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Abstract: Microfluidic impedance flow cytometry (IFC) has become an essential tool for cell
analysis, providing a rapid and non-invasive approach to the early diagnosis of cancer. However,
a large amount of data was generated during microfluidic IFC, which requires highly efficient
data processing tools. In recent years, machine learning has emerged as an efficient tool for data
analysis. Here we present a microfluidic IFC chip combined with an enhanced deep neural
network for the detection of cancer cells based on electrical properties. The effectiveness of the
enhanced deep neural network is illustrated by achieving a high identification accuracy of 93%,
surpassing the 86% accuracy of a conventional fully connected neural network.

1. Introduction

In the past decades, cancer has become one of the leading causes of death in the world. The early
diagnosis of cancers is crucial for timely treatment and long-term survival. The accurate identification
and analysis of single cells is an effective way to detect heterogeneity among a population of cells. Some
studies integrate microfluidics with fluorescence immunoassay for medical detection [1-4]. The
electrical property is one of the important characteristics of cells. However, it is often ignored due to the
difficulty in impedance measurement and the requirement of complex electrical instruments. Recently,
microfluidic impedance flow cytometry (IFC) has emerged as a simple and cost-effective way to acquire
a large amount of data related to cell electrophysiology parameters [5]. However, the huge computing
power required for data processing and information analysis is still a hurdle to be cleared.

More recently, machine learning has received considerable attention due to its ability for rapid
analysis of complex input data with high accuracy. Neural networks have been widely used in target
detection, such as face recognition, autonomous driving, text translation, and so on. Combining neural
networks with IFC offers an effective way to analyze numerous electrical impedance data [6]. For
example, Honrado et al. extracted the size, velocity, and position of single cells by proposing a recurrent
neural network [7]. De Bruijn et al. developed a linear regression neural network for extracting the
opacity of cells [8]. However, these researches focus on the morphology of cells, such as opacity, size,
and elasticity. To analyze cells more accurately, an improved model based on the electrophysiology
parameters is required.
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