
1

Time course and variabilit y 
of the venoarteriolar reflex

Angel Kurtev, Milcho Georgiev

Saba University School of Medicine, 

Depar tment of Physiology

Saba, Netherlands Antil les

email : akur tev@hotmail.com

MU – Sofia, Faculty of Medicine

Depar tment of Physiology

1431 Sofia, Bulgar ia

email : mgeorgie@medfac.acad.bg

Introduction

Postural changes

Orthostatic stress 

Neurocirculatory adjustment

After Vissing et al., 1997

Baroreceptor reflexes
Cardiopulmonary
Arter ial

Positional reflexes
Vestibular reflexes
Exercise
Venoarter iolar reflex
Myogenic response

Venoarter iolar reflex – vasoconstr iction in the 
extremities in response to increased venous 
pressure – most commonly due to or thostatic 
stress. I t is decreased or absent in:

Advanced age
Diabetes
Occlusive ar ter ial disease
Raynaud’s syndrome
Postural or thostatic tachycardia syndrome
Chronic venous insuff iciency 

The venoarteriolar reflex provides information 
about vascular adjustment to or thostatic stress 
and is valuable experimental and clinical tool 

Stewart et al., 2003

Indeed, in several previous studies the veno-
ar teriolar reflex was decreased or absent in 
some of the par ticipants in the control group

Adjustment to an or thostatic stress involves 
several different mechanisms and depends on 
var ious factors. Therefore, the response can be 
decreased or absent even in normal healthy 
individuals.

Malanin et al., 
(1988) 
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1. To describe the time course of the veno-
ar teriolar reflex in the upper extremity as 
elicited by lowering of the hand below heart 
level.

2. To establish whether there are var ious 
forms of response to the or thostatic stress in 
normal healthy young individuals.

3. To find out the feasibili ty of photoplethys-
mography as an easy tool for recording and 
analyzing the venoarteriolar reflex.

Aim of the present study
Exper imental subjects

29 healthy subjects par ticipated in the study – two groups. 

• The first group was studied in supine position. 
14 subjects, 9 females and 5 males 
mean age of this group was 20.42±±1.61. 

•The second group was studies while sitt ing
13 females and 2 males
mean age of this group was 20.4±±1.47. 

All subjects were thoroughly informed about the 
experiment and have given their consent to par ticipate. 

The subjects were not paid for their par ticipation.

Methods
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Exper imental procedure

The study was performed in 
sitt ing or lying position The 
photoplethysmographic 
transducer was attached to 
the pulp of the distal phalanx 
of the index finger of the left 
arm and the subject was 
allowed to rest at least 5 
minutes with the hand at hear t level. At the end of the 
resting period photoplethysmography recording was 
star ted and after one minute the hand of the subject was 
passively moved by the examiner and rested on a suppor t 
40 cm below hear t level. After approximately three 
minutes the arm was returned in its initial position and 
the recording was stopped one minute afterwards. 

The tracings of the recorded photoplethysmogram 
(PPG) were visually inspected and fur ther processed 
off-line where var ious ratios were calculated. 

The maximum ampli tude of the PPG was measured 
at hear t level (H1), at lowered level (D) and back at 
hear t level(H2). The response was calculated as the 
respective ratios - D/H1 for loading (or thostatic 
stress) and H2/D for unloading.

Data processing and evaluation

Data processing and evaluation
In several subjects first  and second derivative of the   
photoplethysmogram, FDPPG and SDPPG respectively, 
were obtained and fur ther evaluated. The AI ,  (aging 
index), and b/a, c/a, d/a, and e/a ratios were also 
calculated.

Takazawa et al., 1998
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All data were statistically evaluated using Student’ s t-test 
or paired Wilcoxon’s test as appropr iate. The temporal 
course and overall type of the response were assessed by 
visual inspection of the curves.

Results
The responses differ dur ing loading (lowering of 
the hand) and unloading (returning it to the 
heart level).

They may be normal (decrease upon loading and 
increase upon unloading), inversed (opposite 
changes), immediate, delayed, transient and 
sustained.

Results
Venoarter iolar reflex obtained in sitt ing position
From all 15 subjects being studies 8 exhibited inversed 
loading response (immediate or delayed) and 7 showed  
no significant loading response. The unloading 
response was normal in 2, inversed in 2, and with no 
significant response in the remaining 11 subjects.

2.0251.751.210.940.770.842.142.261.44Ratio

H2/H1UR - H2/DLR - D/H1

138.325.940.56146.707.680.6668.3643.3970.46Median

SDPPGFDPPGPPGSDPPGFDPPGPPGSDPPGFDPPGPPG

H2DH1

PPG ampli tude and ampli tude ratios

EK

KM

Slight initial 
response 

then 
gradually 
reversed

Gradually 
increasing 
reversed 
response 
with no 

change upon 
unloading
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SP

DL

Gradually 
developing 
reversed 
response, 

continuing upon 
unloading

Reversed 
loading and 
unloading 
response

Results
Venoarter iolar reflex obtained in supine position

From all 14 subjects being studied 9 exhibited normal 
loading response, 2 - inversed loading response and 3 –
no response. The unloading response was normal in 12 
with only 2 exhibiting no response 

0.780.800.851.531.631.170.510.490.72Ratio

H2/H1UR - H2/DLR - D/H1

342.2020.071.21223.7512.301.03437.1725.221.43Median

SDPPGFDPP
G

PPGSDPPGFDPPGPPGSDPPGFDPPGPPG

H2DH1

PPG ampli tude and ampli tude ratios

EIB

BIN

Normal 
loading and 
unloading 
response

Normal 
delayed 

loading and 
immediate 
unloading 
response

ORE

DVP

Reverse 
loading and 

normal 
sustained 
unloading 
response

No 
significant 

change 
(irregular 
response)

Results

Second derivative parameters and ratios
Second derivative of
PPG was evaluated
only in the supine
group. The ratios
turned out to exhibit
high var iabili ty and 
the differences 
between the ratios in 
hor izontal and 
dependent position 
of the hand in most 
cases were insignificant. 

0.320.050.100.140.16SD

-1.420.30-0.080.08-1.13MeanH2

0.210.070.130.070.11SD

-1.780.34-0.060.23-1.26MeanD

0.360.090.110.170.24SD

-1.360.26-0.090.05-1.17MeanH1

AIe/ad/ac/ab/a

Discussion
In view of the var iabili ty of the local or thostatic 
response assigning of a numer ical value does not 
seem to add much to the assessment of the 
response. Moreover digital analysis of the second 
derivative is time consuming and not always 
superior to simple visual inspection.

Generally several different patterns of local 
or thostatic response in the hand can be 
distinguished –

• Normal positive  immediate response 
• Normal positive delayed response
• Normal positive transient response
• No response/inverse response
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Orthostatic stress

Increased 
venous pressure

Increased ar terial  
pressure

Myogenic or thostatic 
response - MR

Venoar teriolar r eflex -

VAR

Both VAR and MR contr ibute to the or thostatic 
response. Because of its multifactor ial dependence the 
response is highly var iable and unsuitable for simple 

numerical analysis unless str ictly standardized.

Orthostatic response

Orthostatic response seems to depend on 
initial blood flow

High flow Low flow

Orthostatic stress

Normal or thostatic 
response

Decreased/absent 
or thostatic response

Low flow 
POTS patients

Supine group Sitt ing group

High flow 
POTS patients

Healthy 
subjects

Disease

Conclusion
1. There are several different types of normal 

local or thostatic response in healthy young 
subjects.

2. Photoplethysmography is easy and effective 
way to analyze the local or thostatic response.

3. Simple visual inspection can provide enough 
information concerning the pattern of the 
or thostatic response.

4. Numer ical analysis of the PPG, although 
sometimes valuable,  may not add significantly 
to its interpretation. 
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