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16 ms 70 ms

Overall processing time ≤ 150 ms

VivoFollow – real-time offset 
correction system

SHG collagen layer HEV in the LN Other BVs
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Fixed PLN with correction Restored by stage position

VivoFollow: following the RoI

Vladymyrov M, Abe J, Moalli F, Stein JV, Ariga A. Real-time tissue offset correction system for intravital

multiphoton microscopy. J Immunol Methods. (2016) 438:35–41. doi: 10.1016/j.jim.2016.08.004
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Real-time monitoring of the drift

Vladymyrov M, Abe J, Moalli F, Stein JV, Ariga A. Real-time tissue offset correction system for intravital

multiphoton microscopy. J Immunol Methods. (2016) 438:35–41. doi: 10.1016/j.jim.2016.08.004
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VivoFollow: 
Drift correction software application

No drift correction Drift correction with VivoFollow

Stomach

Ishikawa-Ankerhold, et al, 2024. Novel multiphoton intravital imaging enables real time-study of 

Helicobacter pylori interaction with neutrophils and macrophages in the mouse stomach. (2024) PLOS 

Pathogens 20(9): e1012580.
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Protocol: step by step of VivoFollow application
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Improved version of VivoFollow with better 

z-drift correction

Please if you would like to try this live drift correction software VivoFollow

First contact me: hellen.Ishikawa-ankerhold@med.uni-muenchen.de

mailto:hellen.Ishikawa-ankerhold@med.uni-muenchen.de
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https://www.youtube.com/watch?v=-kKAMN3kh34

Imaris BITPLANE:
Live imaging drift correction
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Image J:
Live imaging drift correction
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Minimizing motion artifacts in Intravital Microscopy using the sedative effect of

Dexmedetomidine

Kim et al., Microscopy & Microanalysis, ,vol 28, Issue 5,1 2022

4th Day of intravital microscopy 
13.11.2024, Leuven, BE

11

Reference for heart drift 
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Holders: In vivo models established 
in our IVM facility

Ear (skin)

model

holder
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Stereotactic tumor
cell implantation

Von Baumgarten et al, Clin Canc Res 2011

Glioblastoma

Chronic cranial window

Brain model 
(tumor growth and metastasis)
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Bone marrow vasculature:
the  birth of circulating platelets

min

20µm

Megakaryocytes Blood plasma

Zhang et al., 2012
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Holders:  applied to 
diverse mouse organs/tissues

Vacuum chamber

3D printing
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3D Printing Technology: vacuum chamber

Designs 

Lung model: Looney et al. (2011) Nat. Methods Vol.8, No.1

92 |  VOL.8 NO.1 |  JANUARY 2011 |  NATURE METHODS

ARTICLES

into a shallow conical region facing an 

imaging-grade coverslip. The vacuum 

also effectively sets the coverslip in a small 

groove along the outside dimension of the device.

For the surgical preparation, we anesthetized the mice and per-

formed a tracheotomy to facilitate mechanical ventilation. Then 

we placed mice in the right, lateral decubitus position and resected 

three left anterior ribs revealing the left, anterior lung surface 

(Fig. 1c). We positioned the thoracic suction window, attached to 

a rigid strut and a micromanipulator, immediately above the left 

lung and applied 20–25 mm Hg of suction to gently immobilize 

the lung throughout the respiratory cycle (Fig. 1d). We chose the 

least amount of suction that allowed the lung to enter the thoracic 

window and remain stablilized for visualization throughout the res-

piratory cycle. Although the applied suction is an increase above 

the negative pleural pressures in the intact thorax of spontaneously 

breathing mice10, we expected this pressure to dissipate in areas 

further away from the window itself, thus providing limited effects 

well within the range of two-photon excitation. Then we lowered 

the objective onto the 12-mm glass coverslip for imaging with our 

two-photon microscope (Supplementary Fig. 1a) in the central 

region of this preparation to minimize any effects of suction trans-

mitted to the edges. We tested for any damage to the lungs from 

mechanical ventilation or thoracic suction using the gravimetric 

method to measure lung edema formation. We found no increase in 

lung edema after 2 h of continuous ventilation and thoracic suction 

(Supplementary Fig. 1b).

To determine whether there was still motion associated with 

inhalation-exhalation, we imaged alveolar inflation and deflation 

under suction window conditions (Supplementary Movie 1); 

this confirmed that ventilation was maintained in the portion of 

lung in the thoracic window. One of the important advantages 

of two-photon microscopy is tissue penetration beyond what is 

achievable with single-photon confocal approaches. We tested the 

tissue imaging depth range of our method by injecting Texas Red–

 dextran intravenously and scanning along the z axis. We captured 

images at different depths down to 125 m (Supplementary 

Fig. 1c), which allowed us to completely visualize the capillary 

bed above and under the subpleural alveoli (Fig. 1e).

We next tested the stability of images captured from our imaging 

system. Using mice that ubiquitously expressed CFP (actin-CFP), 

ventilated at 120 breaths per minute (bpm), we captured images at 

30 frames per second (fps) of inspiration, expiration and inspiration 

again; overlay images from three subsequent time points revealed 

that the alveolar and microvascular structures were stable with our 

imaging technique (Fig. 1f and Supplementary Movie 2). Based on 

the limited movement of vessels even during respiration, we estimate 

that we reduced overall motion to ~5–10 m in all dimensions.

To quantify the stability and the deflections induced by 

 mechanical ventilation captured at 30 fps, we used the Pearson’s 

coefficient to compare images between frames (Fig. 1f). This 

revealed that exactly four frames per breath are disrupted owing 

to ventilation (120 bpm), but that the image reliably returned 

to a stable baseline after each respiratory cycle, thus yielding  

20 fps with exceptional ‘colocalization’ of tissue. Time-averaging 

(15 integrated video-rate frames) of our image acquisition also 

effectively averaged out the four out of sync frames owing to 

breathing (Fig. 1g and Supplementary Movie 3), producing low-

noise images. An alternative approach to improve image stability 

was to remove the four frames in which breathing was occurring 

in postprocessing (Supplementary Fig. 1d). We also injected 

intravenous Texas Red dextran (molecular weight 70,000 Da)  

into wild-type mice to visualize the lung microcirculation. Our 

system stably captured these blood vessels and slow-moving  

cellular shadows within them (Supplementary Movie 4).

Perfusion and cellular behavior with thoracic suction

We next examined blood flow velocities in the lung contained 

in the thoracic window by intravenously injecting fluorescent 
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Figure 1 | Experimental setup and image stability 

for intravital imaging of the mouse lung.  

(a) Anterior and posterior views of the  

thoracic suction window fitted with a coverslip.  

(b) Side-view rendering of the suction window 

showing suction chamber, cover slip (green arrows) 

and vacuum flows (blue arrows near tissue,  

red arrows toward suction regulator). (c) Surgical 

preparation of left thorax with exposed left lung. 

(d) Suction window in situ. (e) Representative 

images at the indicated depths in a mouse  

injected with Texas Red–dextran, showing the 

capillary bed above (left) and below (right) the 

subpleural alveoli (middle). (f,g) Still images  

of CFP fluorescence in an actin-CFP–expressing 

mouse lung at the indicated times after the start  

of imaging (color-coded arbitrarily), and a merge  

of these three images (far right). The plot shows the  

Pearson’s coefficient between time points. Images 

shown in f were captured at 30 fps. In g, each 

frame represents 15 integrated images that are 

then merged (time points aligned and the Pearson’s 

coefficient from this integration is shown). Scale 

bars, 5 mm (b), 10 mm (c,d) and 50 m (e–g). 
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Cover slip

Vacuum flows

Holder with suction ring

1 cm

12 mm 8 mm 6 mm

FreeCAD/Inventor-Software

3D printing technology

MiCraft Ultra 50

Building size (mm): 57x32x120

XY Resolution: 30µm
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