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Venoarteriolar reflex — vasoconstriction in the
extremitiesin responseto increased venous
presaure —most commonly dueto orthostatic
stress It isdeaeased or absent in:

Advanced age

Diabetes

Ocdusive arterial disease

Raynaud’s syndrome

Postural orthostatic tachycardia syndrome
Chronic venousinsufficiency

The venoarteriolar reflex provides information
about vascular adjustment to orthostatic stress

and isvaluable experimental and clinical tod

Aim of the present study

1. Todescribethetime @urse of theveno-
arteriolar reflex in the upper extremity as
eicited by lowering of the hand below heart
level.

2. To establish whether there are various
forms of responseto the orthostatic stressin
normal healthy young individuals.

3. Tofind out thefeasibility of photoplethys-
mography as an easy tod for recording and
analyzing the venoarteriolar reflex.
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Adjustment to an orthostatic stressinvolves
several different mechanisms and dependson
variousfactors. Therefore, the response @n be
deaeased or absent even in normal healthy
individuals.

Inded, in several previous gudiesthe veno-
arteriolar reflex was decreased or absent in
some of the participantsin the @mntrol group
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Methods

Experimental subjeds

29 healthy subjeds participated in the study —two groups.

* Thefirst group was gudied in supine position.
14 subjeds, 9femalesand 5 males
mean age of thisgroup was 20.2+1.61.

*The second group was gudies while sitting
13femalesand 2 males
mean age of this group was 204+1.47.
All subjedaswere thoroughly informed about the
experiment and have given their consent to participate.

The subjedswere not paid for their participation.




Experimental procedure

The study was performed in

sitting or lying position The

photoplethysmographic

transducer was attached to

the pulp of the distal phalanx

of theindex finger of the left

arm and the subjed was

allowed torest at least 5

minutes with the hand at heart level. At the end of the
resting period photoplethysmography recording was
started and after one minute the hand of the subjed was
passvely moved by the examiner and rested on a support
40cm below heart level. After approximately three
minutesthe arm was returned in itsinitial position and
the recrding was gopped one minute afterwards.

Data processng and evaluation

Thetracings of the recmrded photoplethysmogram
(PPG) were visually inspeded and further processd
off-linewhere variousratioswere alculated.

The maximum amplitude of the PPG was measured
at heart level (H1), at lowered level (D) and back at
heart level(H2). The response was calculated asthe
respedive ratios - D/H1 for loading (orthostatic
stres9 and H2/D for unloading.

Data processng and evaluation
In several subjedsfirst and second derivative of the
photoplethysmogram, FDPPG and SDPPG respedively,
wer e obtained and further evaluated. The Al, (aging

index), and b/a, c/a, d/a, and e/aratios were also
calculated.
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All data were statistically evaluated using Student’ st-test
or paired Wilcoxon’stest as appropriate. Thetemporal
cour se and overall type of the response were assessd by
visual inspedion of the arves.
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Results

The responses differ during 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
Venoarteriolar reflex obtained in sitting position
From all 15 subjedsbeing studies 8 exhibited inversed
loading response (immediate or delayed) and 7 showed
no significant loading response. The unloading
response wasnormal in 2, inversed in 2, and with no
significant responsein the remaining 11subjeds.

PPG amplitude and amplitude ratios

H1 D H2
PPG FDPPG SDPPG PPG FDPPG SDPPG PPG FDPPG SDPPG

Median |0.46 3.397 68364 |066 7.68 14670 056 594 13832

LR-DMH1 UR - H2/D H2/H1 ‘

Ratio 144 226 214 |084 0.77 094 (121 175 2.025

EK
Slight initial
response
then
gradually
reversed

KM _Gradue_llly
increasing
reversed
response
with no
change upon
unloading




sP Gradually
developing
reversed
response,
continuing upon
unloading

DL
Reversed

loading and
unloading
response

Results
Venoarteriolar reflex obtained in supine position

From all 14 subjedsbeing 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

PPG amplitude and amplitude ratios

H1 D H2

PPG FDPPG SDPPG |PPG FDPPG SDPPG |PPG FDPP  SDPPG
G

Median (143 2522 43717 |103 1230 22375 [121 2007 34220

LR-D/H1 UR-H2/D H2/H1

Ratio 0.72 0.49 051|117 163 153 |085 0.80 0.78

EIB

Normal
loading and
unloading

response

BIN Normal
delayed
loading and
immediate
unloading
response

ORE
Reverse

loading and
normal
sustained
unloading
response

DVP
No

significant
change

(irregular

response)

esults

Seond derivative parameters and ratios
Semnd derivative of

PPG was evaluated bla cda da ea Al
only in the supine H1 [Mean [-1.17 005 -0.09 026 -1.36
group. The ratios sD  [024 017 011 009 036

turned out to exhibit
high variability and |p |mean [-1.26 023 -006 034 -178

the differences sb 011 007 013 007 021
between the ratiosin
horizontal and H2 [Mean |-1.13 008 -0.08 030 -1.42

dependent pOStIOﬂ SD 0.16 0.14 0.10 0.05 0.32

of the hand in most
caseswereinsignificant.

Discusson

In view of thevariability of thelocal orthostatic
response assgning of a numerical value does not
seem to add much to the assessment of the
response. M oreover digital analysis of the second
derivativeistime mnsuming and not always
superior to simplevisual inspedion.

Generally several different patterns of local
orthostatic response in the hand can be
distinguished —

« Normal positive immediate response

« Normal positive delayed response

« Normal positivetransient response

* No response/inverse response
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Both VAR and MR contribute to the orthostatic
response. Because of its multifactorial dependencethe
responseis highly variable and unsuitable for smple
numerical analysisunless srictly standardized.

Orthostatic response seems to depend on
initial blood flow

High flow L ow flow

Orthostatic stress

Conclusion

1. There are several different types of normal
local orthostatic responsein healthy young
subjeds.

2. Photoplethysmography is easy and effedive
way to analyzethelocal orthostatic response.

3. Simplevisual inspedion can provide enough
information concerning the pattern of the
orthostatic response.

4. Numerical analysis of the PPG, although
sometimes valuable, may not add significantly
toitsinterpretation.
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