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ABSTRACT
By examining the evolution of (Hb,y) and (Hbgeon)
in NIRS Image tme seres, we have derved indices of the competency of autoregultion. APpYng
these measures to data collected from the forearms of type Il diabetics and normal subjects reveals
statistically significant differences between the two patient populations. While some of the analyses
involve application of a transient ischemia protocol, others consider only data collected during a
resting condition.
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INTRODUCTION
Importance of tissue autoregulation
 issues maintain oxygen balance
- vital organs depend largely on autoregulation for the maintenance of homeostasis
= e.g, brain, heart, kidney, skeletal muscle
« Impairment can drive tissues into oxygen debt
= ratio of Hboxy to Hbdeoxy will be altered
+sufficiently severe alteration will adversely affect metabolism and homeostasis.
=dugs (e.g. nicardipine, remifentanyl, propofol, isoflurane, etc.), hormones (e.g.,
aldosterone, angiotensin, nitric oxide), metabolism, pressure, posture, and various
al affect by alt
+autoregulation is impaired in patients with cardiovascular disease [1]
Challenging task: devise a portable and reproducible technique capable of delineating subtle
differences in-the time- and position-dependent concentrations of b, and Hbqc.
- functional diffuse optical tomography (fDOT) technique [2]
=is safe, effective, portable, requires no skil on the part of the patient, and accurate in
quantifying the level of Hby, Hbg.c and total Hb in tissues
=we have devised a data analysis strategy that yields information about ftissue
microvascular autoreguiation
Patients with type-1l diabetes meliitus (DM2);
- have impaired and myogenic.
= can ultimately lead to vascular hypertrophy [3]
« The hypertrophy can affect autoregulation adversely, and disturb the balance between Hbg
and H sy
« Accordingly, we expect that our autoregulatory-state (ARS) analysis will be able to accurately
delineate differences in these parameters, when cohorts of healthy control (HC) subjects and
patients with DM2 are compared.
« Here we present the results of such a study, which considered fDOT data collected from the
forearms of 37 study participants
= 14 with DM2, 23 HC
= age- and gender-matched

METHODS
fDOT measurements:
« muli-channel, continuous wave, near infrared imager (NIRx Medical Technologies)
« simultaneous dual-wavelength (760nm and 830nm) measurement
« fing-shaped measuring head (Figure 1)
= contains 24 evenly spaced optical fibers
= placed on the subject’sleft forearm
= each fiber acts as both a source and a detector — total of 576 measurement channels
« image data acquisition rate = 2.2 Hz (i.., 1 time frame = 0.45 5)
fDOT scan (Figure 2)
- starts with a baseline period of 1400-1500 time frames (~11 minutes) duration
- followed by rapid inflation of a blood pressure cuf placed about the subject’s left arm
= maximum pressure is 180 mmHg, > systolic blood pressure in almost all subjects
+produces arterial ischemia
= cuff is left inflated for 400 time frames (~3 minutes), then rapidly defiated
« measurement is continued for another ~2200 time frames (~17 minutes)
= subjects’ fDOT responses typically exhibit an episode of reactive hyperemia, followed
by a apparent retur to baseline
Data processing and analysis:
« optical data are low-pass filtered and normalized to a resting-baseline mean value
+ IMages of AHBy,, and AHb,,., concenirations are computed, using a firstorder perturbation
algorithm [4]
- six ARS are defined (see Table 1), according to the algebraic Signs of AHby,, AHb;q,.,, and
their SUm AHBy gy = AHD, + AHb .
= each relational category reasonably corresponds to a different underlying state of
oxygen supplyldemand balance or imbalance
«for analysis of data in the baseline and post-recovery resting phases, twelve plausible
metrics of autoregulatory competence (see Figure 3, Table 2) are considered.
- nonparametric (Mann-Whitney U) tests were performed to determine which of the metrics
revealed significant differences between the HC and DM2 subject groups.
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RESULTS

Exemplary case 1 (Figures 4-7):

+ Subject s a healthy control (HC)
« female, 32 years old, BMI = 24.5

+ Underwent two fDOT measurement cycles
= before a glucose tolerance test (GTT)
= after drinking the GTT beverage

+ Conventional presentation modes. for fDOT resuits reveal some  indications of altered vascular

= reactive hyperemia has lower peak amplitude, and takes longer to develop, post-GTT (Fig. 4(b)
« However, the apparent resut is that the dynamics are essentially identical during the baseline in both
cases, and quickly recover to baseline after ischeia is terminated
= Baseline and resting periods seemingly are indistinguishable

= Second subject has DM2: female, 57 years old, BMI =

+ Conventional presentation for fDOT results (Fig. 8) reveal a gross difference between the subjects' responses

o ischeria
= reactive hyperemia is basically absent in the DM2 subject (Fig. 8(a) (b))

+ Appreciably lower temporal variability also is seen in the baseline- and resting-phase data for the DM2
subject. However, there s litte evidence of between vascular d the baseline
and resting phases

« ARS volume fraction plots (Fig. 9) for these two subjects show that:

= Subject with DM2 has many fewer instances of a predominant ARS state.
= The maximum volume fraction achieved is substantially lower for the DM2 subject
= DM2 subject also experiences an appreciably higher degree of uncompensated oxygen debt during

« Time courses of the ARS volume fractions (Fig. 5) and the evolution among ARS in individual pixels (Fig.
6) reveal differences not only in the reactive hyperemia phase of the experiment, but also during baseline
* e.g., predominant ARS states have appreciably longer average duration afer the GTT than before
= e.g., baseline- and resting-phase dynamics are more similar to each other before GTT than after
« Resolving the 3D AHb, vs. HbO,Sat vs. time curves into their ARS components (Fig. 7) likewise yields
greater insight nto the competence of supply-demand balance
= After the GTT, the subject
+ develops a greater degree of uncompensated oxygen debt during ischeria (Fig. 7(b),
+is less capable of increasing blood supply to meet the demand following release of the ischemia
(Fig. 7(b).(c))
Exemplary case 2 (Figures 8-11):
« Two subjects
= One subject is a healthy control: female, 51 years old, BMI = 21.0

ischemia
+ ARS vs. time for individual pixels (Fig. 10) reveals a higher degree of spatial coordination in the HC subject

+ ARS-resolved 3D plots of AHby vs. HbO,Sat vs. time (Fig. 11) indicate that, for the
subject with DM2, it is difficult to impossible for the vasculature to modulate supply in
response to fluctuations in demand

+ We hypothesize that vasculopathies associated with D2 are the principal determinant of
the observed differences. We predict that

= a similar comparison between two HC subjects, having the same age and BMI
differences as seen here, would show a smaller effect size for those factors
= a similar comparison between HC and DM2 subjects who are perfectly age- and
BMI-matched, would reveal an effect size for DM2 almost as large as in the example
presented here
= Statistcally significant ARS-based group differences will be found between sets of
(C and DM2 subjects
Preliminary ciinical study
+ Two subject groups were included
= Healthy controls (N, = 23)
+10 male, 13 female
« Age: mean = 57.0 years, SD = 7.3 years
+BMI: mean =321, SD =
= Type Il diabetes (N, = 14)
7 male, 7 female
+ Age: mean = 59.8 years, SD = 9.3 years
+BMI (one missing value): mean = 325, SD = 3.3
+ Values for the 12 scalar metrics outined in Table 2 were computed for each subject, for
both the baseline and resting segments of the image time series.
= i.e.,a total of 24 candidate metrics.
* Differences between the groups were assessed using the Mann-Whitney U test.
= Statisticaly significant group differences were found for 4 metrics:
+Baseline segment: Number of backward-directed predominant-state transitions.
+ Resting segment: Number of sub-intervals having a predominant ARS state
+ Resting segment: Number of forward-directed predominant-state transitions.
= Corresponding receiver operator characteristic (ROC) curve [5] is shown in
Figure 12
= ROC curves for the other 3 are similar
+ Resting segment: Number of backward-directed predominant-state transitions
= Diagnostic accuracy parameters—sensitivty, specificty, positive and negative
predictive values, and area under the ROC curve—for the four metrics are listed in
Table 3.

CONCLUSIONS

« The diabetic subjects we examined tend to show a reduced reactive hyperemia response
following an episode of induced ischemia. But aside from this obvious effect, in conventional
fDOT time series data itis difficult to detect differences between results for diabetic and non-
diabetic subjects, or intra-subject differences between the pre- and post-ischemia epochs

“In contrast, patients with DM2 show a markedly different autoregulatory profile when
compared to non-diabetics. This difference, while observable even in an unstressed baseline
condition, is even more apparent following an applied stress such as increased oxygen
demand or decreased blood supply.

« By resolving fDOT image time series into the six autoregulatory states described in this and
accompanying presentations, we can discem large and previously undetected differences
between the pre- and post-ischemic conditions within an individual, between metabolically
stressed and unstressed conditions within an individual, and between subjects with and
without Type Il diabetes.
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