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Abstract 

Optical mapping methods utilize fluorescence dyes to 

measure dynamic response of cardiac tissue such as 

changes in transmembrane potential (V m). For the com­

monly used V m sensitive dyes, a dye absorption and emis­

sion spectra shift as V m changes. Signals relevant to V m are 

calculated as a relative fluorescence change with respect 

to the fluorescence baseline. The amplitude of the change 

depends on the long-pass (LP) filter cut-on wavelength, 

placed on the sensor side, and the excitation wavelength. 

An excitation wavelength near the absorption peak, termed 

the isosbestic point, results in minimal absorption coeffi­

cient change as absorption spectra shifts. Consequentially 

the fluorescence intensity virtually does not change, when 

fluorescence across the entire emission spectra is mea­

sured, irrelevant of Vm changes. In this study we experi­

mentally determined the isosbestic point for a near infra­

red dye Di-4-ANBDQPQ. We then present a theoretical 

study examining the dye linear or non-linear response as 

the fractional fluorescence change of V m change, due to 

emission spectra shift and amplitude change, over a range 

of excitation wavelengths and LP filters. Linear "optical" 

response is important to quantify certain aspects of cardiac 

dynamics such as the action potential (AP) shape and du­

ration, especially when studying drug effects and dynami­

cal substrates for arrhythmia development. 
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1. Introduction

Since its first implementation dating to early seventies, 

optical mapping techniques have become indispensable re­

search tool in cardiac physiology [1,2]. With its high spa­

tial resolution replacing traditionally used microelectrode 

recording, optical mapping has made it possible to study 

and identify many spatiotemporal properties of cardiac dy­

namics [3,4]. Optical mapping studies have expanded our 

knowledge about arrhythmia initiation and sustainability, 

and differentiation between various mechanisms that can 

lead to deadly arrhythmias, such as tachycardia and fib-

rillation. Optical mapping has also been key in identify­

ing Action Potential Duration (APD) Alternans [5], Action 

Potential Amplitude (APA) Alternans [6], and their role 

as substrates for reentrant arrhythmias. These alternations 

are not only confined to the field of cardiac physiology, 

but are also part of bigger and more general field of chaos 

theory and non-linear dynamics where general principles 

govern a dynamical system to chaos [7]. Optical mapping 

methods provide the ability to bridge the gap between non­

linear dynamics theory and cardiac physiology allowing 

for many experimental observations to be explained with 

the well-defined and generalized theory. Therefore, opti­

cal mapping methods are valuable tools toward understat­

ing the underlying arrhythmia mechanisms, and recently, 

a tool for novel anti-arrhythmic drugs testing and develop­

ment [8]. On the whole heart level, optical mapping meth­

ods are valuable tools to study heart responses to defibril­

lation shocks, the necessary tool for progress in defibril­

lation techniques, especially in the exciting novel research 

towards low-energy defibrillation [9, 10]. 

The most commonly used class of V m sensitive dyes are 

electrochromic dyes where absorption and subsequently 

emission spectra (Figure 1) shift towards shorter wave­

lengths as a function of V m change. When the LP filter 

is placed over the camera sensor, the emission spectra is 

partially blocked and spectral shift results in a fractional 

change of the fluorescence intensity. It is expected to be 

fairly linear response of the Vm change. This is the pri­

mary idea optical mapping methods are based on. 

'fypically in optical mapping methods narrow spectral 

sources such as lasers or band-pass filtered LEDs are used, 

and excitation of an electrochromic dye can be modeled 

as excitation with a single wavelength. As the absorption 

spectra of any fluorescence dye resembles a bell-shaped 

curve, depending on which side of the curve the excita­

tion wavelength is, the absorption spectra shift as the cell 

membrane depolarises, results in either positive or negative 

change of the absorption coefficient. The change directly 

affects the intensity of the emitted fluorescence spectra and 

modulates the fractional fluorescence change caused by 

the primary effect. Although these two effects can am­

plify the fractional fluorescence change, together they can 
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