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Experiment 1. Concentration/meditation during ice immersion
Methods

Before ice immersion, a cannula was placed in the antecubital vein to permit blood withdrawal. 30 minutes after the subject started practicing his concentration/meditation technique, an initial blood sample was obtained for cortisol determination and ex vivo stimulation experiments. Subsequently, the subject was fully immersed in ice (with the exception of his head) for 80 minutes (starting at 2.45 PM). Throughout the ice immersion, he practiced his concentration/meditation technique. Immediately after cessation of ice immersion (and the concentration/meditation period), only a very limited amount of blood could be collected due to vasoconstriction (this was only sufficient for cortisol analysis). Therefore, he subsequently took a hot shower and blood was collected 30 minutes later for cortisol determination and ex vivo stimulation experiments.

Experiment 2. Concentration/meditation without ice immersion

Methods

At 9.45 AM, a cannula was placed in the antecubital vein to permit blood withdrawal and infusion of 25 mL/hour 2.5% glucose/ 0.45% saline solution. Furthermore, a recorder for heart rate variability (HRV) registration and electroencephalography (EEG) electrodes were connected. EEG was performed to monitor vigilance and for signs of drowsiness or sleep before, during and after meditation. Heart rate was continuously monitored using a 3-lead ECG. Cuff blood pressure and tympanic temperature was measured every 30 minutes. At 10.45 AM, a baseline blood sample was obtained and subsequently, the subject started the ‘sham concentration/meditation’ period during which he watched television. After 1.5 hours, a blood sample was obtained and the subject started his concentration/meditation technique. 1.5 hours later, the final blood sample was obtained. Blood was used for ex vivo stimulation experiments and cortisol and catecholamine determination.
Results
HRV total spectral power increased considerably during concentration/meditation compared to sham  (sham concentration/meditation: 2584 ms2; concentration/meditation: 5798 ms2), but no differences in cardiac autonomic balance were observed (sham concentration/meditation: LFnu 79%, HFnu 21%; concentration/mediation: LFnu: 77%, HFnu: 23%). The EEG recording showed normal background cortical activity during baseline and sham concentration/meditation (i.e. watching tv). After 6 cycles of concentration/meditation with hyperventilation the EEG background showed slight slowing that turned in to drowsiness after the 8th cycle and a very short period of stage II sleep before the subject was woken up by ambient noise. No EEG abnormalities were found.

Experiment 3. Concentration/meditation during human endotoxemia
Methods

The study protocol was approved by the Ethics Committee of the Radboud University Nijmegen Medical Centre and complies with the Declaration of Helsinki including current revisions and the Good Clinical Practice guidelines. The subject had not been exposed to ice-immersion for more than 6 weeks before the experiment and signed written informed consent. Screening of the subject 14 days before the experiment revealed no abnormalities in medical history or upon physical examination. The subject refrained from food 12 hours before the start of the experiment, and caffeine or alcohol containing substances 24 hours before the start of the experiment. The experiment was performed at the research unit of the intensive care department, with the subject in supine position. After local anesthesia (lidocaine HCl 20 mg/ml) the radial artery was cannulated using a 20 Gauge arterial catheter and connected to an arterial pressure monitoring set. The arterial line was used for continuous monitoring of blood pressure and blood sampling. A cannula was placed in the antecubital vein to permit infusion of 2.5% glucose/ 0.45% saline solution; the subject received 1.5 L during one hour starting one hour before endotoxin infusion (prehydration), followed by 150 ml/h until 6 hours after endotoxin infusion and 75 ml/h until the end of the experiment. A recorder for HRV registration, Muscle sympathetic nerve activity (MSNA) electrodes and EEG electrodes were connected. EEG was performed to assess for possible encephalopathy during LPS infusion and monitor vigilance and for signs of drowsiness or sleep before, during and after meditation. Tympanic temperature was measured every 30 minutes. Heart rate and respiratory rate were monitored by a 3-lead ECG. Blood pressure, heart rate and respiratory rate data were stored every 30 seconds by a custom in-house developed data recording system (ICweb). 30 minutes before LPS administration (T=-0.5 hrs), the subject started concentrating/meditating for 3 hours (until T=2.5 hrs). The subject received U.S. Reference E. coli endotoxin (lipopolysaccharide; LPS derived from Escherichia coli O:113, Clinical Centre Reference Endotoxin, National Institute of Health (NIH), Bethesda, MD). Endotoxin, supplied as a lyophilized powder, was reconstituted in 5 ml saline 0.9% for injection and vortex-mixed for at least 10 minutes after reconstitution. The endotoxin solution was administered as an intravenous bolus injection at a dose of 2 ng/kg of body weight at 10.50 AM. The endotoxemia protocols for the historical cohort of 112 healthy volunteers to which the subject was compared (comparison group) were identical with the exception of practicing concentration/meditation. Only subjects who, besides endotoxin, received placebo-treatment or an intervention that had no effect on the endotoxin-induced inflammatory response were included for comparison. Neither the study subject, nor the comparison group subjects used any medication. Other exclusion criteria were: cardiovascular disease, a (family) history of cerebrovascular disease, previous vagal collapse, hypertension (Riva Rocci (RR) systolic > 160 or RR diastolic > 90 mmHg), hypotension (RR systolic < 100 or RR diastolic < 50 mmHg), renal impairment (plasma creatinine > 120 µmol/l), liver enzyme abnormalities and positive hepatitis or HIV serology. All study protocols were approved by the Ethics Committee of the Radboud University Nijmegen Medical Centre and comply with the Declaration of Helsinki including current revisions and the Good Clinical Practice guidelines. All volunteers signed written informed consent. The circadian variation in cortisol levels did not confound the comparison between the subject and the comparison group since in all endotoxemia studies LPS was administered between 10-11 AM. 

Results

Demographic characteristics of the study subject and the comparison group are listed in Supplementary Table 1. Breathing and hemodynamic pattern during the first 30 minutes of concentration/meditation are depicted in Supplementary Figure 1. The technique is characterized by cycles consisting of a few minutes of hyperventilation, resulting in respiratory alkalosis (Supplementary Table 2), followed by breath holding for up to 1-2 minutes. The subject’s technique is characterized by cycles consisting of a few minutes of hyperventilation, resulting in respiratory alkalosis (Supplementary Table 2), followed by breath holding for up to 1-2 minutes. Besides an initial increase in total spectral power and SDNN (which is the time-domain correlate of total spectral power), no clear-cut effect of concentration/meditation on HRV indices was observed (Supplementary Figure 2). The EEG showed normal cortical background activity at baseline, with an occipitoparietotemporal alpha rhythm of 8.8 - 9.3 Hz. During the first 4 hours of the experiment, including baseline, LPS infusion and meditation period afterwards, there were no signs of encephalopathy, nor a drop in vigilance shown as either drowsiness or sleep. During the subjects' concentration/meditation cycle, short periods (10-15 s) of focused attention were found in the EEG, reflected by a disappearance of the occipitoparietal alpha rhythm and diffuse irregular beta frequencies associated with cognitive activity. Quantitative EEG showed no relevant changes during the sample periods. The LPS-induced rise in body temperature was comparable to that of the comparison group (subject: 1.3 oC; comparison group: 1.6 ± 0.6 oC [mean ± SD, n=112]). The LPS-induced decrease in mean arterial pressure and increase in heart rate was similar to that of the comparison group as well. 

Supplementary Table 1: Demographic characteristics of the study subject and the comparison group of 112 previously studied healthy male volunteers.

	Parameter
	subject
	comparison group

	Age (years)
	51
	22.2 ± 0.2

	Length (cm)
	182
	184 ± 0.6

	BMI (kg/m2)
	24.8
	22.8 ± 0.2


Data are presented as mean ± SEM
Supplementary Table 2: The study subject’s blood gas parameters during human endotoxemia

	Time (hours post-LPS)
	pH
	pCO2 (kPa)

	0
	7.56
	3.1

	1
	7.57
	2.9

	2
	7.54
	3.8

	4
	7.48
	4.0

	6
	7.50
	3.7

	8
	7.46
	4.3
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Respiratory rate (A), heart rate (B) and mean arterial pressure (C) during the first 30 minutes of concentration/meditation (T=-0.5 – T=0).
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Log SDNN (A) and total spectral power (B) heart rate variability indices during experimental human endotoxemia. Data of the study subject and a subset of the comparison group (mean ± SEM, n=40) are shown.
Methods of analysis
Ex vivo stimulation experiments

Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll-Paque Plus (GE Healthcare Bio-Sciences AB, Diegem, Belgium). Cells at a concentration of 5x106/ml in RPMI 1640 medium (Dutch modification; Invitrogen, Paisley, UK), supplemented with 1mM sodium pyruvate, 2mM L-Glutamine and 50μg/ml gentamicin, were incubated in round-bottom 96-wells plates at 37 °C and 5% CO2. After 24 hrs (for TNF-α and IL-6) or 60 hrs (for IL-10) of incubation with LPS (10 ng/mL), supernatants were collected and stored at −80 °C until further analysis. For macrophage experiments, PBMCs at a concentration of 5x106/ml in the abovementioned RPMI 1640 medium, additionally containing 10% pooled human serum, were kept at 37 °C and 5% CO2. After 6 days of incubation, cells were stimulated with LPS (10 ng/mL) for 24 hrs, after which supernatants were collected and stored at  −80 °C until further analysis. All stimulation experiments were performed in duplicate. LPS (E. Coli serotype 055:B5) was purchased from Sigma-Aldrich, and an additional purification step was performed as described previously (1). 

Cortisol, catecholamine, cytokine measurements

Cortisol levels were determined in EDTA plasma using a luminometric immunoassay on a random access analyzer (Architect® i System, Abbott, Illinois, USA). The subject’s cortisol response was compared to that of a subset of the comparison group in which cortisol was determined  (n=15, NCT00513110) (2). Blood samples for catecholamine determination were collected into chilled lithium-heparin tubes and were immediately placed on ice. Plasma norepinephrine and epinephrine concentrations were measured using sensitive and specific high-performance liquid chromatography with fluorometric detection, as described previously (3). TNF-α, IL-6 and IL-10 concentrations in EDTA plasma obtained from the endotoxemia experiment of the subject and the comparison group (n=112) were measured using a simultaneous Luminex assay according to the manufacturer’s instructions (Milliplex, Millipore, Billerica, MA, USA). Concentrations of TNF-α, IL-6 and IL-10 in ex vivo stimulated cell culture supernatants were determined by commercial ELISA’s according to the manufacturer’s instructions (TNF-α: R&D systems, Minneapolis, MN, USA; IL-6 & IL-10: Pelikine Compact, Sanquin, Amsterdam, The Netherlands).

Electroencephalography (EEG) analysis,

EEG was determined using a standard 21-lead recording with surface Ag/AgCl cup electrodes  as described previously (2, 4). The full-length recording was analyzed visually by an experienced clinical neurophysiologist (NvA) and  scored using a five category classification system for septic encephalopathies. Additionally, EEG background activity was monitored during concentration/meditation and the presence of drowsiness or sleep was noted, as were signs of shivering indicated by the presence of tremorous muscle activity artifacts at both the scalp and chest electrodes. For further quantitative analysis at least once per 30 minutes a one-minute artefact-free raw EEG sample (10-second epoch) of the subject lying awake with his eyes closed was selected.

Heart rate variability (HRV) analysis

Short-term HRV (5-min recordings) was measured in supine position and during quiet circumstances. A 3-lead ECG signal was obtained using a Medilog AR12 recorder (Huntleigh Healthcare, Cardiff, UK). R-peak position was determined at a sample rate of 4096 Hz. HRV was analyzed using dedicated software (Medilog Darwin HRV, Huntleigh Healthcare, Cardiff, UK). In each 5-min recording, QRS complexes were detected and only normal-to-normal beat (NN) intervals were tabulated, yielding an interval tachogram. Recordings with artifacts such as premature (supra)ventricular beats or other arrhythmias comprising more than 5% of the total epoch were discarded. After linear detrending, power spectral density was determined by fast Fourier transformation (FFT) of interval tachograms using the Welch method and a FFT width of 1024. Total spectral power (0-0.4 Hz) and standard deviation of all NN intervals (SDNN) were calculated to assess global HRV changes. Since HRV magnitude greatly changed upon the start of concentration/meditation, only normalized units of HRV could be used to compare the relative contribution of sympathetic and parasympathetic input (5). Therefore, low (corresponding to sympathetic activity) and high (corresponding to paarsympathetic activity) frequency spectral power in normalized units were calculated (LFnu and HFnu, calculated by dividing low frequency spectral power [LF: 0.04-0.15 Hz] or high frequency spectral power [HF: 0.15-0.4 Hz], respectively, by the sum of LF and HF) (5). The HRV data of the subject were compared to a subset of the comparison group where HRV was measured (n=40, NCT00513110 and NCT00783068) (6). Breathing patterns can affect HRV (7), and the subject’s concentration/meditation technique is characterized by an irregular breathing pattern. While we have recently shown that, during human endotoxemia, metronome-guided breathing or mild hyperventilation does not affect HRV measures compared to spontaneous breathing (8), the extreme irregular pattern observed in the subject could have an effect on HRV and preclude clear-cut interpretation of these data.
Muscle sympathetic nerve activity analysis

MSNA was measured as described before (9). 
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