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Abstract

Purpose: Adenosine is routinely used as a pharmacological stressor in myocardial perfusion imaging, but its effects on
other organs have not been comprehensively studied. The aim of this study was to investigate the effect of adenosine on

the perfusion of different organs using a long axial field of view positron emission tomography (LAFOV-PET) scanner.

Methods: We included 91 patients who were prospectively recruited to undergo LAFOV-['*O]H20 PET perfusion
imaging at rest and during adenosine stress with suspected coronary artery disease and who did not have myocardial
ischemia or prior stroke. Analysis was performed using an in-house open-source TURBO-pipeline, including computed
tomography -based segmentation of organs other than the heart. Organ-specific absolute perfusion values were

measured.

Results: Adenosine increased global myocardial blood flow, with a median of 1.01 [25"-75% percentiles 0.90-1.22]
mL/min/g at rest, and 3.47 [3.06-3.95] mL/min/g at stress. Perfusion in other organs was measured in mL/min/mL and
was increased during stress in the liver (rest: 1.10 [0.83—1.82], stress: 3.32 [1.79-5.41], p<0.0001), duodenum (rest:
0.37 [0.27-0.48], stress: 0.53 [0.42—-0.65], p<0.0001), and colon (rest: 0.09 [0.08-0.12], stress: 0.13 [0.10-0.17],
p<0.0001). In contrast, perfusion decreased in the brain (rest 0.43 [0.38-0.48], stress 0.32 [0.28-0.35], p<0.0001), and
kidneys (rest 0.87 [0.75—1.00] mL/min/mL, stress 0.65 [0.49—0.76], p<0.0001). In the spleen, perfusion was reduced by

71% as a sign of splenic switch-off (rest 1.11 [0.97-1.30], stress 0.31 [0.23-0.40], p<0.0001).

Conclusion: The perfusion response to adenosine is organ-specific. In the heart, liver, colon, and duodenum, perfusion
is increased by adenosine, but in the brain, spleen, and kidneys, the perfusion is reduced. Our results highlight the

systemic nature of adenosine effects.



Introduction

Long axial field of view positron emission tomography (LAFOV-PET) scanners allow simultaneous dynamic imaging
of all the internal organs and major tissues, with the potential to study the function of and interactions between different
body organs. Oxygen-15-labelled water (['>O]H20) is an established tracer for quantitative myocardial perfusion
imaging, and in combination with total-body PET scanners, it is promising method for investigating perfusion in

different organs as well as their interactions'.

Adenosine is widely used as a pharmacological stressor in myocardial perfusion imaging. Variable vasodilating or
vasoconstrictive effects of adenosine have been reported. In the heart, adenosine causes vasodilatation, whereas in the
spleen it causes vasoconstriction?®, The latter is known as a splenic switch-off phenomenon that has been proposed as a
tool to evaluate the adequacy of pharmacological stress in cardiac imaging®*. However, limited data exist on the

adenosine response in the other body organs>?.

Here we used quantitative LAFOV-PET to measure perfusion at rest and during adenosine stress in the heart, liver,
spleen, kidneys, brain, colon, duodenum, bone, and skeletal muscle in patients without ischemic heart disease or a

history of stroke. Our goal was to assess the organ-specific effects of adenosine.

Materials and methods

Study cohort.

We prospectively recruited 191 patients to undergo rest and adenosine stress total-body PET perfusion imaging with
['*OH:20 at the Turku University Hospital between August 2022 and February 2025. The patients had been originally
referred for a myocardial PET perfusion scan for evaluation of suspected obstructive coronary artery disease (CAD),
mostly triggered by the presence of coronary atherosclerosis on coronary computed tomography (CT) angiography.
After exclusion of 15 patients with incomplete or missing data, 176 patients were successfully analysed (Supplemental
Figure 1). Out of these, we excluded 76 patients with abnormal myocardial stress perfusion (n = 76) and additional 9

patients due to history of stroke, resulting in a final cohort of 91 patients.

The clinical data were recorded from the medical records and patient interviews (type of symptoms, cardiovascular risk

factors including smoking, hypertension, dyslipidaemia, diabetes, family history of CAD, and a history of stroke).



Brachial blood pressure, weight, and height were measured. Agatston coronary artery calcium score was recorded if it

had been measured within a year prior to the PET-imaging.

The study complies with the Declaration of Helsinki. The Ethics Committee of the Hospital District of Southwest
Finland approved the study protocol. Written informed consent was obtained from all patients. The study has been

registered in ClinicalTrials.gov (NCT05825859).

PET image acquisition

Patients underwent total-body ['*O]H20 PET imaging using Siemens Biograph Vision Quadra PET/CT (Siemens
Healthineers). Patients were instructed to abstain from caffeine for 24 hours prior to the PET scan. A single low-dose
total-body CT scan of 512 X 512 x 380 voxels of 0.977 X 0.977 x 3.00 mm3 was first acquired. The rest PET scan
was followed by an adenosine stress PET scan, with a minimum of 10 min time interval between acquisitions. For both
rest and stress scans, ['*O]H20 tracer (Radiowater Generator, Hidex Oy, Turku, Finland) was injected as an intravenous
bolus (target activity 350 MBq + 10 %) of approximately 5 seconds. Dynamic PET acquisition, with a total imaging
time of 4 minutes and 40 seconds, was initiated 30 seconds after the tracer administration. The data were reconstructed
into 14 frames of 5 seconds, followed by 3 frames of 10 seconds, 3 frames of 20 seconds, and 4 frames of 30 seconds.
All images were reconstructed using UltraHD-PET in High Sensitivity mode. The first reconstruction used three
iterations and five subsets with a matrix size of 220 or 440, a zoom factor of 2.0, and a Gaussian filter of 3.0 mm. The
second reconstruction employed four iterations, a zoom factor of 1.0, and a Gaussian filter of 4.0 mm. Data were
corrected for attenuation, scatter, randoms, and decay. Adenosine infusion was started 2 minutes before the stress PET
scan and continued at a rate of 140 pg/kg/min until the scan was complete. Blood pressure and heart rate were recorded

at rest and after 3 minutes of adenosine infusion.

PET image analysis

Heart

The heart was analysed using the cardiac analysis software Carimas (Turku PET Centre, Turku, Finland) *!° using the
standard myocardial model !!. The heart was segmented into 17 myocardial segments for which absolute rest and stress
myocardial blood flow (MBF) in mL/min/g was quantified based on k2 using a one-tissue compartment model with left
ventricular time-activity curve as the arterial input function, where the effects of the systemic underestimation in the left
ventricular signal and the spillover from the myocardial radioactivity were taken into account >!!. Global MBF was also

calculated as well as territorial MBF in the left ascending coronary artery (LAD), left circumflex artery (LCX), and



right coronary artery (RCA). Patients with myocardial ischemia, defined as the presence of >2 adjacent myocardial

segments with stress MBF below 2.3 mL/g/min, were excluded from the analysis '.

Brain

The brain was segmented into grey and white matter compartments using the Magia-toolbox that extracts the brain from

the original PET image, corrects the motion rigidly and normalises it into a template '*. The method has been previously

described in detail 4.

Other organs

Segmentation of the other organs was performed using a CT-based total body segmentation method TotalSegmentator '
implemented in the TURBO total body analysis pipeline described and validated earlier »!4. Iliopsoas was chosen to
represent skeletal muscle and femur to represent bone (including bone marrow). Segmented organs were analysed using
one-tissue compartment model with descending aorta input function, except in the liver ', where the model input was
combined using the estimated portal vein !7 in addition to the descending aorta input function '*. The blood flow was
quantified as flow=(1-Va)*K1 in units mL/min/mL, representing the organ perfusion, and additionally, k2 (1/min) and
arterial blood volume (Va) were estimated '*. Input function was extracted from the descending aorta automatically

using a previously validated method ',

Statistical analysis

Continuous variables are reported as mean and standard deviation (SD) or median [interquartile range (IQR):
25"_75™ percentiles] as appropriate. Categorical variables are shown as counts (percentage). Wilcoxon
signed-rank test was used to compare the stress versus rest conditions in different organs. Paired t-test was
used to compare blood pressures and heart rates at rest and after 3 minutes of adenosine infusion. Multiple
testing was corrected for with the Benjamini-Hochberg false discovery rate -method. In the bilateral organs
such as the kidney, skeletal muscle, and femur, data was averaged across left and right sides. The statistical
analyses were performed using R software, version 4.3.2 (R Foundation for Statistical Computing) '*. The

threshold for statistical significance was 2-tailed p<0.05.



Results

Study cohort

TABLE 1 shows baseline characteristics of the 91 patients included in the study. In this selected cohort of patients
without myocardial ischemia or a history of stroke, the majority (71%) of patients were female. There was a significant
increase in heart rate (rest mean 66.5 (11.6), stress 87.4 (14.4), p<0.0001) and decrease in diastolic blood pressure (rest
71.1 (12.5), stress 66.1 (13.5), p<0.0001) from rest to 3-minute stress. However, systolic blood pressure did not

significantly differ between rest and 3-minute stress (p=0.14).

Myocardial perfusion

The global and territorial MBF at rest and during stress are shown in TABLE 2 and Figure 1. By definition of our
study cohort (i.e., patients with myocardial ischemia were excluded), there was a more than 3-fold increase (p<0.0001)
in MBF during adenosine infusion globally and in the main coronary artery territories. We observed significant

differences in MBF between vascular territories at rest and during adenosine stress.

Figure 1 Myocardial blood flow (MBF) at rest and during adenosine stress in the whole left ventricular myocardium

and in each main coronary artery territory

LAD = Left anterior descending artery, LCX = left circumflex artery, RCA = right coronary artery

Figure 1 shows a ~3-fold increase (p<0.0001) in myocardial perfusion in each main coronary artery territory. There

also appear to be some outliers showing unexpectedly high rest MBF.

Perfusion in other organs

TABLE 3 shows the quantified perfusion in different organs at rest and during stress as well as stress/rest ratio
(reserve), and the difference between stress and rest (delta). Figure 2 demonstrates individual changes in perfusion in
each organ. In the whole brain, white matter, and cortical grey matter there were statistically significant (p<0.0001)
reductions in perfusion induced by adenosine. There was also a perfusion reduction in skeletal muscle (p<0.0001),

spleen (p<0.0001), kidneys (p<0.0001), and bone (p<0.0001).
P p ys (p p

There was an adenosine-induced increase in perfusion in the liver (p<0.0001), colon (p<0.0001), and duodenum

(p<0.0001). The distribution volume (rest median 0.71 [0.68-0.76], stress 0.69 [0.64—0.74], p=0.0015) showed less



variance in the liver as compared to flow and k2. The pancreas did not show a significant difference in perfusion
between rest and stress. Outliers were observed in multiple organs; however, they are from different patients for
different organs expect for one patient who had unexpectedly high rest MBF in addition to high flow in colon and

spleen at rest and during stress.

The k2 and Va results are shown on supplemental TABLESs 1 and 2 and supplemental Figure 2 and Figure 3.

Discussion

In this prospective cohort study, we demonstrated that adenosine-induced perfusion responses are highly organ-specific,
with both vasodilatory and vasoconstrictive effects evident across the body. Using LAFOV ['*O]H20 PET imaging, we
were able to simultaneously and quantitatively assess perfusion in multiple organs under pharmacological stress by

intravenous adenosine. These findings highlight the systemic effects of adenosine and the potential of LAFOV-PET for

functional flow imaging beyond the myocardium.
Myocardial response and splenic switch-off

As expected, in this selected study cohort without myocardial ischemia, adenosine induced a robust increase in MBF, in
line with established literature on coronary vasodilation. Adenosine caused an over 3-fold increase in myocardial
perfusion compared with the resting state, as seen in other studies including patients without obstructive CAD **!°, By
definition, the MBF values observed during adenosine stress were above the established ischemic threshold ' in all
patients, ascertaining the adequacy of pharmacological stress and the integrity of coronary vasodilatory capacity in this
cohort. Notably, response to adenosine was similar to previous studies reporting reference ranges of stress MBF and
myocardial flow reserve !° despite relatively high prevalence of cardiovascular risk factors and coronary atherosclerosis
in our cohort. The patient selection in this study was justified by the fact that we wanted to evaluate organ-specific
effects of adenosine in a “reference” population without flow-limiting CAD, whereas patients with myocardial ischemia
might have perfusion changes in other organs as well, even though this remains to be investigated in future studies.
Similarly, we excluded patients with abnormalities in brain perfusion or clinical history of cerebrovascular disease.
Moreover, by focusing on patients with adequate adenosine-induced increase in myocardial perfusion, we can make

sure that there is no system-level lack of adenosine response, for example, due to caffeine consumption.

Notably, the spleen demonstrated a substantial reduction in perfusion, consistent with the splenic switch-off

phenomenon in multiple previous studies **7. This inverse response has previously been proposed as an indicator of



sufficient adenosine effect and was clearly observed here, reinforcing its potential clinical utility as a systemic marker

of stress adequacy.

Perfusion heterogeneity across organs

Interestingly, adenosine significantly increased perfusion in the liver, colon, and duodenum, while it decreased

perfusion in the brain, kidneys, skeletal muscle, and bone.

The reduction of brain perfusion aligns with prior studies showing that systemic adenosine can paradoxically reduce
cerebral blood flow, likely due to systemic hypotension, or respiratory effects. This observation might also reflect

different adenosine receptor expression and regulation in cerebral versus coronary vascular beds.

There are no large studies on adenosine effects in the brain. In one study, the cerebral blood flow (CBF) was measured
using '*¥Xe single-photon emission computed tomography imaging and adenosine had no statistically significant effect
on brain perfusion 2. In another study, there was no difference in cerebral blood flow after adenosine infusion measured
using magnetic resonance imaging (MRI) and ['*O]Butanol PET imaging®'. However, when large doses of adenosine
(200-500 pg/kg/min) were given in six patients under general anaesthesia and when ventilation was controlled, a large

increase in global CBF was seen without correlation with adenosine doses 22,

In a small study with 13 healthy subjects, dipyridamole decreased brain perfusion when measured by ['*O]JH20 PET and
it was closely followed by changes in hypocapnia 2. Adenosine is known to induce hyperventilation via chemoreceptor
stimulation 2%, In turn, hyperventilation causes hypocapnia and vasoconstriction, therefore reducing brain perfusion, as
also seen in the present study. The magnitude for resting perfusion in cortical grey matter, white matter, and the whole

brain was comparable to healthy subjects measured in other studies 2°28,

The hepatic response, characterised by a substantial increase in perfusion, may reflect combined hepatic arterial
vasodilation and portal flow augmentation, possibly involving the hepatic arterial buffer response. The liver perfusion is
relatively difficult to model because both the hepatic artery and the portal vein provide blood to the liver. The liver
controls the blood supply via the hepatic artery because the portal vein blood flow cannot be directly controlled %. Prior
studies using PET and MRI have reported similar findings under adenosine stress, supporting the reproducibility of our
observations "%, The hepatic perfusion has been studied using ¥*Rb-PET/CT imaging on 45 patients with clinical
indications for cardiovascular imaging. In that study, it was found that hepatic arterial perfusion approximately doubled

after over 6 min of adenosine infusion ’, that is in agreement with our study.



Renal perfusion was significantly reduced, in agreement with earlier findings of adenosine-induced afferent arteriolar
vasoconstriction in the kidney 33!, These results are consistent with the known role of adenosine in tubuloglomerular
feedback and emphasise the kidney’s unique response pattern. The kidney involves two functionally different regions,

the cortex and the medulla. We segmented the kidney as a whole, although the perfusion in these regions might differ.

The increase in gastrointestinal perfusion (colon and duodenum) may be attributed to adenosine receptor-mediated
vasodilation within the splanchnic circulation. This has physiological relevance in contexts of digestive or
pharmacological hyperaemia but remains under-investigated in clinical imaging and the perfusion during adenosine

stress in the colon and duodenum has not been previously studied in humans.

The observed decrease in skeletal muscle and bone perfusion during stress may reflect systemic redistribution of blood
flow toward vasodilated vascular beds, though further mechanistic studies are needed. The previously published
perfusion results for the skeletal muscles at rest are similar to our study ***%, but adenosine stress has been shown 343 to
increase muscle perfusion. In earlier studies, the perfusion of the quadriceps femoris muscle has been measured instead

of the iliopsoas used in the current study. We chose the iliopsoas as the patients may contract the quadriceps muscle due

to the symptoms caused by adenosine. The decrease in bone perfusion 3¢ has also been shown previously.

Methodological Considerations

Our study leveraged the high sensitivity and resolution of a long axial field-of-view PET system, combined with robust
CT-based organ segmentation and validated kinetic modelling pipelines. This allowed for precise, reproducible

quantification of perfusion across anatomically distinct tissues. Nevertheless, several limitations should be considered.

First, the study cohort consisted of symptomatic patients referred for evaluation of suspected coronary artery disease,
albeit without myocardial ischemia, and may not represent healthy individuals. Second, potential confounding effects of
medications, comorbidities, or systemic hemodynamics were not fully controlled, though relatively large sample size
helps to mitigate interindividual variability. Third, although the subjects were asked to abstain from caffeine-containing
beverages for 24 hours before the PET study, we cannot rule out caffeine effects, as it was not measured. However,
patients with normal stress myocardial perfusion were included in the analysis, and therefore, a blunted effect of
adenosine is unlikely. Fourth, most of the organs were analysed using a one-tissue compartment model, but some
organs may need more sophisticated organ-specific models. E.g., in liver calculations of dual input function *!7 we
accounted the dual blood supply to the liver by estimating the portal vein input function. Also, the applied TURBO
pipeline’s kidney modelling may underestimate later-phase time activity curves due to the kinetic model being

oversimplified, missing tubular reabsorption/excretion *’, as well as an additional input from the efferent vessels to the
p g p p
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reuptake site. Cortex-tubule heterogeneity may distort kinetics 8, while motion sensitivity might worsen errors. These
more nuanced models should be developed and implemented in future studies. Fifth, women were overrepresented in
our study cohort which may be because women generally have higher myocardial blood flow and lower prevalence of
ischemic CAD. Additionally, while ['*O]H20 is a gold-standard perfusion tracer for the tissues where the tracer is
distributed instantaneously to the equilibrium through the capillary system, this is likely not the case in several organs,
e.g., in the kidneys. The partial volume effects and motion artifacts, especially in small or mobile organs, may influence

quantification.
Clinical relevance and future directions

Our results highlight the systemic nature of adenosine effects and suggest that organ-specific perfusion responses can be
leveraged for broader functional assessments. For example, the consistent splenic switch-off may serve as a surrogate
marker of adenosine efficacy. Likewise, the differential response of the liver and gastrointestinal tract may open
avenues for assessing hepatic perfusion reserve or inflammatory bowel conditions. Furthermore, understanding of
physiological processes detected by LAFOV PET is a prerequisite for implementing this methodology into investigating
mechanisms of novel drug therapies (such as SGLT?2 inhibitors) that have demonstrated beneficial effects in multiple

organs.

Future studies should investigate multi-organ perfusion in healthy volunteers and specific patient populations (e.g., liver
disease, neurovascular disorders) and explore the utility of multi-organ perfusion profiling for disease characterisation
and treatment monitoring. Moreover, the integration of perfusion, distribution volume as a marker of the water-
prefusable tissue fraction, and metabolic imaging (e.g., FDG-PET) could offer comprehensive insight into organ

function in vivo.

Conclusions

The perfusion response to adenosine appears organ-specific. Adenosine increases perfusion in the heart, liver, colon,
and duodenum, whereas perfusion is reduced by adenosine in the brain, spleen, kidneys, skeletal muscle, and bone. Our
results highlight the systemic nature of adenosine effects and the potential of LAFOV PET for simultaneous assessment

of multi-organ perfusion.
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Tables

TABLE 1 Baseline characteristics of patients (n =91)

Variable

Mean (SD)/Median

[IQR]/Frequency (Percent)

Demographic factors

Cardiovascular risk factors

Medications

Age (years)
Male sex

Weight (kg)
Height (cm)

Body mass index (kg/m?)

Diabetes mellitus
Current smokers
Previous smokers
Dyslipidaemia
Hypertension

Family history of CAD

Anticoagulant
Antiplatelet therapy
Antiarrythmics
Beta-blocker

Calcium channel blocker

Angiotensin-converting enzyme

inhibitor

Angiotensin receptor blocker

Diuretic
Long-acting nitrate

Lipid lowering therapy

64.0 [58.5-69.0]
26 (28.6)

83.9 (16.5)
168.8 (8.5)

29.4 (4.9)

16 (17.6)
6 (6.6)

37 (40.7)
68 (74.7)
56 (61.5)

40 (44.0)

11 (12.1)
28 (30.8)
2(2.2)

32(35.2)
28 (30.8)

9 (9.9)

30 (33.0)
19 (20.9)
8 (8.8)

52 (57.1)
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Coronary artery calcium score (n = 78)

Cardiovascular disease history

Blood pressure and heart rate (n = 88)

Anti-diabetic medication

Insulin

Median
0

1-100
100-400

>400

Previous CABG
Previous PCI

Atrial fibrillation/flutter
Dialysis

Pacemaker

Systolic blood pressure at rest
Diastolic blood pressure at rest
Heart rate at rest

Systolic blood pressure at 3 min
stress

Diastolic blood pressure at 3 min
stress

Heart rate at 3 min stress

12 (13.2)

5(5.5)

69.5 [1.0-206.8]
19 (24.4)
28 (35.9)
18 (23.1)

13 (16.7)

0(0)
7(7.7)
11 (12.1)
0(0)

4 (4.4)

136.0 (21.4)

71.1 (12.5)

66.5 (11.6)

133.4 (23.1)

66.1 (13.5)

87.4 (14.4)

CABG = coronary artery bypass graft, PCI = percutaneous coronary intervention

TABLE 2 Myocardial blood flow (MBF) in the left ventricular myocardium globally and in each main coronary artery

territory

Rest MBF, mL/min/g

Stress MBF, mL/min/g

Stress/Rest ratio (reserve)

p-value (rest vs.

stress)
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Global 1.01 [0.90-1.22] 3.47 [3.06-3.95] 3.28 [2.91-3.67] <0.0001
LAD 1.07 [0.90-1.28] 3.58 [3.01-3.88] 3.08 [2.77-3.59] <0.0001
LCX 1.01 [0.91-1.20] 3.61 [3.18-4.11] 3.46 [2.99-3.82] <0.0001
RCA 0.90[0.79-1.09] 3.34 [2.77-3.76] 3.35[2.91-4.00] <0.0001

LAD = left anterior descending artery, LCX = left circumflex artery, RCA = right coronary artery

Values are median (IQR). P-value is for paired comparison between rest and stress.

TABLE 3 Perfusion at rest and during stress in different organs
Organ Rest flow, Stress flow, Stress/Rest ratio  Stress-rest p-value

mL/min/mL mL/min/mL (reserve) difference (delta),
mL/min/mL

Whole brain 0.430.38-0.48] 0.32[0.28-0.35]  0.74[0.68-0.81] -0.11[-0.14--0.08]  <0.0001
White matter 0.290.26-0.33]  0.25[0.21-0.27]  0.83 [0.77-0.89]  -0.05 [-0.07—-0.03] <0.0001
Brain cortical 0.4410.39-0.49] 0.33[0.29-0.35]  0.73[0.69-0.79] -0.11[-0.14--0.09]  <0.0001
grey matter
Spleen 1.11[0.97-1.30]  0.31[0.23-0.40]  0.29[0.20-0.38] -0.80[-0.92--0.64]  <0.0001
Kidney 0.87[0.75-1.00]  0.65[0.49-0.76]  0.77[0.61-0.91]  -0.19 [-0.35—-0.07] <0.0001
Liver 1.10[0.83-1.82]  3.32[1.79-5.41] 2.49[1.31-447] 1.83[0.354.04] <0.0001
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Pancreas

Colon

Duodenum

Skeletal muscle

Bone

0.87[0.72-1.05]

0.09 [0.08-0.12]

0.37[0.27-0.48]

0.07 [0.05-0.09]

0.03 [0.03-0.05]

0.87[0.73-1.11]

0.1310.10-0.17]

0.53[0.42-0.65]

0.04 [0.03-0.06]

0.03 [0.02-0.03]

1.04 [0.89-1.22]

1.37 [1.03-1.74]

1.37[1.18-1.72]

0.59 [0.46-0.88]

0.69 [0.57-0.95]

0.04 [-0.10-0.19]

0.04 [0.01-0.07]

0.15[0.06-0.23]

-0.03 [-0.04-0.00]

-0.01 [-0.02-0.00]

0.14

<0.0001

<0.0001

<0.0001

<0.0001

Values are median (IQR). P-value is for paired comparison between rest and stress.

Figures

Figure 1.
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Figure 2.
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Figure 1. Myocardial blood flow (MBF) at rest and during adenosine stress in the whole left ventricular myocardium

and in each main coronary artery territory

Figure 2. Perfusion (flow) values in different organs at rest and during adenosine stress
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