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Study Rationale 

Well established that HBO2 induces: 
1. Vasoconstriction 
2. Hypertension 
3. Bradycardia 
4. Decreased cardiac output 
 
Each have been described individually but no linking 
mechanism has been established. 
 
Hypotheses: 
1. The linking mechanism is the arterial baroreflex 
2. Arterial pressure increases secondary to HBO2 are due to 

mechanoreceptors in aortic arch and carotid sinus 



Study Design 
Anesthetized Rats 
1. Partial baroreceptor denervation 

• Aortic denervation (AD) 
• Carotid denervation (CD) 

2. Complete Denervation 
 
HBO2 3.0 ATA for 60mins 
• Arterial Pressure (AP) and Heart Rate (HR) – real time 
• Cerebral Blood flow (tCBF) - H2 wash out method  
• Renal Sympathetic Nerve Activity (RSNA) 
• Cardiac Output (CO) 
• Systemic Vascular Resistance, Cerebral Vascular Resistance 

(SVR/CVR) – computed 
• Baroreflex Sensistivity – change in HR/AP 
 
The above was repeated in conscious Rats 
• HBO2 2.5 ATA for 60mins 
 



Baseline hemodynamic parameters 
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The effects of Adrenergic 
and Cholinergic blockade 



The effects of Adrenergic 
and Cholinergic blockade 

NO inhibition eliminates hypertension 
response to HBO2 



The effects of Adrenergic 
and Cholinergic blockade 

NO inhibition eliminates hypertension 
response to HBO2 

ACh and NO inhibition removes 
bradycardia response to HBO2 



Baroreflex Sensitivity to HBO2 
reduced by complete denervation 



Conclusions 

1. Hypertension, bradycardia and reduced CO 
are coordinated through a baroreflex-
mediated mechanism initiated by HBO2-
induced vasoconstriction 

2. Baroreceptor activation in HBO2 inhibits 
sympathetic outflow and can partially reverse 
an O2-dependent increase in arterial pressure 





Study Rationale 

• Genes and cellular pathways induced by decompression 
stress are undefined 

• Processes that distinguish DCI development from normal 
physiological responses to the underwater hyperbaric 
environment is still incomplete 

 

Objective: 
To map divers’ blood transcriptomes with the aim of 
identifying genes, biological pathways and cell types 
perturbed by the physiologic stress in asymptomatic 
SCUBA diving 



Study Design 

1. Identify persistent effects of extensive diving 
• Transcriptome comparison: Diver vs non-diver control 

 
2. Identify the acute effects of a single vs successive dives 

• Transcriptome comparison: 1 dive vs 3 successive dives 
 
Divers (10) and Non-diver control (10; matched) 

Age:  40.3 ± 2.6 yr 
Gender:  Male 
Weight:  93.6 ± 11.1 kg 
Height:  1.8 ± 0.1 m 
 

Prior to Dives 
No caffeine > 12hr 
No exercise > 48hr 
No diving > 2 weeks 



Study Design 
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Ilumina human HT-12 v4 
Expression BeadChips 
(capable of genome-wide expression analysis of >47,000 genes) 



Gene Expression 

• Diver vs Non-diver 
– 2531 genes differentially expressed 

• 1806 

• 724 

 

• Diver pre vs post-dive: 
– 1570 genes differentially expressed 

• 630 

• 940 



Heat map 
of mRNA 
levels 
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Persistent changes in SCUBA divers’ transcriptome 



Acute Changes after SCUBA dive 
(Blood cells) 



Acute Changes after SCUBA dive 
(general) 





Summary: Transcriptome changes 

• Acute changes after diving 

– Lymphocyte 

– Granulocyte 

• Neutrophils 

• Macrophage 

• Classical monocytes 

– Antioxidant 

 

• Persistent in divers: 

– Apoptosis 

– Inflammation 

– Innate immune 

 



Conclusions 

• Acute effects are characteristic cellular 
responses to oxidative stress 

• Persistent changes suggest acclimatization to 
augmented oxidative stress 

• The influence of these changes on DCS risk 
remains unknown 













Study Rationale 

• Dual Frequency Ultra-Sound (DFU) recently available technology for 
bubble detection 

• DFU freq 2.25 to 5 Mhz versus B-mode US, 6.6 to 10 MHz 
• DFU detects bubbles < 10mm in diameter in vitro and tissue following 

excercise and decompression 
• B-mode US detection of VGE proposed as a method of assessing 

decompression stress 
• Unknown if microbubbles are precursors to VGE (B-mode US) 
 

Objective: 
1. To determine if DFU detects decompression induced 

microbubbles in vasculature 
2. To determine temporal relationship with VGE (BmdUS) 
 



Study Design 

1.In vitro – establish DFU vs B-mode sensitivity 
2.In vivo – microbubble detection in 

vasculature after contrast injection 
3.In vivo - microbubble detection in 

vasculature after decompression stress 



Study Design – DFU sensitivity 

1. Contrast – US contrast 1-3mm diluted in degassed saline 
(dilutions x 104 to 101 mb/mL) 

2. Control – degassed saline 
3. DFU vs B-mode US 

Mineral Oil 

Contrast or 
Saline 

US probe 

DFU 
B-Mode US 

Sound-proof 
tiles 

Image for  
pixel analysis 

Difference signal 



DFU sensitivity x 101/mL 

BmdUS sensitivity x 103-4/mL 



Study Design – Vascular detection 
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Study Design – Decompression 
induced microbubbles 
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Compression profile 
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q 5 mins for 1 hour Pre-dive 

B-mode US + 
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Summary 

• DFU sensitive to a concentration of x 101 mb/mL 

• DFU can be used at vascular sites and over tissue 

• Microbubbles appear post-decompression regardless 
of VGE grade 

• An inverse relationship may exist between 
microbubbles and BmdVGE 

• Microbubbles may precede BmdVGE 

• At small microbubble concentrations DFU is superior 
to BmdUS 



Conclusions 

• DFU technology allows early detection of 
microbubbles 

• May find real-time application in the diving 
industry since bubbles can be detected 
through tissue and over vessels 

• Earlier detection may permit real-time 
modification of decompression profiles 
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