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Abstract

Background & aim: In 2017, WHO estimated 48.9 mil-
lion incident cases of sepsis worldwide, with 11 million
sepsis related deaths. In early stages of sepsis microcircu-
latory function is impaired.An expression for general mi-
crocirculatory function is vasomotion, which is possible to
measure on the dorsal side of the hand using an infrared
camera. Thus, the objective of this study is to assess if sym-
pathetic stimulation changes vasomotion in the peripheral
circulation. Method: To investigate changes in vasomo-
tion, infrared recordings of the hand were obtained. A
cold pressor test was conducted on 10 healthy subjects.
From the infrared recordings, four areas of interest were
selected on the thumb muscle, index, middle and ring fin-
ger, which were converted to signals, and decomposed us-
ing discrete wavelet transform. Specific details from the
discrete wavelet transform were reconstructed to assess
changes in vasomotion. Results: During the cold pressor
test changes in vasomotion were observed. However, there
were no significant changes in vasomotion (thumb P=.237,
index P=.219, middle P=.253 and ring P=.066). Conclu-
sion: The sympathetic stimulation resulted in change in
microcirculatory activity in the hand, however it did not
result in significant change in temperature oscillations in
vasomotion frequency bands.

1. Introduction

In 2017, WHO estimated 48.9 million yearly incident
cases of sepsis worldwide, with 11 million sepsis related
deaths corresponding to an incidence of 677.5 sepsis cases
per 100,000 population [1]. Patients recovering from sep-
sis experience post-complications such as reduced phys-
ical and mental quality of life in the following years,
while 43% of the surviving patients in Denmark are re-
hospitalised within 90 days [2]. Sepsis is defined as a
life-threatening organ dysfunction caused by a dysregu-
lated host response to infection in the blood, while septic

shock is a subset of sepsis where profound circulatory, cel-
lular, and metabolic abnormalities result in increased risk
of mortality [3]. The global burden of sepsis has decreased
through the past 30 years, however, the mortality rate re-
mains at a high level [1].

An evaluation of the microcirculatory function in pa-
tients with sepsis and septic shock might contribute to pre-
dict outcome [4],[S]. An expression for microcirculatory
function in the peripheral circulation is vasomotion. Vaso-
motion is low frequency rhythmic oscillations in the small
resistance vessels generated by the smooth muscles caus-
ing rhythmically dilation and constricting of the vessels
[6]. Sepsis and septic shock frequently causes impairments
in vasomotion and vasomotor control due to injury in the
endothelial cells (EC), which might be one of the underly-
ing reasons for dysfunction of the microcirculation [7].

The impairment in vasomotion, is possible to measure
with an infrared (IR) camera and has been applied in inves-
tigating the blood flow oscillations over time [8], [9]. Also,
it is possible to investigate larger areas of interest (AOISs) in
order to obtain a more representative picture of the overall
microcirculatory function. However, before investigating
vasomotion in sepsis patients, it is necessary to validate a
general method for assessing vasomotion. Therefore, the
objective of this study is to assess changes in vasomotion
during sympathetic stimulation in the peripheral circula-
tion

2. Method

To investigate vasomotion an experiment with the pur-
pose of provoking changes in vasomotion was conducted.
The experiment consisted of a cold pressor test (CPT) in
order to provoke a sympathetic stimulation. The CPT was
induced by placing the subject’s right hand in a bucket
of circulating ice water at 0 °C, while the left hand was
recorded by an IR camera. The sympathetic stimulation
causes a constriction of the blood vessels increasing the
blood pressure, which results in decreased blood flow in
the peripheral part of the body, since the blood is priori-



tised to the large skeletal muscles, the heart, the lungs etc.
Furthermore, the ECs are affected by a sympathetic stim-
ulation, and thereby affecting vasomotion. Thus, it was
hypothesised that vasomotion changes due to the CPT.

To obtain IR video recordings, a thermal camera with
a temperature sensitivity of 0.05°C was used (Gobi-640-
GigE, Xenics, Belgium). The camera was placed 0.40 m
above the left hand of the subject, directed towards the dor-
sal side of the hand. Subjects were placed in a relaxed
supine position with the left hand placed on a table at the
level of the heart. Double sided tape were used to prevent
hand movement. The videos were recorded with a frame
rate of 50.50 Hz. Before starting the recordings, the sub-
jects acclimated for 10 minutes to the room temperature
and to obtain regular blood flow.

2.1. Subjects

10 male subjects aged 22-36 (25.3 £3.92) gave in-
formed consent to participate. As suggested in [10], the
subjects were non smokers, and had not consumed alcohol
or caffeine-containing products within at least four hours
prior to the experiment. Furthermore, the subjects fasted at
least two hours prior to the experiment. Exclusion criterion
for subject enrollment was known cardiovascular diseases.

2.2.  Pre-processing

The recorded IR videos were downsampled to 5.05 Hz,
and consisted of frames containing raw values that were
converted to temperature using a conversion table from the
camera’s calibration file. To assess the temperature oscil-
lations in the hand, specific AOIs were selected. The mean
temperature of each AOI was calculated for each frame,
thus creating a signal representing the vasomotion. The
AOQOIs were on the thumb muscle on the first dorsal in-
terosseous muscle, and between the distal interphalangeal
joint and the proximal interphalangeal joint of the index
finger, middle finger, and ring finger as illustrated in figure
1.

The signals were arranged into four windows; pre-
intervention window (Pre-CPT), intervention window
(CPT), delayed intervention window (D-CPT), and post-
intervention window (Post-CPT). The vasomotion signals
were investigated in Pre-CPT, D-CPT, and Post-CPT using
wavelet decompositon to assess the effect of the interven-
tion. The windows are illustrated in figure 2

2.3. Extracting the Vasomotion Signal

To investigate vasomotion changes the discrete wavelet
transform (DWT) was utilised in order to derive signals
within the measurable frequency range of vasomotion (5-
50 mHz) [11].
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Figure 1. One frame from one of the subject’s recording.
The black squares indicate the four AOIs on the fingers.
The red square in upper left corner indicates the reference
area used to correct the signals for noise and unintentional
camera calibrations.
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Figure 2. The timing of the windows during the recording.
The Pre-CPT from minute 10-18, the CPT from minute
20-22, the D-CPT minute 21-23, and the Post-CPT from
minute 30-38.

From the DWT, detail level 7, 8, and 9 with center fre-
quencies of 9.867 mHz, 19.734 mHz, and 39.467 mHz, re-
spectively, were derived. The derived detail levels were
reconstructed to a new signal, thus containing all fre-
quency components related to vasomotion. To investigate
the changes in vasomotion in the reconstructed signal, the
mean standard deviations (STD) in Pre-CPT, D-CPT and
Post-CPT were calculated.

3. Results

Due to non-physiological interruptions in the IR record-
ings, one subject was excluded from this study. The detail
levels 7, 8 and 9, with center frequencies of 39.467 mHz,
19.734 mHz, and 9.86 mHz and the reconstructed signal
levels for subject 01 are illustrated in figure 3. The oscilla-
tions in vasomotion were not as profound in D-CPT com-
pared to Pre-CPT and Post-CPT. This pattern was followed
by most subjects in the index, middle, and ring finger as il-
lustrated in figure 4.

The mean STDs in the thumb muscle and the three
fingers were between 0.045 °C and 0.046 °C Pre-CPT,
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Figure 3. The detail levels 7, 8 and 9 and the reconstructed vasomotion signal based on these detail levels for subject O1.

between 0.028 °C and 0.035 °C D-CPT, and between
0.030 °C and 0.040 °C Post-CPT. The changes in STD of
the thumb (P=.237), index finger (P=.219), middle finger
(P=.253), and ring finger (P=.066) was not significant be-
tween Pre-CPT, D-CPT, and Post-CPT.
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Figure 4. The mean STD across subjects for the thumb
muscle, index, middle, and ring finger

4. Discussion

To assess changes in vasomotion, detail level 7, 8, and 9
from the DWT decomposing were derived from and recon-
structed to a signal representing vasomotion, and the STD
was calculated in Pre-CPT, D-CPT, and Post-CPT. There
was no significant change in the STD of the vasomotion

signal obtained from the thumb muscle, index, middle, and
ring finger due to the CPT. However, in several subjects, it
was possible to detect changes in STD due to the CPT, but
the results were not statistically significant.

4.1. Investigating the Frequency Bands In-

dividually

The investigated frequencies in vasomotion are in a
range of 5 mHz to 50 mHz corresponding to approximately
200 to 20 seconds for one oscillation. Therefore, the period
of sympathetic stimulation might be too short in order to
find changes in these low frequent oscillations, indicating
that the intervention might last for an extended period than
the two minutes. The CPT is not possible to extend due
to ethical considerations, however, the CPT could be pro-
longed by placing the hand in the ice buckets in intervals
possibly extending the sympathetic stimulation. Moreover,
another longer lasting stimulation could be considered to
assess the changes in the lowest frequencies.

The reconstructed signals of detail level with center fre-
quencies of 39.467 mHz, 19.734 mHz, and 9.86 mHz were
used to investigate the vasomotion. However, it might be
relevant to investigate the detail levels separately in order
to investigate the different components of vasomotion. The
frequency band from 5 mHz to 20 mHz is endothelial de-
pendent, while the frequency band from 20 mHz to 50
mHz is sympathetic dependent [11],[12]. By separating
the detail levels to fit into these bands, it is possible to esti-



mate the effect of the CPT on the sympathetic and endothe-
lial dependent vasomotion separately, which might give a
better understating of which frequencies are changed.

4.2. Microcirculation as a Parameter for

Assessing Sepsis Patients

The microcirculatory function is impaired in sepsis pa-
tients [4],[5], which might be valuable in the early stages
of sepsis [13]. Therefore, assessing the microcirculatory
blood flow from IR recordings and DWT might be a pos-
sible supplementary parameter to the macrocirculatory pa-
rameters, in the early stages of sepsis. The alterations in
the microcirculatory perfusion result in organ dysfunction
[14]. Therefore, by evaluating the patient’s microcircula-
tory blood flow with IR recordings through the course of
sepsis, it might be possible to assess the general oxygen
perfusion in the body, possibly preventing organ dysfunc-
tion and other consequential damages to the body. How-
ever, it is currently challenging to apply an assessment of
microcirculatory function, since there is a lack of standard-
ised targets and a generalised therapeutic methods target-
ing to restore the microcirculatory parameters. [15]

5. Conclusion

The sympathetic stimulation induced by the CPT re-
sulted in changes in microcirculatory activity in the hand,
however there was no significant changes in vasomo-
tion. The non-significant change in vasomotion was found,
which could be investigated further with an IR camera with
a higher sensitivity. The change in microcirculatory ac-
tivity from the sympathetic stimulation might be a useful
finding for assessing dysfunction in microcirculation as a
predictor in patients with sepsis in early stages.
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