Measurement of Sublingual Blood Velocity as a Todbr Monitoring
Sepsis

Leonard W. Winchestefenior Member, IEEEand Nee-Yin Chou

Abstract—Measurements of sublingual blood velocity and
blood flow were performed at normal body temperatue and
after both hot and cold stimulation. Laser speckle
measurements of blood velocity were compared with
measurements of blood flow obtained with a commeral laser
Doppler flowmeter. Sublingual blood velocity incrased in all
subjects in response to both hot and cold stimulain as
compared with that at normal temperature.

|l. INTRODUCTION

N healthy subjects, the sublingual blood circulatie a
dense network of vessels. During organ injuryniicant
changes in microvascular hemodynamics occur. @Gtiyre

there exist no noninvasive monitoring techniquest th

provide realtime and quantitative assessment ofirgual
microcirculation. The orthogonal polarization naiscopy

(OPM) method has been used to identify the natudre o

microcirculatory dysfunction in sepsis, but theadate not
guantitative or reproducible [1]. Plethysmogragias been
used to measure qualitative fluctuations in the#leolume.

Taking advantage of the optical coherent effecq taser-
based techniques, laser speckle imaging (LSI) aserl
Doppler imaging (LDI), have been applied to measine
movement of red blood cells (RBCs). The LDI isdise

measure the flux of the RBCs. It is usually emphbyor

point measurements. It demands a scanning mechdais
2D image mapping. The LSI measures the specklgasin
which is then used to obtain blood velocity infotima.

[I. LASERSPECKLEIMAGING

Laser speckle was initially viewed as a noise tantil its
recent application as a means of measuring vedsciti
Temporal variations of the speckle contrast atyepeint on
the image are extracted from the acquired lasecképe
pattern. Spatial distribution of the speckle imégebtained

by computing the average intens(Mx, y)> and the speckle

Sxy)
(1(xy)
where (X,y) is the standard deviation of intensity ovie t
pixel neighborhood. The speckle contrast valuesreliated
to blood flow velocity distribution [2]. Flow vetities are
obtained from spatial statistics analysis using tiplel

scattering analysis of two or more images of thraesacene
at different exposures.

d(x,y) = @

Sublingual blood velocity data at different subliag
temperatures were collected from healthy subject2()
using the LSI technique. For comparison purposes,
sublingual area was also measured on two healtbjecis
using the LDI technique.

EXPERIMENTAL METHODS

A. LSI Measurement

Figure 1 shows a block diagram of the LSI systeéxtie-

Ne laser (1.5 mW, 632.8 nm) was used as the ligitce to
provide a stable and well-defined Gaussian beahe laser
radiation was delivered to the sublingual areaaraoptical
fiber. A high-performance, monochrome, CCD camera
(DVC 4000M-00-GE) was used to capture the LSI insage
It utilizes an on-chip electronic shutter and citigufor gain,
exposure, offset, and frame rate adjustments. CI®e has a
pixel size of 7.4 m x 7.4 m and a peak quantum efficiency
of more than 55%. A zoom lens assembly was atththe
the camera to collect the scattered radiationlitth® CCD’s
active area of 2048 x 2048 pixels. The speckle gias set
to match that of the pixel size by using an adpistdield
stop on the lens.

Accuracy of the velocity retrieval from speckle mes
improves if one uses short exposure for high véfoci
measurements and long exposure for low velocity
measurements. Speckle contrast increases witkeasitiy
exposure. Two exposures, 2 ms and 4 ms, were fased

contrastd(x,y) over a pre-defined neighborhood of a poingyblingual blood velocity measurements.

(X, y). The speckle contrast is defined by:
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B. LDI Measurement

The LDI used is a moorLDI2 (Moor Instruments,
moor.co.uk). After selecting the scan region dfeiiast
(ROI), each sublingual measurement session tooltaibs.
The LDI measurement results are in the form of w fl
image.



Caucasian male) was also measured using the LiDhges

were collected at normal, warm, and cold tempeestur
Each scan of the sublingual area took about 60 hschw
made it difficult to accurately record the temperat

changes during the measurement session.

D. Data Analysis

The value of the speckle contrast at every imagel pias
computed using (1). The variancé, of the spatial intensity
is equivalent to the time average of the autocewvae,
C.(), of the intensity fluctuations,

2 1T
s*(M= Gy @
0
where T is the integration time.
Fig. 1. Block diagram of the LSI system. For stationary processes, the single-scattering

approximation of ¢ ) can be written as a decaying
exponential with a correlation timg Equating (x,y) in (1)

C. Study Protocgl ) ) with  (T) in (2), a characteristic velocity can be obéain
The study consisted of measuring the sublinguabdlo /
©)

velocity of 20 apparently healthy subjects (11 nramge 22 Ve = ot
— 48 years; mean 30+4 years). The study protatolkmed ) ) P C?
consent, and case report form were approved by tﬁégureZS_hc_)ws the_relatlonshlp between specklérastnand
Institutional Review Board (IRB) of Riverside Rega Ccharacteristic velocity.
Medical Center (Newport News, VA). Before the
measurements, subjects were instructed not to omnsu
caffeine, alcohol, food, or smoke at least thregr&igrior to
data collection. After obtaining the signed infechhconsent,
subjects were requested to complete the subject
characteristic portion (age, gender, and raciarmétion) of
the case report form. The subject’s body tempezatlood
pressure, and heart rate were measured by the study
researchers and recorded. Measurement sessioastivesr
conducted as follows:
1) A pulse oximeter was attached to the subject’strigh
index finger. This signal is used to trigger data
acquisition.
2) The subject placed his/her chin on a chin rest to
minimize motion effect.
3) The subject then opened his/her mouth, raising the

tongue to expose the sublingual area. Fig. 2. Relationship between speckle contrastlzsid
4) The instrument was aimed at the sublingual area and velocity at five different exposures.
manually focused. A sequence of images were aadjuir ) ] ] .
to collect baseline temperature information. Multiple scattering from flowing RBCs and statiopar

5) The subject was then asked to repeatedly swishehnis/ tissue complicates the procedure for retrieving olo

mouth with warm water (J=55.4C). Steps 2 through velocities from intensity fluctuations. Evolutiafthe phase
4 were then repeated ' ' difference of the scattered light can be treated asries of

6) The subject was then asked to repeatedly swisheris/ scattering events. One appligs the.autocorr.elaitjm.)tion,
mouth with cold water (J=3.7°C). Steps 2 through 4 C;(¢), of the speckle contrast intensity to retrieveoedy,
were then repeated.

7) The measurements may be repeated and image data Ci(f) =1+ b(exp@nil;(¢)- 1) - exp(2m)) @
collected by a second operator to obtain reprodlitgib
information. where b is the optical coherence of the signal at the ingw

. ] position, m is the average number of collisions pheton
Sublingual blood flow o_f two apparently healthy mpdis undergoes with a moving particle, andi(f) is an
(a 22-year-old Caucasian female and a 24-year-old



intermediate scattering function containing the oedy
dependence of the scattering by the RBCs. Multiple
scattering effects are incorporated by calculatimnig,
obtaining s from (2), and evaluating; (¢) . Both & and

m are obtained from examining the scattering prqcasd
li(f) can be evaluated as a function of blood velocity

distribution.

IV. RESULTS

Figure 3 shows a typical image of the illuminated
sublingual area. A typical set of three velocitapping
images taken at different temperatures, 25.@op), 36.4C
(middle), and 41.4C (bottom), is shown in false color in Fig.
4. The images shown are from Subject #12 (a 24-glea
Caucasian male). Sublingual blood velocities eahffom
0.15mm/s to 0.7 mm/s for all three temperaturebhe
velocity distributions for both warm and cold terrgieres
shift to higher values from that of the normal temgiure.
Fig. 5 shows a typical image of the sublingual sesa and
the resulting flux image taken with the moor instant.
Values (in arbitrary unit) of the mean and standiediation
of the measured sublingual blood flow at cold, naitnand
hot temperatures are 784+384, 569+300, and 660%63,
respectively.

Fig. 3. An unprocessed image of the sublinguad.are

Fig. 5. LDI images, left-unprocessed; right-fluxfalse
color.

Fig. 4. Sublingual blood velocity mappings at cfitup),
normal (middle), and tot (bottom) temperatures.



V. DISCUSSIONS

The increase of sublingual blood velocity at botit And
cold temperatures from that at normal temperatige i
observed at all 20 subjects. This effect is alsseoved in
the LDI measurements of the two subjects. Duééoldng
scanning time (60 s) for the LDI measurements effect of
motion artifacts can be clearly seen in Fig. 5.

Using the laser Doppler velocimetry, Heckmann e{3|
and Heckmann et al. [4] investigated the effectcofd
stimulation on the microcirculatory responses ie tral
cavity of a group of healthy control subjects ordpnd the
controls and the burning mouth syndrome (BMS) pésie
respectively. They found that in both control aBWMS
groups, the mucosa blood flow increases in resptmske
cold simulation and this increase tends to retorrthiat at
normal temperature with no significant changesearhrate
or blood pressure.

It may be explained that the autoregulation is mondre
pronounced in the sublingual area than that in the
extremities, such as the hand. The blood flow ddtthe
hand measured with the moor LDI show a slower flatw
cold temperature (152+92 a.u.) and a faster flowwatm
temperature (650433 a.u.) than that at normal éeatpre
(355£203 a.u.). The same trend was also observehei
hand measurements using the LSI [5]. Heckmann. ¢8Ja
attribute the behavior of oral mucosa blood flow the
complex innervation from cranial parasympathetigesior
cervical sympathetic, and trigeminal nerves, intincp a
specific and unique regulatory mechanism for tleaar

VI. CONCLUSIONS

Sublingual blood flow velocity values were obtained
healthy subjects at varying sublingual temperatursing
both LSI and LDI techniques. The measurement t2&am
both methods agree for all subjects. Additionalhg results
agree with those observed by Heckmann et al. [3] an
Heckmann et al. [4]. Future research involves the
application of the LSI technique on ICU patientsfuaher
investigate the potential of the technique for rammg early
signs of sepsis.
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