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Background Results

Ultrasound has recently emerged as a promising non-invasive tool for e . splenic ultrasound stimulation, participants consistently showed reduced

neuromodulation. When directed at the spleen, preclinical studies have | . 1qr resistance in both spleen and kidney while renal corfical

demonstrated anti-inflammatory effects comparable to vagus nerve stimulation, oxygenation rose

mediated through activation of the Cholinergic Anti-Inflammatory Pathway

1 , : : :
(CAP)!. In animal models, splenic ultrasound reduced proinflammatory cytokine A statistically significant correlation was detected between pre and post

release and protected against ischemia—reperfusion injury, arthritis, and sepsis,

: , , , . splenic stimulation concening:
underscoring the spleen’s central role in neuroimmune regulation?.

However, evidence in humans remains scarce, limited to a few preliminary ex vivo SDRI (r = 0.746, p = 0.034)

reports. Moreover, experimental findings suggest that splenic autonomic reflexes  pHp (r = 0.841, p = 0.009)
may also mediate inter-organ modulation3, indicating that ultrasound-induced SO,r (r = 0 504, o = 0.203)

effects might extend beyond classical CAP activation.

Effect size analysis indicated large effects for both SDRI (d = 1.68) and RDRI
(d = 2.07), supporting the robustness of the findings despite the small
sample. The moderate effect for SO,r (d = 0.45) suggests a consistent,
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Objectives

This exploratory study aimed to assess whether low-intensity ultrasound
stimulation (sFUS) applied to the splenic hilum can induce acute local
hemodynamic changes in splenic and renal circulation in healthy humans. A Figure 1 Figure 2 Figure 3

secondary objective was to explore whether such changes could reflect activation P=0.002 P<0.001 N
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An exploratory experimental study was conducted in 8 healthy volunteers.
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Ultrasound stimulation was applied for 10 minutes at the splenic hilum using o 03}
Logiq Vivid-e system equipped with a 2-5 MHz phased-array transducer, % i)
employing color-pulsed-wave-Doppler. 20}
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Throughout the procedure, continuous non-invasive hemodynamic monitoring | 10}

(ClearSight) ensured exclusion of systemic confounders. 0

‘ ‘ 00 : ~ 0
. . . Pre (T0) Post (T10) Pre (TO Post (T10 Pre (TO Post (T10
Hemodynamic parameters were measured before and after stimulation: i ust 110 (10) (T10)

Splenic Doppler Resistive Index (SDRI) and Renal Doppler Resistive Index (RDRI) Figure 1-3. Changes in splenic (SDRI), renal (RDRI), and cortical renal oxygen saturation (SO_r)
via color / pulsed Doppler US. indices before (blue bars) and after (green bars) ultrasonic splenic stimulation. Bars show mean X SD.

Renal cortical oxygenation (SO,r) via near-infrared spectroscopy (NIRS) Significant reductions were observed in SDRI (p = 0.002) and RDRI (p < 0.001), while SO ,r showed
.« L. . . no significant change.
Statistical analysis: Values are expressed as mean £ SD. Paired t-tests, Pearson

correlation coefficients, and Cohen’s d were used. Significance was defined as p

< 0.05.

Discussion

This study provides the first in vivo human evidence that diagnostic ultrasound applied to the splenic hilum can acutely modulate splenic and renal blood flow. The
significant and reproducible reduction of both splenic and renal resistive indices—occurring without systemic hemodynamic changes—suggests the involvement of
neurogenic mechanisms, potentially mediated by splenic autonomic reflexes.

These results parallel findings from preclinical studies and support the concept of a functional spleno-renal axis in humans. Despite the limited sample size, the
magnitude and consistency of the response strengthen the validity of the observed physiological effect.

Rather than confirming predefined hypotheses, this work serves as a proof of concept, generating new hypotheses and providing a rationale for larger, controlled
studies. If validated, these findings could open new therapeutic avenues, positioning ultrasound—and specifically diagnostic sonography—as a non-invasive
neuromodulatory tool with potential applications across a range of acute and chronic inflammatory disorders and beyond.



