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Sickle cell patients are hemolyzing all the time.
But what triggers the transition from steady state to crisis?

Our patients tell us that stress, cold, and pain itself can trigger VOC.

| believe them, but what is the mechanism?
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Recruitment of many “vaso-occlusive vessels” results in regional obstruction of perfusion,
pain, organ damage, loss of organ function, and premature death.

After Eaton- Hofrichter, Blood 1976
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The goal was to produce transient hypoxia similar to
what normally happens during sleep

Hypoxic Exposure Protocol: breathed room air for at least 5 minutes until stable > A valve was
manually switched to breath 100% N, for 5 breaths and then returned to room air.
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Spontaneous sighs cause vasoconstriction

in sickle cell disease subjects
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Sangkatumvong S, et al, 2011, Am.J.Resp.Crit.Care.Med 184(4): 474-481
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e e e Transient hypoxia causes parasympathetic
withdrawal in SCD subjects
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SCD patients have significant loss of the parasympathetic

component of their autonomic nervous system balance upon
transient exposure to hypoxia.

LFP 0.04to 0.15HZ HFP 0.15to 0.4 Hz Sangkatumvong S, et al, 2011, Am.J.Resp.Crit.Care.Med 184(4): 474-481
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SCD individuals have a hypersensitive
autonomic nervous system

Sighs in SCD subjects more likely to induce drops in perfusion
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Vasoconstrictions correlated with sighs in normal controls and in SCD subjects (p<.01).
About 75% sighs cause vasoconstriction in SCD compared only about 20% in controls.

Sangkatumvong S, et al, 2011, Am.J.Resp.Crit.Care.Med 184(4): 474-481
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Could Pain Trigger Vasoconstriction
and Promote Vaso-occlusion?

T prefrontal cortex
Oxygen changes (fNIR)

Medoc Thermal
Neurosensory
Analyzer (TSAII)

Autonomic Parameters
(HR variability and
Baroreceptor reflexes)

Peripheral Blood Flow:
Laser Doppler flow
4 Photo plethysmography (PPG)

:'I- o Pulse Oximetry

/_,

Locally developed analysis software
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Pain pulses

Fingers

Forehead/
Brain

Anxiety related to pain anticipation induced a
decrease in peripheral blood flow compared to
baseline in all subjects, P<0.0001
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Fear of Pain as well as Pain Induces a Decrease in
Microvascular Perfusion
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SCD individuals have different response to pain
than non-SCD

20

P<0.05

SCD subjects have increased neural
responsiveness

SCD subjects vaso constricted faster in
response to pain.
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Significant Vasoconstriction Response

Significant decrease in blood flow
during each mental task
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So, pain, stress, anxiety, cold exposure all cause
vasoconstriction and decreased perfusion and based on the
basic SCD model, should cause sickle vaso-occlusion.

Is there any evidence that vasoconstriction / decreased
prefusion predicts or promotes vasoocclusive crisis in
individuals with sickle cell disease?

. * -
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Vasoconstriction patterns are obtained from the photoplethysmogram (PPG) signal which comes from a
standard pulse oximetry sensor. This signal is recorded during sleep studies but not part of standard analysis.

Chalacheva, Ji, Rosen, DeBaun, Khoo, Coates, 2021 AJH 96(1): 60

Median

Myasoc = 5.38%

Median
Myasoc = 26.64%
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M Mvasoc
vasoc
Sleep i Negative
study Pain events Age Binomial Pain rate
T T Regression after PSG
> Model

Hgb

Time

Nocturnal peripheral vasoconstriction predicts the frequency

of severe acute pain episodes in children with sickle cell Parameter 2] Estimate P-value
disease Mo 3.29 | 0.0050
Patjanaporn Chalacheva' | YunhuaJi? | CarolL. Rosen® | Age 3 17 <O 0001
Michael R. DeBaun? | Michael C. K. Khoo? | Thomas D. Coates® ) °

Sleep disordered breathing does not predict acute severe pain | Arousal index (Al) 0.69 0.318

episodes in children with sickle cell anemia

Apnea hypopnea index (AHI) -0.15 0.679

Shaina M. Willent | Mark Rodeghier2 | Carol L. Rosen® | Michael R. DeBaun?
Am J Hematol 2018 93(4): 478-485

Periodic Limb movement (PLM) 0.02 0.084
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Sleep disordered breathing indices (AHI, Al, PLMS) predict the
magnitude of nocturnal vasoconstriction (M, ....)

Pain rate
Vasoconstriction propensity (M, ,.,.) before PSG
reflects the collective effect of many Age
sympathetic nervous system inputs Sex Multiple M @
leading to decreased perfusion and Heb Linear PSG
increased VOC rate. Regression
SN triggers Al, PLM or AHI
Parameter (n=212) Estimate P-value voc
Rate
Pain rate before PSG 0.25 0.1416
Age -0.15 0.0161
Sex 0.85 0.0016
Hgb -0.07 0.7353
Periodic Limb Movements 0.98 0.018
Arousal index (Al) 5.15 0.007
Apnea hypopnea index (AHI) 0.88 0.004 Chalcheva etal, Am J Hematol 2021, 96(1):60-68
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Vasoconstriction propensity and associated decrease in microvascular
prefusion plays a significant role in the pathophysiology of sickle vaso
occlusion and likelihood of vaso occlusive crisis.

The vasoconstriction derived from a photoplethysmography (PPG)
signal primarily reflects sympathetic nervous system (SNS) activity.

We suspect that the average SNS activity detected by PPG over time is
an objective and quantifiable measure of “stress” that may be useful
to predict and monitor certain types of human disease outcomes.

Neural mediated
Vasoconstriction

arteriole

e L Flow o
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Sickle cell patients are hemolyzing all the time.
But what triggers the transition from steady state to crisis?

Our patients tell us that stress, cold, and pain itself can trigger VOC.

| believe them, but what is the mechanism?

Conclusion: We should listen to our patients and their mothers.

Neural mediated
Vasoconstriction
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Sickle cell families
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Seek the Truth

(And stay as far away as possible from those who think they have found it ...)

Thank you for your attention P [ 1 e | T




