
Chapter 12 

Mesoscale Imaging of Stroke 

Adam Santorelli, Colin T. Sullender, Christopher Smith, 
and Andrew K. Dunn 

Abstract 

Preclinical research allows neuroscientists and engineers to investigate both physiological effects of stroke 
and the subsequent recovery, as well as design, test, and optimize novel imaging methods and devices. 
Anesthesia is widely used to help sedate animals; however, the use of anesthesia has been shown have 
systemic effects on neuronal and vascular function. Thus, awake imaging in rodents has gained popularity. 
Specifically, awake imaging for stroke enables a better understanding of the process of ischemic stroke 
formation, the mechanisms of neuronal death, and the subsequent recovery period. In this protocol, we 
provide a guide on the development of a laser speckle contrast imaging system that allows for the 
implementation of a novel dual-modality system that allows for awake imaging and a targeted photothrom-
bosis method. Laser speckle contrast imaging (LSCI) is a label-free optical imaging technique that can 
provide continuous full-field images of the blood flow dynamics of the cortical surface. We harness this 
technique to provide continuous monitoring of the vasculature of the cortex to allow for user-defined 
targeted regions for photothrombosis in awake mice. Furthermore, we show how the system can be used 
for chronic awake imaging of stroke mice to assess the revascularization of the infarct region. 

Key words Cerebral blood flow, Optical imaging, Laser speckle contrast imaging, Multi-exposure 
speckle imaging, Neurosurgery, Awake stroke imaging 

1 Introduction 

The transition to fully awake imaging eliminates the systemic effects 
of general anesthesia. Anesthesia is widely used in preclinical neu-
roscience research to sedate animals while imaging despite systemic 
effects on neuronal and vascular function [1]. Isoflurane has been 
shown to reduce excitatory synaptic transmission [2], impair oxy-
gen autoregulation [3], suppress the magnitude and speed of neu-
rovascular coupling [4], and cause abnormal increases in cerebral 
blood flow (CBF) [5, 6]. Isoflurane has also been shown to convey 
neuroprotective effects that may reduce the severity of ischemic 
lesions [7, 8] and suppress the occurrence and frequency of spread-
ing depolarizations [9]. These effects can mask the benefits of
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neuroprotective agents and potentially impact the outcomes of 
long-term studies [10, 11]. Additionally, the use of different gen-
eral anesthetics (urethane vs. isoflurane) can lead to conflicting 
vascular measurements [12–14].
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Laser speckle contrast imaging (LSCI) is a full-field, label-free, 
optical imaging technique that can provide continuous maps of 
blood flow; thus, it can be used in an extensive number of applica-
tions across neuroscience, dermatology, dentistry, and ophthalmol-
ogy [15, 16]. Studies have covered research topics such as 
monitoring CBF during ischemic stroke induction [17], chronic 
monitoring of the vasculature remodeling after stroke induction 
[9, 18, 19], investigating the effects of isoflurane-based vasodila-
tion [20], and studying the impact of obesity on CBF [21]. There 
have also been advancements in research to integrate speckle con-
trast measurements within a surgical microscope for intraoperative 
use [22, 23]. 

Multi-exposure speckle imaging (MESI) was developed as an 
extension of LSCI to provide a more robust estimate of the corre-
lation time constant (τc), ultimately allowing for accurate chronic 
monitoring of vascular blood flow. MESI requires collecting LSCI 
images over a wide range of camera exposure times to properly 
sample the underlying flow dynamics. While the complexity of the 
MESI hardware has been challenging to integrate into a clinical 
setting [23], MESI has been used for a wide array of in vivo mouse 
studies. MESI can create flow maps, commonly using the Inverse 
Correlation Time (ICT, 1/τc) as a quantifiable metric to represent 
flow, thus creating ICT maps, over the entire region of interest 
(ROI) that is being imaged. MESI is noninvasive (once a cranial 
window has been implanted), and does not require any dye injec-
tion, thus we are able to perform continuous imaging both during 
the stroke induction and any chronic imaging during the 
subsequent recovery period, the repeated measurements do not 
induce any unneeded stress on the mouse. 

Animal models of ischemic stroke are extensively used to study 
the mechanisms of neuronal death and recovery and to perform 
preliminary testing on neuroprotective interventions. While there 
are numerous techniques for inducing focal ischemia, the majority 
rely upon occlusion of the middle cerebral artery (MCA) and its 
branches. The MCA is the largest cerebral artery in the brain and 
the most common vessel involved with human ischemic events 
[24]. The models that can most reliably reproduce the lesions and 
pathophysiology of human stroke (e.g. ischemic core and penum-
bra) offer the best experimental platforms for preclinical research. 

Intraluminal MCA occlusion (MCAo) is the most widely used 
technique and is performed by introducing a monofilament suture 
into the internal carotid artery to block blood flow to the MCA 
[25]. This model is capable of inducing both permanent and tran-
sient focal ischemia similar to that of human stroke and does not



require craniotomy. The procedure results in large-scale infarct 
volumes (21–45% of ipsilateral hemisphere) that most closely 
resemble malignant infarction in humans [26]. However, the 
majority of human strokes are much smaller in size (4.5–14%) 
[26, 27], making traditional MCAo a poor model for studying 
recovery at a similar scale. 
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The photothrombosis model of stroke induction uses intravas-
cular photooxidation to generate well-defined cortical lesions 
[28]. Photosensitive dyes such as rose bengal are injected intrave-
nously and irradiated with light to produce singlet oxygen, which 
causes localized endothelial damage initiating platelet aggregation 
and thrombus formation [29]. Rose bengal has been extensively 
utilized as a photothrombotic agent [30, 31] and has well-
characterized pharmacokinetics with fast clearance from the body 
[32]. A significant advantage of the photothrombotic model is the 
ability to stereotactically control the position and size of the infarct 
to target specific functional regions. However, the technique results 
in rapid vasogenic edema, which is thought to restrict the develop-
ment of the ischemic penumbra and local reperfusion [26]. 

A digital micromirror device (DMD) is an optical semiconduc-
tor device that consists of a two-dimensional array of thousands of 
individually addressable mirrors that can be tilted to spatially mod-
ulate light. The DMD offers a new method for targeted photo-
thrombosis that allows for increased control over the stroke 
induction process compared to conventional techniques that only 
illuminate a single focal volume. Entire vessels, arbitrarily shaped 
regions, or even multiple locations can be simultaneously occluded 
by using the DMD to pattern the irradiating light. By specifically 
targeting vessels, collateral photooxidative damage to the sur-
rounding tissue can be minimized. 

The elimination of anesthesia from neuroimaging experiments 
has grown increasingly popular in recent years with two primary 
strategies taking the forefront. The first is the use of head-mounted 
miniaturized components [33–35]. While this technique allows for 
freely moving tethered imaging, it requires extensive optical engi-
neering, increasing the complexity and associated costs, addition-
ally, it introduces significant motion artifacts caused by normal 
animal behavior [34]. The second strategy, which is implemented 
in this chapter, permits the use of existing imaging platforms and 
involves restraining the animal’s head while positioned on a tread-
mill [4, 36–39] or confined in a small chamber [40]. This technique 
allows for walking or running in place while minimizing motion of 
the head and imaging region. 

The procedure in this protocol can be summarized as follows; 
first, a chronic cranial window, with an attached headbar, must be 
implanted in the mouse subject; secondly, the imaging and 
targeted-stroke induction system must be modified to allow for 
awake imaging, this includes the integration of a low-profile



continuous belt treadmill and the optics required for the MESI 
system and DMD-targeted photothrombosis. Finally, we outline 
the process to simultaneously collect blood flow images from awake 
mice during the stroke induction, and the subsequent recovery 
period, including details for chronic imaging to assess recovery. 
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2 Materials 

2.1 Cranial Window 

Implantation 

1. Use medical air vaporized isoflurane (2.0%) via nose-cone 
inhalation to anesthetize the mouse. 

2. Use a feedback heating pad (such as DC Temperature Control-
ler, FHC) to maintain body temperature at 37 °C. 

3. Monitor vital signs via pulse oximetry (MouseOx, Starr Life 
Sciences). 

4. Place the mouse in a head-fixed stereotaxic frame (Narishige 
Scientific Instrument Lab) and administer carprofen (5 mg/kg, 
subcutaneous) for anti-inflammation and dexamethasone 
(2 mg/kg, intramuscular) to reduce the severity of cerebral 
edema following removal of the skull. 

5. Sterilize all tools and the artificial cerebrospinal fluid (ACSF, 
buffered pH 7.4) in an autoclave. 

6. Shave and resect the scalp to expose skull between the bregma 
and lambda cranial coordinates. Apply a thin layer of cyanoac-
rylate (Vetbond Tissue Adhesive, 3 M) to the exposed skull to 
facilitate the adhesion of dental cement. 

7. Using a dental drill, (0.8 mm burr, Ideal Microdrill, Fine 
Science Tools) remove a 2–3 mm diameter portion of the 
skull over the frontoparietal cortex while leaving the dura 
intact. Ensure regular ACSF perfusion to prevent overheating. 

8. Place a 5 mm round cover glass (#1.5, World Precision Instru-
ments) over the exposed brain. 

9. Deposit a dental cement mixture along the perimeter while 
applying gentle pressure to the cover glass. This process 
bonds the cover glass to the surrounding skull to create a 
sterile, air-tight seal around the craniotomy and allows for 
restoration of intracranial pressure. 

10. Align the circular cutout in the headbar with the cranial win-
dow and rotate it laterally until parallel with the cover glass. 
This ensures that the cranial window will be perpendicular to 
the imaging system’s optical axis when the animal is restrained 
in the awake imaging setup. 

11. Apply dental cement around the headbar to permanently 
attach it to the animal’s skull.
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12. Apply a second layer of cyanoacrylate over the dental cement to 
further seal the cranial window (see Note 1 for additional 
details). 

2.2 Awake Imaging 

Treadmill System 

The design of the awake imaging treadmill system is based on 
[39, 41], and allows for one-dimensional self-propelled movement. 
This low-profile system allows for ease of use with most optical 
systems designed in labs. Additionally, this system minimizes 
motion artifacts due to vertical variations that were encountered 
with the foam wheel treadmill design. The mouse was restrained by 
fixing the head plate into the holder. 

Materials 

1. Four 25 mm square optical construction rails (Thorlabs 
XE25L09). 

2. Two ½″ diameter posts (Thorlabs TR12). 

3. Two right-angle mounts for ½″ diameter rods 
(Thorlabs RA90). 

4. Two ½″ diameter brass or steel rods to act as headplate bars 
(custom machined for holding headplate; schematic available at 
http://github.com/blinklab). 

5. Two 2–56 screws for attaching headplate to brass rods. 

6. One 1.5″ wide black polyester ribbon flat belt (Creative Ideas 
GRO1102-030). 

7. Two sets of LEGO tires and axles (front and rear roller) that are 
0.25″ and 0.375″ respectively. 

8. Vero Black, for 3-D printing the main body (Janelia Labs, 
J005549 NRB Main Body schematic). 

Construction 

1. Form the base of the treadmill using four optical construction 
rails (Fig. 1), which allows for integration with the optical table 
and optical components. 

2. Print the main body of the treadmill using a high-quality 3-D 
printer. 

3. Screw the main body of the treadmill into the optical rail 
housing. 

4. Integrate the LEGO tires and wheel with the main body of the 
treadmill. 

5. Wrap the ribbon belt across the wheels to form the flat belt that 
will allow for self-propelled motion.

http://github.com/blinklab
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Fig. 1 Photographs of the awake imaging system showing the (a) low-profile, 
self-propelling belt treadmill, with (b) a close-up of the pulley system, and (c) a  
mouse placed under the optical imaging system with its head-restrained on the 
belt treadmill using the permanently attached headbar 

6. Screw the two ½″ diameter Thorlabs posts into the optical rails, 
approximately centered over the midpoint of the treadmill. 

7. Place one right-angle mount on each post, about 1½″ above 
the surface of the treadmill, so that the headplate bars can be 
passed through the mounts and meet above the treadmill. 
Adjust the right-angle mounts until the headplate bars can 
hold a headplate without straining the metal. Rotate the head-
plate bars so that they are at a known angle relative to the 
surface of the vibration isolation table. Also make sure that 
this angle will hold the mouse’s head in a reasonable position 
(see Note 2 for treadmill maintenance). 

2.3 Optical Imaging 

Setup Requirements 

A detailed explanation of the design, requirements, and implemen-
tation of the MESI system has been reported previously [42]. Here 
we include the modifications necessary for the targeted stroke 
induction (Fig. 2). 

1. Stroke induction laser: Use a continuous wave green laser 
(typically 532 nm such as the 200 mW AixiZ LLC) to induce 
the targeted photothrombosis (when coupled with rose bengal



Mesoscale Imaging of Stroke 291

DMD 

CMOS 

685nm
 

AOM 
600µm Fiber 

0th 1st 

532nm 
Patterned Excitation 

LSCI Illumination 

Fig. 2 A detailed schematic of the dual modality system that includes the MESI system and the DMD targeted 
stroke systems 

dye). The packaged diode laser has a 2 mm collimated output 
that operates at a fixed current with convection cooling. 

2. Use a neutral density filter (OD 1.0, NE10A-A, Thorlabs, Inc.) 
to attenuate the laser power. Usually only about 20 mW is 
needed. 

3. Couple the green light into a fiber optic patch cord. 

4. To relay the laser light, prior to creating the pattern, use a fiber 
optic patch cord with a 600 μm core size. This light will be used 
to illuminate the DMD. 

5. A DLP® LightCrafter™ Evaluation Module (Texas Instru-
ments Inc.) was modified to expose the bare DMD 
(DLP3000, 608 × 684 pixels, 7.6 μm pitch, Texas Instruments 
Inc.), see Note 3, for illumination. The spatially patterned 
modulated light was then relayed to the sample with 0.5× 
magnification. 

6. Imaging light source: A wavelength-stabilized laser diode (ide-
ally in the 600–850 nm wavelength range), capable of generat-
ing a decent amount of power, to ensure sufficient light at the 
shortest exposure time (ideally on the order of 50 μs), is the 
ideal choice of illumination for MESI (for example, 50 mW, 
HL6750MG, Thorlabs, Inc.). 

7. Temperature-controlled housing: Mount the chosen laser 
diode in a laser diode mount with integrated temperature 
control (for example, TCLDM9, Thorlabs, Inc.). 

8. Temperature controller: For stability and repeatability, use a 
temperature controller (TEC, such as TED200C, Thorlabs, 
Inc.) to set and maintain the laser diode operating temperature.
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9. Laser diode controller: For the stability and repeatability of the 
illumination light, drive the laser diode with a constant current, 
controlled by a laser diode controller (such as the LDC202, 
Thorlabs, Inc.). 

10. Light modulation: Use a free space AOM (for example, 
AOMO 3100-125, Gooch and Housego) and an RF driver 
(97-03307-34, Gooch and Housego) to modulate the inten-
sity of the collimated laser light, ensuring the successful imple-
mentation of MESI. Use an iris to isolate the first order 
diffracted light from the free space AOM. 

11. Field of view control: An aspheric lens (C240TME-B, Thor-
labs, Inc.) can be used to control the beam diameter (here it 
was reduced to 1 mm). 

12. Collection optics: The scattered light was relayed through a 
pair of dichroic beamsplitters and a bandpass filter 
(685 ± 40 nm, S685/40m, Chroma Technology Corp.). Use 
a pair of camera lenses (for example, 50 mm Nikon DSLR 
lenses) to direct the collected light to the camera sensor. 

13. Camera: Use a high-speed CMOS camera that can be triggered 
from external source (such as the acA1920-155um Basler AG). 
The camera can be monochromatic, as only pixel intensity is 
required. 

14. Control electronics: Use a multifunction I/O device 
(USB-6363, National Instruments Corp.), referred to as the 
data acquisition hardware (DAQ), to produce the camera 
exposure trigger signals and AOM modulation voltages. The 
drivers and associated libraries (NI-DAQmx library) for the 
DAQ will need to be installed (see Note 4 for further details 
about MESI). 

15. Processing software: Compute the speckle contrast, at each 
exposure time, from the collected raw signals. Solve the 
MESI equation, often using via nonlinear least squares curve 
fitting, to compute the ICT maps. These steps can easily be 
done in common post-processing software such as MATLAB. 

3 Methods 

3.1 Awake Imaging 

During Targeted 

Stroke Induction 

This section will cover the steps necessary for awake imaging during 
targeted stroke induction. Note that the stroke induction proce-
dure itself required the brief use of anesthesia for the injection of 
the photothrombotic agent. While it is unclear what minimum 
dosage of isoflurane is needed to convey its neuroprotective effects 
[10], the photothrombosis was performed under the lingering 
influence of isoflurane. This obfuscates the true changes in blood 
flow and oxygenation caused by the photothrombotic occlusion



itself. Transitioning to a tail vein or intraperitoneal injection prior 
to mounting on the treadmill would allow for the complete elimi-
nation of isoflurane from the stroke induction process. The result-
ing infarct was less severe than the anesthetized demonstration and 
was likely mitigated by the availability of collateral blood supply. 
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1. Initialize the dual modality system and ensure all optical com-
ponents are functional and at a stable operating point. 

2. The subject mouse is fixed to the headplate holder of the 
system (see Note 5 for details about potential motion artifacts 
due to locomotion) as in Fig. 1. Allow several minutes for 
habituation. 

3. Launch the speckle imaging software to ensure system func-
tionality and that the cortical surface is in focus. 

4. The subject was briefly anesthetized on the treadmill via nose-
cone inhalation of isoflurane (3.0%). 

5. Rose bengal was administered intravenously via retro-orbital 
injection (50 μL, 15 mg/mL). 

6. Stop anesthesia and remove the nose-cone. The mouse will 
typically regain consciousness after about 3 min. 

7. Check the live speckle image view to ensure that the cortical 
surface remains in focus after the dye injection. 

8. Using the speckle software choose the specific region of interest 
(ROI) that will be illuminated by the patterned DMD light. 
This is the area that will undergo clot formation (see Note 6 for 
additional details about DMD pattern control). 

9. Expose the subject to the DMD-patterned green light for 
approximately 5–15 min to induce a photothrombotic occlu-
sion. Descending arterioles were the primary targets because 
they serve as bottlenecks in the cortical oxygen supply. Target 
vessels were identified based on vascular orientation and a 
posteriori knowledge. After selecting a target vessel, adjust 
the subject such that the target vessel is approximately in the 
center of the FOV. This target area should also be the region of 
best focus if the surface is curved and consistent focus across 
the FOV is impossible. 

10. Use the live speckle view in the software to monitor clot 
formation within the targeted area. An example of this process 
is shown in Fig. 3; details about this series of figures is 
described below. The series of speckle contrast images depict 
the progression of photothrombosis with the targeted vessel 
fully occluding after less than 3 min of exposure. 

(i) Images in Fig. 3a, b are the speckle contrast values over 
the entire FOV. Areas in black represent regions of low 
speckle contrast (high flow), whereas regions in white are 
indicative of no flow.
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Fig. 3 (a) Single-exposure speckle contrast images depicting the occlusion of a descending arteriole using 
DMD-targeted photothrombosis. The red overlay indicates the 0.06 mm2 region simultaneously illuminated for 
occlusion. (b) One arteriole (A1), three veins (V1, V2, V3), and one parenchyma region (P1) were targeted for 
flow measurements after stroke induction. (c) Relative blood flow within the targeted regions during and after 
photothrombosis. The green-shaded section indicates irradiation of the targeted arteriole. The gap in data 
occurred because of technical difficulties. The arrows indicate the propagation of an ischemia-induced 
depolarization event (White scale bars = 1 mm) 

(ii) Figure 3a presents a series of speckle contrast images for 
the first 4 min post-photothrombosis (with the target 
vessel highlighted in red at t = 0 s). This time series of 
speckle images confirms the occlusion of the targeted 
vessel. 

(iii) We highlight the five regions in Fig. 3b (one arteriole, 
three veins, and one parenchyma) we monitored for 
dynamic relative blood flow. The arteriole region (A1) is 
the same vessel targeted for photothrombotic occlusion. 
The resulting timecourses of relative blood flow (using the 
relative ICT values) can be seen in Fig. 3c. Compared to 
anesthetized photothrombosis measurements, these time-
courses are significantly more variable because of walking 
and other animal motions. However, the subject had no 
visible reaction to the photothrombosis. By t = 200 s,
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flow within the targeted arteriole had decreased to <50% 
of baseline. However, the animal was likely still experien-
cing the effects of anesthesia, making it impossible to 
attribute the changes exclusively to the photothrombotic 
occlusion. 

(iv) The propagation of an ischemia-induced depolarization 
event can be seen beginning at t = 1150 s, with sharp 
reductions in relative blood flow across all ROIs. The 
magnitude of these changes are smaller than those seen 
in the anesthetized data [20], which is consistent with the 
results of a calcium imaging study performed during 
awake ischemic stroke [43]. As the depolarization sub-
sided, flow within the targeted arteriole further decreased 
to <20% of baseline. Flow in all other regions remained 
depressed following the depolarization and were relatively 
steady until the end of the 40-min imaging session. There 
was also a reduction in animal motion compared to 
pre-depolarization behavior as seen by the lack of regular 
spikes in relative blood flow. 

11. If stroke induction is not effected after 15 min, repeat the steps 
for injection and stroke injection to help the stroke take. This 
should not be repeated more than once at this dosage. 

3.2 Chronic Awake 

Post-Stroke 

Hemodynamics 

This section covers the monitoring of the chronic progression of 
the ischemic lesion using awake imaging for 8 days following 
photothrombosis, with the same mouse subject as in Subheading 
3.1 (see Note 7 for details on the upkeep of the mouse for chronic 
imaging). Anesthesia was not utilized in any of the post-
photothrombosis imaging sessions. Data was only acquired when 
the animal was completely stationary because motion could inter-
fere with the measurements and the resulting hemodynamic 
response would not be indicative of the resting state. Each imaging 
session followed the same protocol, namely: 

1. Initialize the MESI imaging system (the DMD system is not 
needed for chronic awake imaging) and ensure all optical com-
ponents are functional and at a stable operating point. 

2. The subject mouse is fixed to the headplate holder of the 
system (see Note 5 for details about potential motion artifacts 
due to locomotion) as in Fig. 1. Allow several minutes for 
habituation. 

3. Launch the speckle imaging software to ensure system func-
tionality and that the cortical surface is in focus. 

4. Collect MESI sequences, typically, 1 min of data is sufficient. 

5. Repeat the process for desired number of days/sessions in the 
study.
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Fig. 4 Progression of the ischemic lesion over 8 days as imaged with (a) single-exposure LSCI displaying the 
speckle contrast images and (b) MESI displaying the ICT images on a log scale. Day -0 measurements were 
taken immediately prior to photothrombosis induction and Day +0 measurements were taken immediately 
after. (c) One arteriole (A1), three veins (V1), and one parenchyma region (P1) were targeted for chronic (d) 
relative blood flow. Relative MESI ICT was baselined against Day -0 measurements (White scale 
bars = 1 mm) 

6. Convert the collected MESI data to ICT maps. This is done by 
solving for τc at every pixel in the image. As MESI allows for 
repeatable τc measurements across imaging sessions, we can 
reliably analyze and compare chronic changes in flow. Thus, 
we are able to monitor the progression and recovery of the 
ischemic lesion. In Fig. 4 we demonstrate the ability to use 
MESI to chronically monitor (over 8 consecutive days) the 
progression of an ischemic lesion, assess recovery of the vascu-
lature, and the changes in relative blood flow pre- and post-
stroke. The figure details are described as follows: 

(i) The perfusion of the occluded arteriole and broader 
effects on cortical flow were tracked using 5 ms single-
exposure LSCI (Fig. 4a) and MESI ICT (Fig. 4b). The 
gradient between the occluded vessel and the surrounding 
tissue diminishes over the course of Days +1, +2, and +3 as
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the occluded arteriole begins to reperfuse. By Day +5, the 
vessel had fully reperfused leaving little evidence of the 
infarct in the speckle contrast or ICT imagery. 

(ii) The same five regions (one arteriole, three veins, and one 
parenchyma) used during the acute awake photothrom-
bosis measurements were also targeted for chronic relative 
blood flow measurements (Fig. 4c, d). The relative blood 
flow was calculated using the pre-stroke (Day -0) MESI 
ICT measurements as the baseline. The first post-stroke 
measurements (Day +0) were taken immediately after the 
conclusion of the photothrombosis induction and reveal 
systemic deficits in blood flow, likely caused by the spread-
ing depolarization. Blood flow within the targeted arteri-
ole (A1) and a nearby vein (V2) slowly recovered over the 
course of 5 days while the remaining ROIs experienced a 
slight overshoot in relative flow during the same period. 
Flow continued to increase across all ROIs over the 
remaining 3 days and was elevated over baseline by the 
final imaging session on Day +8. 

(iii) The speed of the recovery from the photothrombotic 
infarct is similar to the anesthetized [20, 41] with a full 
recovery after 5 days. The targeted arteriole remained 
occluded for 3 days following photothrombosis before 
fully reperfusing. During this period, another arteriole 
approaching from midline (bottom of the camera FOV) 
hyperperfused and likely served as a collateral blood sup-
ply to mitigate the severity of the flow deficit. Once flow 
was restored to the targeted vessel on Day +4, the collat-
eral arteriole returned to near baseline flow. 

4 Notes 

1. Animals were allowed to recover from anesthesia and moni-
tored for cranial window integrity and normal behavior for at 
least 2 weeks prior to imaging. Additional carprofen injections 
(5 mg/kg) were administered subcutaneously 2, 4, and 7 days 
post-surgery to relieve inflammation from the procedure. Cra-
nial windows were lightly cleaned prior to each imaging session 
using a cotton swab and 70% ethanol (v/v). If necessary, a 
topical application of mineral oil was used to improve image 
quality by index matching. Any discoloration on or around the 
cranial window was documented and monitored for possible 
infection. Any cracks in or breaking of the cranial window were 
also documented and resulted in the immediate euthanasia of 
the animal.
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2. Treadmill general maintenance tips: Thoroughly clean the sur-
face of the wheel with 70% EtOH or a laboratory cleaner of 
your choice after removing the mouse from the wheel. Clean 
the area around the foam wheel. Urine and feces are sprayed off 
of the wheel when the mouse runs. It can be helpful to lay a 
paper towel or other disposable materials underneath the wheel 
to collect the majority of the mouse’s waste. All parts should be 
free of oil, grease, or any other contaminants. 

3. The Texas Instruments DLP® LightCrafter™ evaluation mod-
ule contains a DLP3000 DMD, a DM365 embedded processor 
running Linux, and an RGB LED light engine developed by 
Young Optics, shown in Fig. 5. In order to utilize a custom 
light source such as a laser, the light engine must be removed to 
gain physical access to the DMD. 

4. Further details about the MESI optical setup, necessary control 
electronics, and the required software packages and logic con-
trol can be found in a Methods paper form our lab [42] and 
in [20]. 

5. Despite the efficacy of the head restraint system, correlation 
time estimates with LSCI remain extremely sensitive to any 
motion within the imaging area. The animal walking would 
cause abrupt spikes in ICT that could not definitively be 
ascribed to neurovascular coupling instead of just a slight 
motion-related displacement. Excluding data during these per-
iods of heightened activity offers the simplest solution for 
acquiring reliable instantaneous measurements of blood flow. 
However, if the hemodynamic response itself is being studied, 
then further measures would need to be taken in order to more 
robustly restrict motion of the brain. 

6. The Speckle Software was modified to control the DMD via its 
Ethernet-over-USB command interface. Users can define arbi-
trarily shaped regions of interest (ROIs) using the LSCI camera 
as reference and upload the resulting binary masks to the DMD
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for the patterning of excitation light. Registration between the 
camera and the projected pattern can be performed to guaran-
tee alignment with the reference image. Individual patterns or 
timed pattern sequences can be uploaded and displayed on the 
DMD, with a TTL pulse emitted on each pattern change. 

7. Animals were checked daily to monitor both behavior and the 
integrity of the cranial window by veterinary staff at the Uni-
versity of Texas at Austin Animal Research Center (ARC). 
Animals were housed in climate-controlled rooms with timed 
lighting (12-h light/dark cycles) to maintain a comfortable 
living environment and given food and water ad libitum. Social 
housing with multiple animals reduced the risk of overeating 
commonly seen when solo housing animals. This minimized 
possible growth in the animal’s size and helped maintain the 
integrity of the cranial window. Any aggression resulted in the 
removal of the aggressor into a separate cage. 
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