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Introduction Management of Microvascular Dysfunction in DM

Microcirculation is an essential system that regulates oxygen and nutrients to
cells and tissues in response to various environmental stimuli and

. . s . o . - Both aerobic and
pathophysiological conditions. Diabetes mellitus can cause microvascular resistance exercise [10].
complications including nephropathy, neuropathy, and Activities of daily Moderate-to-rigorous

. h living can be intensity of exercise for
retlnopat Y. Weight-bearing exercise integrated for 150 min per week [43].
is recommended to exercise programs. People who are

Research studies have demonstrated that functional microvascular Weight-bearing people with diabetes, Weight-bearing physically inactive
dysfunction appears much earlier than structural alterations in exercise DAV including people at risk activities stimulate should start from

for diabetic foot ulcers. plantar tissues to breaking down

vasculature in diabetes. This finding of the progression from microvascular maintain sufficient sedentary time before

. . . . . tiff : ' ise [9].
dysfunction to macrovascular disease establishes a foundation for screening e Both upoer ercise Ul

and early diagnosis of diabetes by assessing microvascular function. limb muscles [44].

Modality Principle Benefits Guidelines (Dosage)

This comprehensive review discusses technologies (laser Doppler, Non-weight-bearing With diabetic foot

Non-weight-bearing ulcers,

transcutaneous oximetry, infrared thermography and near-infrared Non-weight- exercise is needed for activities may reduce non-weight-bearing
bearing exercise [9]  people with open risk for diabetic foot

spectroscopy) with computational methods (linear, nonlinear and machine Fiabetic foot ulcers. ulcers. i"jﬁ;eh‘jafl‘iﬁg’mote
learning approaches) for diagnosing microvascular dysfunction in Intervention
diabe tes Mechanical vibration

The use of vibration to improves b'IOOd flow Intermittent local
to reduce tissue

This review also evaluates current interventions (weight-bearing exercise, non- Local Vibration [45] Stmulate blood flow hemin vibration can be

control for improving applied to plantar foot.

weight bearing exercise, vibration, and thermal therapy) used to manage microcirculation. fatient% do not need
. . . . 0 exercise.
microvascular dysfunction in diabetes.

Local heat like warm
bath could induce

Diagnosis of Microvascular Dysfunction in DM Thermal therapy thermal vasodilation

The use of heat to induce improves blood flow for improving

Thermal a vasodilatory response to reduce tissue microcirculation. A

1. Laser Doppler flowmetry and imaging is based on Doppler effect to Therapy [46] for improving tschemnia. careful assessment is

microcirculation. Patients do not need needed to avoid

monitor blood flow velocity in perfusion unit (e.g. Perimed PeriFlux 6000). to exercise. overheating in people

with diabetic
- Blood flow neuropathy.

2. Transcutaneous oximetry uses local heating to measure oxygen and carbon .

dioxide molecules in mmHg (e.g. Radiometer TCM). e e PR L TR . RS UINMES N R e

Kadoglou 2013 06 01 21 -02 005 23 267% -0.40[-0.45,-0.35 .
- Transcutaneous oxygen Bacchi 2012 04 048 19 -035 055 19 17.1%  -0.05[-0.38,0.28] — N

Sukala 2012 -01 0686 9 -01 11 9 59% 0.00 [-0.82, 0.82]
Yavari 2012 -1.33 108 15 -055 047 15 93% -0.78[-1.38,-0.18]
Church 2010 -012 082 72 -0.04 0.81 73 196%  -0.08[-0.35, 0.19] ==

3. Near-infrared spectroscopy uses Beer-Lambert Law to assess the Ku 2010 0 12 15 0 03 13 63%  0.00f078 07

. . . . . . . Ng 2010 -03 08 30 -04 06 30 15.0% 0.10[-0.29, 0.49) 1
concentration of hemoglobin in the tissue in uM (e.g. Hitachi) o5 - 2 o0 0191041 000 -
-~ Oxygenati()n (oxyhem()gl()bin and deoxy-hemog]obin) Heterogeneity: Tau®= 0.05; Chi*= 18.83, df = 6 (P = 0.004); = 63% i 4 : = .

Testfor overall effect: Z=1.65 (F=0.10) Favours [Aerobic] Favours [Resistance]

B
4. Infrared thermography can measure the skin temperature in °F (e.g. FLIR). e e B i MR s peteiges

Mean Mean

o Kadoglou 2013 09 04 22 -06 01 21 B7.0% -0.30(-0.47,-013) -
Sklll temperature Yavari 2012 174 097 15 -133 108 15 37% -0.41[1.14,032)

Church 2010 023 08 76 -042 082 72 293% -0.11[0.37, 0.15] —

Total (95% Cl) 113 108 100.0% -0.25[-0.39, -0.11] <&

5. Computational methods use signal and imaging processing to classify Helerogenefty:Chi = 1,61, df= 2 (P = 0.45); F= 0% - + | ;

. . . . . . . Test for overall effect: Z= 3.45 (P = 0.0006) T :
microvascular status, including linear (thermal index, wavelet analysis), nonlinear . Favours (Combination] Favours [Aerobid

(sample entropy, fractal, correlation dimension) and machine learning Combination Resistance Mean Difference Mean Difference

Study or Subgroup  Mean _ SD_Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

(convolutional neural network, AlexNet, Vgg-19, ResNet-18) methods. Kadoglou2013  -09 04 22 -02 005 23 384% -070}087,-053) S
Yavari 2012 -1.74 0.97 15 -055 047 15 257% -1.19[-1.74,-0.64]

- Complex microvascular dynamics Church 2010 .023 08 76 -004 082 73 358% -0.19[-0.45, 0.07] ——
Total (95% CI) 113 111 100.0% -0.64 [-1.10, -0.19] et
Heterogeneity: Tau®= 0.13; Chi*= 15.36, df = 2 (P = 0.0005); F= 87% 5 3 0 3

Control 0O Controls Apstieroyerall gt £ -4, ¢0 (r =L 0R) Favours [Combination] Favours [Resistance]
Diabetic @ Diabetics FIGURE 3. Forest plots of mean difference in reduction of HbA;. (A) between aerobic and resistance exercise groups, (B) between combined and
aerobic exercise aroups. and (C) between combined and resistance exercise aroups. df, dearees of freedom: IV, inverse variance.
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TI me (m I n) FIGURE 2 Illustration of analysed skin blood flow parameters in one intermittent pneumatic compression (IPC) cycle during the IPC Baseline  IPC-l - IPC-D IPC-ID - Recovery Baseline  IPC-L IPC-D IPC-ID - Recovery Baseline  IPC-l - IPC-D IPC-ID - Recovery

60 mmHg 90 mmHg 120 mmHg
Flg 1' BlOOd ﬂOW response to thermal (left upper) and meChanlcal (left lower) Stresses m dlabetlcs and Wavelet_ FIGURE 3 Toot skin blood flow (SBF) of diabetic subjects (A-C) and healthy subjects (D-F) in baseline, IPC, and recovery stages. *
based analysis indicating metabolic endothelial, neurogenic and vascular smooth muscle-based controls (right). indicates there isa sgnificant difference in SBF between the two corresponding stages, P <05, P < 01, IPC_: mean value of SBF in

inflation periods during TPC stage; IPC_D: mean value of SBF in deflation periods during IPC stage; IPC_ID: mean value of SBF in inflation
and deflation periods during IPC stage. IPC, intermittent pneumatic compression
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In this comprehensive review, recent advances in imaging and optical
technologies with computational methods used to diagnose microvascular

Skin blood flow >

6 8 10 dysfunction are reviewed. Research studies have demonstrated that local
vibration and whole-body vibration can improve microcirculation in various
pathological conditions, including diabetes. Due to the complex nature of
microvascular regulation, various computational methods have been developed to
i Nt No diabetes Diabetes shed light on the influence of diabetes on microvascular dysfunction. This

S £ comprehensive review will contribute to the diagnosis and management of

Fig 2. Dorsal and plantar blood flow in diabetics. O microvascular dy'SfllIlCtiOIl in diabetes.
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Fig. 5. Sample entropy of dorsal and plantar blood flow signals in the control Fig. 6. Dorsal and plantar skin temperature in the control group and the dia-
group and the diabetes group. The symbols ** represents p < 0.01 using betes group. The environmental temperature was maintained at 24 *+ 2°C.
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Fig 3. Sample entropy and thermal index of the dorsal and plantar blood flow in diabetics.
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