showing a decrease in ICP but also in PtO2 when mild 

hypothermia was combined with hypocapnia in humans suffering severe traumatic brain injury.20 

Unfortunately, the latter study does not provide rSO2 data. The effect of isolated hypocapnia on PtO2 has 

been investigated by various authors.10,21-25 Additionally, our group recently investigated the effects of 

isolated hypocapnia on CBF, PtO2 and rSO2 using the same piglet model as in the present study.9 The 

results showed that hypocapnia reduces CBF and PtO2 without detectable changes in rSO2. Decreased 

CBF due to vasoconstriction, reduced oxygen release from hemoglobinby left-shifting of the 

oxyhemoglobin dissociation curve, and excessive neuronal excitability leading to increased oxygen 

demands have been described as contributing to the decrease in PtO2 during hypocapnia.26 All three 

mechanisms might have contributed to the decrease in PtO2 observed with hypothermia-hypocapnia in the 

present study. Simultaneous hypothermia-induced reduction of metabolic demand could not compensate 

for the reduction in PtO2 caused by hypocapnia. Again, rSO2 was not able to reflect tissue hypoxia for the 

reasons given above.

Our findings suggest that hypothermia defined as 3°C below physiologic temperature has no 

negativeeffects (i.e. disturbed equilibrium) on oxygen balance in the brain. However, simultaneous 

deviations in metabolic homoeostasis such as hypocapnia can potentially decrease PtO2 without showing 

alterations in rSO2 as measured by NIRS in hypothermic subjects. This can mislead clinicians into 

overestimate brain oxygenation, thus running the risk of missing tissue hypoxia or its detection only at 

more severe levels. This might be especially relevant for subjects with a vulnerable central nervous 

system, where low PtO2 has been associated with an increased risk of death or bad outcome.5

The study has some limitations that need to be addressed.  First of all, piglets were used because they 

seem to be an appropriate animal model to investigate anesthesia-associated brain complications,27, 28 and 

because it would have been unethical to perform such a study in children. A further limitation of the study 

is that all animals were female, since male animals had to be excluded from the study as they had already 

undergone anesthesia for castration. A final limitation is that rectal temperature was measured instead of 
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brain temperature. Although a combined ptO2-temperature probe from the same manufacturer is 

available, temperature measurement was not reliable. This is due to the small size of the animal’s brain, 

impeding full advancement of the probe into brain tissue and leading to cooling of the probe by the 

surrounding metallic bolt. Therefore, PtO2 measurements were corrected by manually entering and 

constantly updating the body temperature on the Licox® device.Temperature goals for hypothermia were 

chosen based on the definition of hypothermia in human medicine (< 36°C), however it should be 

considered that piglets have a higher physiologic body temperature.Finally, it needs to be remembered 

that PtO2 is not an ischemiamonitor,but is considered to reflect the balance between oxygen delivery and 

demand at tissue level.11Integration of brain chemistry (microdialysis) in the present study would have 

been helpful to further investigate adequacy of cerebral oxygenation. Furthermore, post-mortem histology 

or behavioural studies after recovery form anaesthesia could have helped providing further information 

about the clinical consequences of the observed changes and should be taken into consideration when 

planning future trials. 

To conclude hypothermia-induced reduction in CBF and an increase in oxygen binding of hemoglobin 

was compensated by a lowered metabolic demand, as indicated by no reduction in PtO2. However, 

hypothermia was unable to compensate for a decrease in PtO2 caused by simultaneous hypocapnia. 

Furthermore, when relying on regional cerebral oxygenation monitoring only, hypothermia can even 

mask a decrease in PtO2. 
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Table 1: Demographic data (mean (SD)) of 20 piglets randomly allocated to two groups: hypothermia 

and hypothermia combined with hypocapnia (hypothermia-hypocapnia).

Hypothermia Hypothermia-hypocapnia

Number of animals 10 10

Age (days) 33.8 (1.41) 34.3 (1.42)

Body weight (kg) 6.7 (0.28) 6.4 (0.31)

Time induction to T0 (min) 216.5 (13.33) 205.4 (4.40)

Time induction to normo 

(min)

323.4 (6.31) 312.3 (7.22)

Breed

   Swiss Landrace (SL) 5 5

   Large White (LW) x SL

   (LW x SL) x Duroc

0

5

1

4

Table 2:Mean (SD) values for inspired fraction of oxygen (FiO2), arterial blood gases, blood lactate, and 

end-tidal sevoflurane (ETsevo) of 20 anaesthetized piglets divided into two treatment groups: 

hypothermiaand hypothermia combined with hypocapnia (hypothermia-hypocapnia). 

B Tr0 Tr30 Normo

FiO2

Hypothermia 0.28 (0.03) 0.29 (0.02) 0.29 (0.02) 0.28 (0.02)
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    Hypothermia-hypocapnia 0.28 (0.02) 0.28 (0.02) 0.28 (0.02) 0.29 (0.02)

PaO2 (mmHg)

Hypothermia 123.8 (13.16) 127.8 (16.16) 124.9 (14.53) 118.0 (12.51)

Hypothermia-hypocapnia 115.9(7.61) 124.8 (13.64) 124.5 (13.77) 118.4 (9.92)

PaCO2 (mmHg)

Hypothermia 39.4 (2.88) 38.8 (1.81) 37.2 (1.81) 40.3 (1.25)

Hypothermia-hypocapnia 41.3 (3.95) 29.2 (1.69) 27.7 (2.11) 39.6 (5.87)

pH

Hypothermia 7.48 (0.05) 7.50 (0.04) 7.51 (0.04) 7.49 (0.03)

Hypothermia-hypocapnia 7.45 (0.05) 7.57 (0.05)°,* 7.60 (0.03)°,* 7.47 (0.04)

HCO3
- (mmol L-1)

Hypothermia 29.1 (3.35) 29.7 (2.63) 29.8 (3.19) 30.3 (2.75)

Hypothermia-hypocapnia 28.0 (2.58) 28.9 (2.56) 29.6 (2.95) ° 28.8 (2.62)

BE (mmol L-1)

Hypothermia 5.2 (3.76) 6.0 (3.07) 5.9 (3.70) X 6.7 (2.96)

Hypothermia-hypocapnia 4.1 (2.99) 4.6 (2.92) 5.1 (3.46) X 4.8 (3.10)

PaO2/ FiO2 (mmHg)

Hypothermia 450.8 (40.28) 446.5 (41.01) 436.5 (37.48) 426.0 (33.99)

Hypothermia-hypocapnia 419.1 (42.18) 445.8 (41.68) 443.3 (43.8) 420.4 (32.19)

Lactate (mmol L-1)

Hypothermia 1.8 (0.67) 1.7 (0.67) ° 1.5 (0.63) ° 1.2 (0.42) °

Hypothermia-hypocapnia 1.7 (0.48) 1.9 (0.44) 1.8 (0.47) 1.3 (0.35) °

ETsevo (%)

Hypothermia 5.0 (0.57) 5.0 (0.49) 5.0 (0.47) 5.1 (0.47)

Hypothermia-hypocapnia 5.0 (0.39) 5.0 (0.45) 5.1 (0.47) 5.2 (0.49)
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B: baseline, Tr0: achievement of temperature and PaCO2 goals, Tr0-Tr30: maintenance of temperature 

and PaCO2 goals, Normo: normothermia regained.

PaO2 and PaCO2: arterial partial pressure of oxygen and carbon dioxide, HCO3
-: bicarbonate, BE: base 

excess.

° significantly different compared to baseline of the same group, X significant difference to B independent 

of group, * significant difference between treatments. P < 0.05. No statistical test applied to PaO2/ FiO2 

and PaCO2.

Figure captions:

Figure 1: Mean (SD) values for brain tissue oxygen partial pressure (PtO2), regional cerebral oxygen 

saturation (rSO2), and laser Doppler flow (normalized flow = divided by the baseline value) of 20 piglets 

anaesthetized with sevoflurane-midazolam and divided into two groups: hypothermia (rectal temperature 

= 35.5 – 36.0 °C, n = 10) and hypothermia combined with hypocapnia (hypothermia-hypocapnia; rectal 

temperature = 35.5 – 36.0 °C and arterial partial pressure (PaCO2)=28 – 30mmHg, n = 10). B: baseline, 

Tr0: achievement of temperature and PaCO2 goals, Tr0-Tr30: maintenance of temperature and PaCO2 

goals, Normo: normothermia (38.4-39.5 °C) regained.

° significantly different compared to B of the same group (blue dots: HypoT; white: HypoT-HC). P < 

0.05. 

X significant difference from B independent of group. P < 0.05.

Figure 2: Mean (SD) values for heart rate (HR) and hemoglobin (Hb) of 20 piglets anaesthetized with 

sevoflurane-midazolam and divided into two treatment groups: hypothermia (rectal temperature = 35.5 – 

36.0 °C, n = 10) and hypothermia combined with hypocapnia (hypothermia-hypocapnia; rectal 

temperature = 35.5 – 36.0 °C and arterial partial pressure (PaCO2)=28 – 30 mmHg, n = 10). B: baseline, 

Tr0: achievement of temperature and PaCO2 goals, Tr0-Tr30: maintenance of temperature and PaCO2 

goals, Normo: normothermia (38.4-39.5 °C) regained.

X significant difference to B independent of group. P < 0.05. A
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