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Assessment of autonomic nervous system 

activity through HRV, with emphasis on 

stress, pain, and inflammation
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Heart Rate Variability (HRV) is a non-invasive 

method to assess autonomic nervous system 

balance
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In human medicine, HRV has gained relevance for 

assessing prognosis in several clinical conditions 

(for example SIRS and SEPSI)

Introduction

The questions are:
How does HRV change according to the clinical condition in 

equine adult and foals?

Does HRV have prognostic value in relation to different clinical 

conditions, such as Hypoxic-Ischemic Encephalopathy (HIE), 

SIRS or sepsis?



Purpose:
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Collecting Additional Clinical Data
Signalment, anamnesis, diagnosis, and SIRS status
collected for each patient

monitor HRV changes in relation to clinical status and outcome in hospitalized equine adult 
and foal

RR interval recording in foals and mares
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HRV analysis by upload of RR interval 

recording in Kubios ® Software



Heart Rate Variability in foals affected 
by Hypoxic Ischemic Encephalopathy 

at various degree of severity 1st 

Foals with more severe neurological and clinical presentations show 

reduced autonomic nervous system (ANS) activity

Foals with worst prognosis have lower ANS activity

Hypotesis:

In human neonates, HRV patterns differ according to the clinical severity of 

hypoxic-ischemic encephalopathy (HIE) and correlate with brain lesions 

and adverse outcomes, becoming evident as early as 24 hours after birth



Level I Methods:
Inclusion criteria: 
1. Foals <48h of age
2. Diagnosis of HIE
3. Normal ECG recordings

Grouping: 
• Level I: mild cases (minimal monitoring)
• Level II: moderate cases (intensive monitoring)
• Level III: critical cases (advanced management and intensive support)

❖Survival 
❖Non-survival

RR interval recordings (Polar ®) of 2h duration→ 2 time point 
• T24
• T24-48

Level II

Level III



Methods:

Statistical approach: differences in HRV variables comparing:
1. Level of care (Kruskal-Wallis)

• For each time point (T24) and (T24-48 ) 
• Variation between age (ΔT: T24-48 – T24)

2. Outcome (Mann Whitney-U test)
• For each time point (T24) and (T24-48 )
• Variation between age (ΔT: T24-48 – T24)

Only for outcome→ Logistic regression and ROC curve
• Each time point (T24) and (T24-48 ) 
• Variation between age (ΔT: T24-48 – T24)

HRV variables considered:
• MeanHR, MeanRR
• SDNN, RMSSD
• LF, HF, LF/HF ratio
• SD1, SD2, SD2/SD1
• DFA α1 and DFA α2

Data analysis: Each recording → 3 x 5-minute resting segments  → Kubios® software



Results:
Level of care:
• T24: no differences between groups
• T24-48 : less critical foals showed ↑ parasympathetic tone and overall ANS 

activity
• ΔT : general ↓ ANS activity in critically ill foals compared to less severe cases

Thirty foals met the inclusion criteria



Results:
Outcome:
- T24: no differences between outcomes
- T24-48 : non-survival foals show SNA imbalance
- ΔT : non-survival foals presented ↑HR and ↑ ANS imbalance

Univariate logistic regression and ROC:
- T24: several variables show good prognostic ability: HR, DFA α1 and α2 
- T24-48: LF/HF, RMSSD, SDNN, HF, SD1, and SD2
- ΔT : 

↓ HR,↑ RMSSD, HF, and SD1 → survivors, 
↑LF/HF, SD2/SD1 and DFA α2 → non-survivors



2nd

Can HRV be used to predict 
postpartum complications 

in mares?

Postpartum complications may alter the HRV pattern in mares leading to a 

suppression of parasympathetic activity

Hypotesis:

Possible postpartum complications in mares:

• Hemorrhage, trauma to the caudal part of the urogenital tract

• Metritis

• GE issue (like colic)

In physiological peri-partum period: high parasympathetic tone



Methods:
After foaling: RR interval recordings (Polar ®) of 12h duration

Data analysis: Each recording → 5-minute interpolated by 1 min→ avarenge across 12h 
→ Kubios® software

Post-partum: physiological (P) or complicated (C)

Preliminary results:

Include a wider range of pathological conditions to strengthen statistical analysis

Future step: Increase number of cases

→ Parasympathetic suppression was not observed despite the presence of infection or pain

14 mares included: 
• 8 with physiological post-partum 
• 6 with post-partum complications (trauma of the urogenital (UG) tract (2), constipation (1) 

and combined GI + UG (3))

No statistically significant differences P vs C

Statistical approach: Mann Whitney U-test → differences in HRV variables 
comparing P vs C 



Pubblications:

Next Steps:
Continue collecting data on sick foals and analyze the effect of SIRS and sepsis on HRV and prognosis

Continue collecting and analyze mares’ recordings to explore the effect of postpartum diseases on HRV

Present them at the SIVE Congress (January 2026) and publish the data already analyzed

Plan the research period abroad



Thank you for your 
attention!


