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Abstract. The gas embolism is a well-known phenomenon. Previous studies
have been performed to understand the formation, the behavior and the influence
of air bubbles in microcirculation. This study aims to investigate the flow of
bubbles in a microchannel network with bifurcations. For that purpose, a
microchannel network was fabricated by soft lithography. The working fluids
used were composed by sheep red blood cells (RBCs) suspended in dextran 40
and two different hematocrits were studied, 5% and 10%. The in vitro blood
flow was analyzed for a flow rate of 10 pl/min, by using an inverted microscope
and a high-speed camera. It was possible to visualize the formation of the
bubbles and their behavior along the network. The results show that the passage
of air bubbles influences the cells local concentration, since a higher concen-
tration of cells was seen upstream to the bubble and lower concentrations
downstream to the bubble.
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1 Introduction

The presence of gas inside of a blood vessel is known as gas embolism. This phe-
nomenon is most commonly due to medical errors and can lead to serious conse-
quences to the patient, including death [1]. The origin of air inside of blood vessel can
be: (1) exogenous, when air is injected in the blood vessel, resulting from medical
procedures (e.g. surgeries [2, 3], hemodialysis [4] and embolotherapy [5]); (2) or
endogenous, when gas bubbles form inside the bloodstream (e.g. heart valves [6, 7],
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scuba diving [8], space operations [9] and high altimde flights [10] incidents).
Understanding the formation of bubbles, their behavior in the microcirculation, as well
as their influence on the blood flow are the objectives of several studies already
performed [11-13]. Bubbles in small vessels flow as tubular bubbles [5, 13, 14]; they
can be trapped on bifurcations or in small branches [5] or dissolve in blood, depending
on their size, composition and shape [11].

It was observed in a previous work [13] that bubbles disturb the RBCs distribution
leading to regions of high and of low concentrations of RBCs. In the present work, this
phenomenon is further explored by analyzing the effect of bubbles in the RBCs dis-
tribution in the blood flow in a microchannel network.

2 Materials and Methods

2.1 Working Fluids and Network Geometry

For the preparation of the working fluids, blood was collected from a healthy sheep
using a tube containing ethylenediaminetetraacetic acid (EDTA} to prevent coagula-
tion. The RBCs were then separated from blood samples by centrifugation and aspi-
ration and suspended in Dextran 40 (Dx40) to make the samples with hematocrits
(Het) of 5% and 10%. Detailed procedure can found elsewhere [13, 15]. The micro-
fluidic device used in this study was produced in PDMS by a conventional soft-
lithography technique from SU-8 molds (Microliquid, Spain). The geometry used to
perform the microfluidic experiments is shown in Fig. 1. The geometry consists in two
inlets, one for the fluid and the other for the air. In addition, there is a network of
successive bifurcations and at the end there is an outlet.
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Fig, 1. Main dimensions of the geometry used in this siudy.
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2.2 Experimental Set-Up

The experimental set up comprises an inverted microscope (IX71, Olympus, Japan)
combined with a high-speed camera (Fastcam SA3, Photron, USA). The PDMS
microchannel was placed on the stage of the inverted microscope and a syringe pump
(PHD ULTRA, Harvard Apparatus) was used to control the flow rate of the working
fluids. The liquid flow rate was set to 10 pL/min. Additionally, the air pressure was
controlled by a pressure pump (Eleveflow PG1113). By adjusting the pressure, the
pump has injected air droplets in the microchannel.

2.3 Image Processing

The images were recorded at the midplane of the microchannel using a frame rate of
2000 frames/second. All the frames were analyzed using the tool Plot z-axis profile of
the Image]J software. This function allows, after selecting a particular area of the video,
to obtain a diagram with the tonality in the region of interest through time. By using
this methodology, it was possible to evaluate the passage air bubbles in a region of
interest (ROI) for a certain time.

3 Results and Discussion

In Fig. 2 we can see the formation of a bubble in the microchannel. Figure 2(a) shows
the bubble before detachment whereas Fig. 2(b) shows the bubble after detachment.

a)

Fig. 2. Sequential images of the formation of a bubble air (a) bubble before detachment
(b) bubble after detachment.
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The obtained videos were, firstly, carefully examined. It was observed that circu-
lating air bubbles influence the local haematocrit located downstream and upstream to
the bubble. Figure 3 shows this phenomenon at two different instants.

Fig. 3. Influence of air bubbles on the local hematocrit for a flow rate of 10 ul/min and 10%
Het.

By using the Plot z-axis profile tool from Image], we were able to investigate the
influence of the circulating bubbles on the local Het. As shown in Fig. 4, it was
possible to examine the variation of the Hct along a certain time, in a selected region
(ROI) of the microchannel. The variation of the local Het was analyzed by measuring
the intensity of the pixels at the region where the plot Z-axis profile function was
applied.

‘When the intensity of the pixels is constant, it means that the hematocrit that passes
through this region is constant. If the intensity goes up, it indicates a decrease of the
hematocrit at that region of interest (ROI). It is also possible to observe a drastic
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Fig. 4. Influence of air bubbles on the local Hct for a flow rate of 10 pl/min and two different
feed Hcts: (a) 5% Hct and (b) 10% Hct.

reduction of the tonality that indicates the passage of the air bubbles at the ROI. After
that, the tonality tends to increase until it stabilizes and returns to the values initially
observed, i.e., just after the air bubble passes through the ROI there is an increase of the
local Hct, which tends to decrease until it stabilizes and returns to its initial values.
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From the results obtained in Fig. 4, it is possible to conclude that there is a strong
influence of the air bubbles on the local Hct. These measurements show clearly that the
local Het is higher at the upstream of the bubble and lower at the downstream of the air
bubble. In addition, for the 10% Hct sample, the difference between the local Hct
located before and after the bubble was more evident than the difference presented in
the samples with 5% Hct.

4 Conclusions and Future Directions

In this study, we have investigated the influence of air bubbles in the RBCs distribution
when flowing through a microchannel network. The results indicate that the air bubbles
strongly affect the local Hct at the regions ahead and behind them. When a bubble has
approached a certain region of the microchannel, the local Het has decreased at the
downstream region. After the bubble has passed, the Hct tends to increase, and then it
tends to decrease until it reaches the inlet Hct.

In the near future, we intend to verify if the difference of hematocrit before and after
the bubble results only due to the methed of injection of the bubble air. In addition, we
also intend to study the behavior of bubbles in geometries with confluences.
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