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Current estimated prevalence of atrial fibrillation (AFib) is 1-4% worldwide, with alarming 

epidemiological predictions forecasting doubling of prevalence by 2050 1. In addition to the well-

known five-fold risk of ischemic stroke 2, AFib patients are at increased risk of dementia compared 

to the general population, even if adequately anticoagulated and in the absence of clinical ischemic 

stroke 3,4. Different concurrent mechanisms are at the basis of this stroke-independent association, 

such as silent cerebral ischemia 5, cerebral microbleeds 6, chronic reduction in mean cerebral blood 

flow 7, AFib-related inflammation 8 and cerebrovascular endothelial dysfunction 9. In addition, beat-

to-beat interval variation during AFib potentially exerts direct effects on the distal cerebral 

hemodynamics, but this field has seldom been clinically explored. In fact, to date, the only available 

data regarding the potential beat-to-beat influence of the irregular heart rhythm on the distal 

cerebral circle derives from a computational study, which postulated that transient critical events, 

such as hypoperfusions or hypertensive events, may occur during AFib in the brain tissue 10,11. 

Non-invasive hemodynamic assessment of the cerebral circulation has been attempted. The most 

widely used technique is transcranial Doppler (TCD), which uses low-frequency (≤2 MHz) 

ultrasound waves to insonate the basal cerebral arteries, enabling the measurement of cerebral blood 

flow velocity in the major intracranial arteries with high temporal resolution 12. However, the 

technique is limited by operator-dependency, assumptions made regarding vessel diameter and low 

spatial resolution, since it lacks the resolving power to assess hemodynamic signals downstream the 

proximal intracranial arteries. Another available technique is arterial spin labelling perfusion 

magnetic resonance imaging (ASL-MRI), which uses endogenous tracers (water protons in the 

arterial blood) to quantify regional cerebral blood flow. This approach permits to achieve high 

spatial resolution, yet temporal resolution is by far inferior to TCD. Due to this limitation, although 

ASL-MRI 13 is able to assess regional cerebral blood flow, the limited temporal resolution hampers 

beat-to-beat analysis of the distal cerebral circulation. 

In this context, cerebral near-infrared spectroscopy (NIRS), a known technique to monitor deepness 

of general anaesthesia in surgery and critical care, holds an intriguing potential to provide unique 
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insights on hemodynamics of cerebral circle during AFib. This optical technique is based on the 

principle that light in the near-infrared (NIR) range (700 nm to 1000 nm) is able to pass through the 

skin, soft tissue and bone, penetrating brain tissue to a depth of up to 2 cm 14. The computed 

hemodynamic signal is derived on the absorption of NIR light by haemoglobin, different according 

to the oxygenation state of the protein, thus permitting to quantify changes in the tissue 

concentration of intravascular oxygenated haemoglobin (HbO2) and deoxygenated haemoglobin 

(HbH). However, even though been sensitive to cerebral microvasculature, cerebral NIRS signals 

are also potentially affected by extra-cranial blood from various sources (skin, subcutaneous fat, 

skull). This observation prompted the development of a number of techniques, such as time-

resolved spectroscopy, frequency-resolved spectroscopy and spatially-resolved spectroscopy (SRS), 

aimed at minimizing the influence of extracerebral circulation on NIRS measurements. 

SRS-NIRS, in particular, implements an algorithm based on collecting the back-scattered light from 

the tissue at multiple sites, which focuses the measurement on the deep rather than superficial 

tissues 15.  

This approach provides two additional parameters: tissue oxygenation index (TOI), which is a 

measure of cerebral tissue oxygenation, and tissue haemoglobin index (THI), which is a measure of 

cerebral tissue haemoglobin concentration reflecting local changes in blood volume (assuming a 

constant haematocrit). Therefore, SRS-NIRS signals hold the potential to provide insights on 

cerebral hemodynamic signals with high temporal resolution, being potentially sensitive to beat-to-

beat changes at the distal cerebrovascular level and overcoming the limitation of the previously 

cited techniques. 

Based on these presumptions our group has run a preliminary set of acquisitions and the first 

analysis support the hypothesis that SRS-NIRS is able to provide beat-to-beat information on the 

sampled cerebral tissue during AFib. We performed NIRS cerebral monitoring lasting 4 minutes in 

6 volunteers with AFib, using the NIRO-200NX device (Hamamatsu Photonics K.K., Japan), with 

the highest sampling frequency available (20 Hz). After appropriate filtering on the raw SRS-NIRS 
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signals (see Figure 1 for examples of post-processed SRS-NIRS signals), a peak detection analysis 

was performed to compute inter-beat intervals from TOI and THI signals, respectively. These 

intervals were then compared to the inter-beat intervals derived from synchronized ECG analysis, 

considered as gold standard. Table 1 reports mean and standard deviation of TOI-, THI- and ECG-

derived inter-beat intervals obtained from all the 6 volunteers, showing no difference between the 

inter-beat intervals inferred from SRS-NIRS signals and ECG. Consequently, SRS-NIRS signals 

show the ability to intrinsically integrate hemodynamic information at the beat-to-beat level. 

In conclusion, the constant rise in AFib prevalence obliges not to stop to the mere description of 

only the classical clinical events (death, stroke, heart failure hospitalization), since dementia and 

cognitive decline are subtle phenomena, potentially not preventable by oral anticoagulation therapy, 

the cornerstone of AFib management. Cerebral SRS-NIRS with high sampling frequency (20 Hz), a 

non-invasive and easily affordable technique, can provide unique, beat-to-beat hemodynamic 

details of the distal cerebral circulation, candidating as a significant tool to shed light on the impact 

that AFib exerts on brain circulation. 
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Figure Legends 

Figure 1. Example of post-processed TOI (green) and THI (violet) SRS-NIRS signals, together 
with the non-spatially resolved O2Hb signal (red).  
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Tables 
 
Table 1. Mean and standard deviation of the inter-beat interval derived by SRS-NIRS and ECG 

signals. 

 

Parameter Mean Standard 

deviation 

T test p-value (comparison to inter-beat interval 

derived from ECG) 

TOI 0.72 s 0.12 s 0.888 

THI 0.73 s 0.11 s 1.000 

ECG 0.73 s 0.12 s Ref 
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