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Abstract

Quantification of blood oxygen saturation ($0n vivo is essential for understanding the
pathogenesis of diseases in which hypoxia is thought to play arrrdieding inflammatory
disorders such as multiple sclerosis (MS) and rheumatoid arthritis YR&dlescribe a low-cost
multispectral microscope and oximetry technique for calibration-free absmtineetry of
surgically exposed blood vessels in vivo. We imaged the vasculatire ddtsal spinal corid
healthy rats, and varied inspired oxygen (fi@ order to evaluate the sensitivity of the imaging
system to changes in 2O 'he venous SPwas calculated as 67.8 + 10.4% (average * standard
deviation), increasing to 83.1 £ 11.6% under hyperoxic conditidbB8%1FiQ) and returning
to 67.4+ 10.9% for a second normoxic period; the venous B&s 50.9 + 15.5% and 29.2 £
24.6% during subsequent hypoxic states (18% and 15% FéSpectively). We discuss the
design and performance of our multispectral imaging system, andktine §cope for extending
this oximetry techniqué quantification of hypoxia in inflamed tissue.

Keywords: multispectral imaging, oximetry, spinal cord vasculature

1. Introduction

Tissue hypoxia is associated with inflammationa range of diseasésitzschig & Carmeiiet, 2011)
including rheumatoid arthritis (RAjTaylor & Sivakumar, 2005)and inflammation of the central
nervous system such as occurs in multiple sclerosis (MS) (Davies, et al., 2013) (Dalsa20dt6)
Multispectral imaging (MSI) has become established as a method for oximetrs diNtbrse variety
of in vivo applications, including non-invasive retinal oximetry (Mordanw@l., 2011; Choudhary, et
al., 2013), ocular microvascular oximetry (MacKenzie, et ai., 2016), and investigdtimmour
hypoxia in mouse models (Sorg, et al., 2005). The principle of MSI oximetry is based upon & oxyg
dependent optical absorption of haemoglobin - the dominant absorber of light in blaod. Fghows
the molar extinction coefficients of oxygenated and deoxygenated haemoglobin (valugxdrom
1999).

Vascular oximetry using MSI involves estimation of the absorbance of bloselsy@s various
oxygen-insensitive (isosbestic) and oxygen-sensitive wavelengths. Optical danstg empirically
related to S@ provided there are known reference values for in vivo blood oxygenationve-g
wavelength oximetry in the retina (Beach, et al., 1R9Mfortunately, for many applications there are
no known reference values. Absolute calibration-free oximetry may be achieved enovgv
determining transmission of a vessel imaged at multiple wavebands, and flit measured
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A multispectral microscope for in vivo oximetry of rat dorsal spinal cord vascelatu

transmission values to a theoretical optical model. The model we employ here is basddeupon
modified Beer-Lambert law, and includes optical absorption, scattering, and othi@epsarss. In this
study we applied a multispectral oximetry algorithm which builds upon quswvork by others
(Schweitzer, et al., 1995) (Smith, et ai., 2000). In addition, we introduce a t@atlastion parameter

to account for the effects of variations in thickness of tissue overlying blood vasdeigighbouring
tissue (see Section 2.3).

Extinction coefficients (1/cm M)

1 02 1 1 1 1 1 1 I I I
400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)

Figure 1. Molar extinction coefficients of oxygenated (HB@nd deoxygenated haemoglobin (Hb) as
a function of wavelength (Prahl, 1999).

To date, the SPdynamics of the rat spinal cord dorsal wehave not been thoroughly
investigated, with only a few limited studies conducted. Figley et al. (2@®)rted use of a
commercial two-wavelength photoacoustic tomography (PAT) imaging system to naotataporary
decrease of the dorsal vein S0 rats during hypoxia, however the method for calibration of the PAT
and non-imaging light-reflectance spectroscopy respectively, to monitor chiang@scentration of
oxyhaemoglobin in the rat spinal cord in response to electrical stimulationlufdSO; values were
not reported, however.

Here we introduce a multispectral imaging system suitable for in vivo oximetry, and a
complementary multispectral oximetry algorithm. The imaging system wagnddsand assembled
using low cost, off-the-shelf optical components. We present results of measurem@rdus SQ@in
the dorsal spinal cord vasculature of anaesthetised healthy control ratsrdunmaxia (21% fraction
of inspired oxygen [Fig}), hyperoxia (100% Fig), and hypoxia (18% and 15% F)OThis approach
could be applied to the in vivo study of a variety of experimental modelkighvypoxia is thought
to play a role.

2. Methods

2.1. Multispectral microscope

A schematic of the multispectral microscope is displayed in Figure 2. Tdneseope was designed
such that the back focal length of the objective adldwsufficient working space for accegsthe
exposed spinal cord of a rat under general anaesthesia. The microscope a¢sbrenabfor surgical
equipment and was portable so as to be transferred between labs if necessarmaighification,
wide field-of-view system was implemented enabling oximetry of blood veaselss a range of
diameters, and multispectral images between 546 nm and 600 nm were acquired.
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A multispectral microscope for in vivo oximetry of rat dorsal spinal cord vascelatu

lllumination was provided by a white LED (MWMWHL3, Thorlabs) with a caditor lens of focal length

40.0 mm (COP-5A, ThorlabsAn additional lens (LA1509, Thorlabs, f = 100 mm) served as a
condenser lens for the illumination path. The LED was controlled by a 4-chdwivesi (DC4100,
Thorlabs). A liquid crystal tuneable filter (LCTF) (VISHE-20, Varispec) provided electronically-
controllable spectral discrimination in 1 nm steps between 400 and 700 nm, with dp8etidth at

half maximum of 8xm. Orthogonal polarisation imaging was used to null specular reflections from
blood vessels and ensure that only light which had diffused through tissue was imaged. This was
achieved by placing a linear polariser (LPVISE200-A, Thorlabs) in the illuromgiath arranged to

be orthogonal to the polarisation axis of the LCTF.

A single lens reflex (SLR) served as the microscope objective (AF Nikk@&; f = 50 mm)
and was configured for finite conjugate imaging. The position of the SLRchamd be manually
translated along the z-axis for adjustment of focus. A digital SLR camera (DBRAQs) was used as
the detector.

Images were saved as 14-bit RGB NEF (RAW) format and converted to uncompressed
greyscale TIFF images for analysis. Greyscale conversion involved selectimgheitred or the green
channel of the sensor and subtracting the respective dark current channéloitheotred or green
channel was made for each waveband based on which provided higher SNR at that wéwvebadd
channel was used for 580 <A <600 nm, and the green channel for 546 <A <570 nm. Image acquisition
rate was limited by the USB camera interface, which transferred RAW imagesitat of one image
every 7.5 seconds; thus a 6-band multispectral dataset was acquired in approximately 45 seconds total.
The SLR CMOS detector had 4288 x 2800 pixels and was 23.6 mm by 15.8 mm. TheVield of
this configuration was approximately 3.69 mm by 2.47 mm, giving a magroficédictor of 6.4
corresponding to 0.88 pwm per pixel. Automated control of illumination, spectral filtering, and image
acquisition was achieved using a custom LabVIEW interface.

LED
CL
P

DSLR camera

Figure 2. Schematic of multispectral microscope. LED: light emitting diode; collimating lens; P:
linear polariser; L: condenser lens; BS: beamsplitter; LCTF: liquid crigstehble filter; SLR lens is
oriented with back focal plane towards the target. The illumination pathoign in green, and the
imaging path in red.

2.2. Multispectral image processing and determination of optical transmission
Six wavebands were selected for imaging: 546, 560, 570, 584, 590 and 600 nm. Sensitivityes chang
in SQ:was provided by the 560 nm, 590 nm and 600 nm wavebands. The 546 nm, 570 nm and 584 nm
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A multispectral microscope for in vivo oximetry of rat dorsal spinal cord vascelatu

wavebands were isosbestic, i.e. their absorptions are oxygen-insensitive (see BHigdhese
wavebands provided close to optimal transmission for oximetry in vessetsiapgiely 100um in

diameter. Accurate oximetry is possible for 0.1 < T < 0./ (Smith, 1999), wherth@ goportional
transmission of light propagated through the blood vessel. Wavelengths litvager600 nm
areunsuitable, as light of this wavelength is weakly absorbed by oxygenatedylwemaesulting in
low contrast and hence sub-optimal transmission for accurate oximetry. Waveleeigihs546 nm
had poor signate-noise ratio due to the low intensity of the LED and the low transmiséibe €CTF

at these wavelengths, and as such were also deemed unsuitable.

All image processing was implemented using custom algorithms in MATLAB. Imagestlat
waveband were co-registered to form a 6-waveband multispectral data-cube. Viessetsacked
semi-automatically using user-defined control points. A vessel-profilegfiigorithm (see Figure 3)
was used to estimate vessel diameter at each waveband at each poinhaleegg. Diameter
estimation was based on the technique described by Fischer et al. (2000 yatiikraldetermines
edges of the vessel as the points of greatest gradient in the 546 nm line profile. From tlmeter di
of a vessel in pixels, and hence diameter in microns, could be determined. Tramsafisessels at
each wavelength was then determined by a second vessel fitting algorithstintates background
intensity (,), a linear fit (the red dashed line in Figure 3B) was applied to poiritee line profile
adjacent to the vessel. A second-order polynomial was fitted to the profile inside theéo/essiehate
the intensity at the centre of the vesggl(the black dashed line, Figure 3B). The transmissigrof

the vesselvas then calculated by = (Ii)

Only vessels meeting the following inclusion criteria were selected foiricpakd oximetry analysis:

1. Vessels with diametéfetween 50 and 130 pum.

2. Vessels producing a transverse line profile at least three timegligumeter, and free of gn
adjacent vessels, to avoid systemic error in optical transmission calculation.

3. Vessels without taper - e.g. due to curvature around the spinal cord tissue.

Typically only one or two vessels per rat met these inclusion criteria.

vessel
diameter

Raw data of vessel profile
(== == |_inear fit for |,
= = = Vessel fit for |

Greyscale intensity (a.u.)

Distance (pixels)

Figure 3. (A) Schematic of line profile along a spinal cord vesselany such line profiles are taken
along each vessel for analygB) Illustration of vessel fitting algorithm used determine vessel diameter
and estimate transmission of light at each waveband.

2.3. Oximetry algorithm
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A multispectral oximetry algorithm based on the work of Smith et ai. (2088)d&veloped to estimate
SO from transmission values of blood vessels. This algorithm fits a thesdretiodel of vessel
transmissionto experimentally measured transmission values, yielding an estimation ,0fT8©
theoretical model predicts the wavelength-dependent transmission of a blood vkseelrofliameter
by accounting for blood oxygen saturation and incorporating empirical values for extiactd
reduced scattering coefficients reported in the literature (Prahl, 1999; Bosschaart e: alF 2@,
we add an extra parametea contrast reduction parameter - to compensate for local variations in tissue
thickness overlying vessels. This tissue tends to add a scattering component whies nezksel
contrast and hence transmission values, leading to incorrect estimati®. ofhis section briefly
describes how the modets derived.

From the Beer-Lambert law of optical transmission and absorption, we firstdiéhe optical
density (OD) of a blood vessel as:

0D = logyo(T) = €(A)Cyprd, 1)

where T(T = Ii) is the experimentally measured transmission of a vessel as depicted3ndidghe

vessel diameter, {7 is the molar concentration of total haemoglobin, af) is the effective optical
extinction coefficient of haemoglobirg(41) is dependent on both the oxygen saturation and
wavelength-dependent molar extinction coefficiestg,,,(1) and ey,(1) of oxygenated and
deoxygenated haemoglobin respectively. We used accepted values from the literatora stigure

1 (Prahl, 1999). These values are derived from human blood, but it has been showrdifiatehee
between the absorption of light by haemoglobin in rats and humans is minimatgZgtsal., 1994).
Defining ¢ and ¢ as proportional concentrations of oxygenated (khib&hd deoxygenated (Hb)
haemoglobin respectively, (1) is rewritten as

0D = (enpo,(D) ¢1 + emp(A) ¢3)d 2

where ¢ + & = Chpr, S0C1 = ChprSO: and ¢ = Chpr(1— SG), andSGQ; is the oxygen saturation; in other
words, the proportion of oxygenated haemoglobin in the total solutitrarhoglobin. It was also
necessary to introduce a parameter to account for the optical scattering propéites .of2) is thus
rewritten as:

OD = Cyprd |(emvo, () — €15 (1)) SO, + ey (D)] + ' ) ®)

where theu’(1) is the wavelength-dependent reduced scattering coefficient, which considers
wavelength-dependent scattering (Faber, et al., 2004). By using compiled average vata#srifig
coefficientsu(1) and scattering anisotropy factgggd), we determined these reduced scattering
coefficients ' (1) = u(1)(1 — g(1)) (Bosschaart, et al., 2014).

Two parametergy andg, are also introduced to account for the combination of single-pass
transmission (light diffused through adjacent tissue and back-illuminingessel) and double-pass
transmission (light transmitted directly through the vessel and scatterkedrbm distal tissue). This
concept is based on Smith, et al., (2000). Equation (3) is then rewritten in terms of transasissio

T = (04 10~ (Cror a[(erp0, W= £np@)502+ rp )]+’ (W) (4)

+ ﬂlO‘(ZCHbT d|(enbo, (M= eap@))s0,+ eHb(A)]+2u’(A)d))
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192 Finally, it was consided that various factors other than Say alter the measured
193  transmission values, such as scattering by overlying tissue. Théngnsygstem itself may also
194  introduce scattering and hence a loss of contrast. Contrast reduction was incorporatadraasmin
195 greyscale intensity, of both the background and the vessel. Transmission was hence re-@sfined

, I+I, I
196 T'(D) = (10+Ic

197  yields: T'(1) = T(1)(1 — K) + K. Applying this substitution to (4), a final model for transmission was
198  derived:

). A contrast parameter K was introduced such khat . By substitution, this

10 [

199
T'(2) = (a 1O—(Cm:T(/'l)d[(eﬁlbo2 M- €Hb(l))502+ €Hb(l)]+li'(/1)d) )
+ 310—(chbTu)d[(eHbozu)—eHbu>)soz+eHb(A)]+zu'(A)d)) (1-K) +K.
200 The experimentally measured transmissions are then fitted to (5) using a nde#iseaguares

201 fit. Additionally, vessel diameter was allowed to vary from the meastessel diameter by 5 um.
202  This yields estimated values eaf, 8, K, and SQ The resulting fitswere robust, with S@
203  approximately constant along the vessel. Figure 4 presents an illustrative eg@iqperimentally
204  obtained transmissions along a blood vessel at all six wavebands, and the rE8€ultagies along
205 the vessel, as produced by the algorithm.

206
Oxygen Saturation SOZ along blood vessel
Transmission values (Iflo) along blood vessel at varying wavelengths 100 ;
1 -
80
08
2
= —~ 60
.E 06 £ '\WW
w o~
5]
: & 4
E 04}
=
0.2 | 20
W
0 . . | 0 . )
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
207 Pixels along vessel Pixels along vessel

208  Figure 4. (A) Example of transmission profile along a tributary vesd®).SO, estimated by the
209  multispectral oximetry algorithm along the same vessel.

210

211  2.4.Invivo imaging procedure

212 All procedures involving animals were carried out in accordance with the ARRIMElmes and the
213  United Kingdom Home Office Animals (Scientific Procedures) Act 1986. femnale Dark Agouti rats
214  (average weight 18§) were used for the control validation study. A laminectomy was pegfbtmder
215 2% isoflurane anaesthesia in room air, and the dorsal aspect of vertebral segmastretoved to
216  expose the cord for imaging. After surgery, the isoflurane was reduced to 1.5 femainder of the
217  experiment, including all imaging. Motion due to animal heart-beat and breathingr@éde a
218  challenge for in vivo imaging, but surgical sutures were used to reduce |laddiregght on the rat
219  ribcage and the spinous process rostral to the exposed cord was clamped in ptaeenusdified
220  hemostatic clamp, minimising motion sufficiently for imaging. Similartetrigs have been employed
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in other studies which imaged the murine spinal cord (Johannssen & Heimchen, 20i€joiiViet
al., 2014), (Cadotte, et al., 2012).

Arterial SQ was monitored and recorded throughout the experiment using a pulse-oximeter
collar (MouseOx, STARR Life)A homeothermic heating mat and rectal temperature probe maintained
the rectal temperature at 37°C. For each rat, image exposure time for each wavebartidwsas op
ensure sufficient exposure and to avoid image saturation.

Assessing changes in $Que to changes in Fis an effective way of testing the sensitivity of the
oximetry technique. To assess response to changes imHi€althy rats, Fi@was varied sequentially
with three full multispectral datasets acquired at each stagpe ekperiment. The following sequence
was used: baseline normoxia (21% Fi@ 10 minutes), hyperoxia (100% Fi@r 10 minutes), return
to normoxia (normoxia 2, 21% Fidor 5 minutes), then incrementally decreasingFi®induce
progressive hypoxia (hypoxia 1, 18% and hypoxia 2, 15%; 5 minutes each). Similaolsrbtve been
used in previous oximetry studies (MacKenzie, et ai., 2016), and have been shown to produce
sequence dBO, changes that is clearly distinct from normal physiological variation.

3. Results

3.1. Images acquired

Multispectral images were successfully acquired at baseline normoxia 1, hypeooriaxia 2, and
hypoxia 1 for all four rats. Rat 1 died before the hypoxia 2 oxygenation stateHithYoand thus
hypoxia 2 data are omitted for this rat. Representative multispectral imagesspinatcord dorsal

vein are shown in Figure 5. The large dorsal vein lies on the dorsal surface of the spinal cottalong t
rostral-caudal axis, with numerous smaller tributary veins. The large dorsas vemabsorbing for
accurate oximetry, so tributary veins were arediyprovided they met the inclusion criteria described

in Section 2.2.

3.2. Response to changes in FiO

Average venous Sralues are shown in Figure 6. Corresponding arterial values, as measured by the
pulse oximeter, are also presented. As expected, average baseline vepdnsr&83ed during
hyperoxia (67.8 £ 10.4% [mean * standard deviation] increasing to 83.1 + 11.6%gtamed to
baseline values during the second state of normoxia @671@.9%) and further decreased during
subsequent hypoxic periods (50.9 + 15.5% and 29.2 + 24.6% respectively). The differavezade
SO, between consecutive oxygenation states were all statistically significa @p, pairwise t-test),
with changes between normoxia 1 and hyperoxia, hyperoxia and normoxia 2, and n@raoxia
hypoxia 1 all highly significant (p < 0.01). The normoxia baseling &Mues and changes due to FiO
interventions are physiologically plausible (normal venous iS@pically ~70%), helping to validate
our multispectral oximetry algorithm. The results for ven8@sfor all individual animals are shown
in Figure 7 and Table 1. Vessel diameter measurements for all animals are suthmariskele 2
including results of a pairwise t-test between all diameter values at comsemuytgenation states
which suggested no relationship between measuredr@Dvessel caliie.
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584 nm 590 nm
Figure 5. Multispectral images of spinal cord dorsal vein vasculature in a single etnadim dorsal
vein lies on the dorsal surface of the spinal cord, with numerous tributasjeiiing the larger vessel.
The scale bars represent 500 pm.

3.3. Repeatability and inter-animal variability of measurements

Repeatability of measurements was assessed by performing three measurementat djiaS€line
normoxia for each individual rat, where physiological variations are expected minimal. The
average standard deviation of repeat measurements across all animals wasS(2.28%s deviation

is much lower than changes in S@bserved due to variation oi®; — which was above 15% between
normoxia and hyperoxia, and even greater for changes between normoxia and subsequent states
hypoxia. This indicatd sufficient repeatability over individual vessels for ascertaining @&mingSQ.

The changes in venous s@bserved throughout the experiment were strongly correlated with
changes in arterial SOas measured by the pulse oximeter. The calculated Pearson correlation
coefficients r were 0.74, 0.79, 0.87, and 0.88 for each rat respe¢pvel§.01). There was, however,
considerable variation in average baseline venousb®@@veen individual rats, ranging from 53% to
78% at normoxia. We did not find a correlation betweéhuariation in venous S{and the baseline
arterial SQvalues. Some physiological variation is expected between rats due to potentiahdéter
in depth of anaesthesia and the temperature of the exposed spinal cord (daispiteance of rectal
temperature), both of which may affect venous oxygen saturation.
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Figure 6. Average venouSQ; across all animals with variation in FiGCorresponding average pulse
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standard deviation.
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Table 1. SO, measurements for individual control rats.
Average rat SQ + standard deviation (%)

Rat 1 Rat 2 Rat 3 Rat 4 Average Change
(p-value)
Normoxia 1 74.6 53.1 65.8 77.9 67.8 n/a
(21% FiQ) +0.1 +0.5 +6.6 +1.9 +10.4
Hyperoxia 90.5 65.2 86.1 90.6 83.1 <0.01
(100% FiQ) +0.3 +1.93 +8.3 +2.3 +11.6 '
Normoxia 2 72.2 51.4 68.1 78.0 67.4 <0.01
(21% FiQ) +6.4 +2.1 +4.7 +0.2 +10.9 '
Hypoxia 1 39.6 36.9 57.7 69.4 50.9 <0.01
(18% FiQ) +12.7 +6.2 +7.2 +0.7 +15.5 '
Hypoxia 2 12.2 13.8 61.5 29.2
(15% FiQ) NIA +47 +6.00  +34 s206 005

Table 2 Vessel diameter measurements throughout the experiment.

Average vessel diameter * standard deviatio(um)

Rat 1 Rat 2 Rat 3 Rat 4 (g_r:/z?g:)
'?;{;loéig)l 1045+0.9 87706 595+14 100511 nia
(ngg"ég 1081+06 89.8+18  59.3+14 103.0+3.3  0.89
'2';{220;‘:;)2 1055+1.6 87.6+07 57.9¢+500 97.7+13 081
(?é@?ﬁi}l) 107.0+0.7 86.0+0.7 60.8+17 99.4+14  0.88
('g‘;‘;’l‘:'g N/A 81.7+0.6  61.7+1.3  99.3+0.2  0.34

4. Discussion

4.1. Performance of the multispectral microscope

The multispectral microscope provided images of the dorsal vasculature ratt thiginal cord with
sufficient magnification and spectral contrast for oximetry of vessel®xpmately 50 to 13Qum in
diameter. Data acquisition was fully automated using a LabVIEW interface tmisenacquisition
time and potential human error. Further, the multispectral microscope was asseithbtgtithe-shelf
components, making it a relatively simple and cost-effective device. Using al 8giR CMOS
detector was cost-efficient in comparison with scientific CCD or CMOS dete@nts provided
sufficient performance. Further reduction in cost could be achieved by replaein@ TR with a bank

of bandpass filters. The LCTF has the advantage of rapid tuning and adaptability, Tt LC
transmission is low and it is the most costly component of the microscope. A compuiredled filter

10
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wheel would result in slower switching between wavebands, but this would be coragdnsahorter
integration times afforded by higher optical throughput.

Integration time was less than 1 second for all wavelengths; for the 584 nmn5&¢d 600
nm wavebands where LCTF transmission is higher, the integration time was as 00 ass.
Multispectral dataset acquisition rate was limited, however, by the LabVIEW Sideraacontrol
toolbox used (LabVIEW Camera Control for Nikon SLR, Ackerman Automation). 8héting data-
transfer speed was limited by the USB 2.0 capability of the SLR camera, wmitédliimage
acquisition to once every 7.5 seconds. This resulted in an acquisition time of approxba@etynds
for a multispectral dataset. Acquisition time could be greatly improvedurefbly using a SLR camera
with USB 3.0 capability.

4.2. Performance and validation of oximetry algorithm for in vivo imggi

Our oximetry algorithm is based on an algorithm published by Smith et al. (2000)eahdves used
empirical values of scattering coefficient, anisotropy factor, and extincoefficients of oxygenated
and deoxygenated haemoglobin to provide a transmission-based model for estimation Af SO
contrast-reduction parameter was also added to compensate for the effectissfiargverlying blood
vessels.

Vessel diameter may influence other parameters in our algorithm, such as dexpteabEcattering
and optical path length of light. In two-wavelength oximetry, for exampleasitdeen reported that
large retinal veins are estimated to have a lower blood oxygen saturation than \ssiradléHammer,
etal., 2008), but this may be a vein-diameter dependent calibration artefacivaveiength oximetry.
We found that fluctuations in diameter for a given vessel between consecutive diogstetes were
not statistically significant (see Table 2).

It is clear from measurement that our oximetry analysis provides physiolpgitalisible
values for S@ is sensitive to changes in §@nd is insensitive to vessel diameter. However, highly
accurate validation of our oximetry algorithm remains challenging in vivolsi\thie correlations with
arterial pulse oximeter data go some way towards explaining the variabitigseline venous SO
verifying the absolute values produced by our technique is diffisaloption for an in vitro validation
study is to use whole ex vivo blood in transparent fluorinated ethylene prepfAEP capillaries,
placed on a diffuse white reflective background material such as Spetfraln vitro validation
requires variation 080, in blood, generally achieved by addition of measured quantities of sodium
dithionite (Briely-Sabo & Bjornerud, 2000). However, sodium dithionite alteregshmlarity of blood
which affects optical properties, including scattering coefficients and eopgdt-riebel, et al., 2010).
The development of a more realistic phantom and an alternative method to aytifleiadygenate
whole blood, such as the use of nitrogen gas, would be beneficial arttbwitinsidered for future
studies (Ghassemi, et al., 2015) (Denninghoff & Smith, 2000).

Many tributary vessels present in the images were too small gsnb@ meet our inclusion
criteria: such vessels absorb light too weakly for accurate oximetrythédtivavelengths used. To
enable analysis of smaller vessels, blue wavelengths (at which absorptiorhes) liguld be
incorporated into the imaging scheme, providing sufficient contrast foraaecdetermination of
transmission profiles. This would increase the number of veins appropriate for analysis.

5. Conclusions
We have developed a cost-effective multispectral microscope to enable in vilwatwaii-free,

absolute oximetry of surgically-exposed dorsal veins of healthy rats.aBS®vessel diameters of
tributary dorsal veins were calculated for a range of inspired oxygen coniosstrathis algorithm

11
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yielded physiologically plausible values for §for each rat during normoxia, hyperoxia and graded
hypoxia, with SQ changing as expected. Further, these results correlated significantly with
corresponding arterial S@alues as determined by pulse oximet

The imaging system and oximetry technigue provides sufficient sensitv@8@tsuch that it
may be applied to the study of a variety of disease models where hypoxia may ber.aTfae
preliminary results presented in this paper suggest that any significant cimaB@eselated to specific
pathological changes will be quantifiable, and it is hoped that future studngsthisi technique will
provide a deeper understanding of disease pathology. The oximetry algorithopddvaiay beady
extended to a wide range of other applications in future where localiseahé3urement is required
in vivo, such as oximetrin rodent models of multiple sclerosis, rheumatoid arthritis and non-invasive
retinal oximetry in humans.
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