


 (
SB
3
C201
6
Summer Biomechanics, Bioengineering and B
i
otransport Conference
Ju
ne 29 –July 
2
, 
National Harbor
,
 
MD
, USA
) (
Mariia Dvoriashyna
 
(1), 
Rodolfo Repetto (1)
, 
Jennifer H. Tweed
y
 
(
2
)
 
) (
Aqueous humor flow in the posterior chamber of the eye with iridotomy
)




 (
Department
 of Bioengineering
Imperial College London
London, UK
(
t
his
 author forme
r
ly published under the surname 
Siggers
)
) (
(1) 
Department
 of Civil, Environmental and Chemical Engineering
University 
of Genoa
Genoa, Italy
)INTRODUCTION
	Iridotomy is a procedure in which a hole is surgically created in the iris to allow aqueous humour to flow from the posterior to the anterior chamber. It is done in cases in which there is a concern that this flow might otherwise not occur freely (e.g. pupillary block). The problem of the choice of the optimal size and location of an iridotomy is still poorly understood. In the biomechanical literature there are a number of works about aqueous flow, however very few consider the effect of iridotomy. Fleck [1] proposed a basic mathematical model of aqueous flow through an iridotomy in the case pupillary block, using Poiseuille formula to calculate the pressure drop across the iridotomy hole. Silver and Quigley [2] studied aqueous flow in the iris-lens channel driven by aqueous production in the ciliary body and they also considered the presence of an iridotomy. 
	We extend these works and study aqueous flow in the posterior chamber of the eye due to aqueous production and miosis (e.g. pupil contraction). We also consider the cases of partial and complete pupillary block. We develop and solve a mathematical model of the fluid dynamics of an iridotomy, and use it to comment on the effect of the location and size of the hole and investigate the pressure and stress on the surrounding tissues, which we show are usually within safe levels. We propose a mathematical theory, which allows us to solve the problem semi-analytically. This gives us insight into the pressure difference between anterior and posterior chambers and allows us to predict conditions that can lead to angle closure glaucoma. During miosis our results indicate there could be a strong jet through the hole, which could, in turn, damage the cornea.
	
METHODS
Since the posterior chamber is long and thin, we use lubrication theory to simplify the Navier-Stokes equations and assume miosis can be modeled as quasi-steady. This implies that we keep the domain fixed and impose a given velocity distribution v on the iris. 
We work in spherical coordinates () and denote by R the radius of the lens and ) height of the posterior chamber. Then, the simplified equation for the pressure is  


where  is dynamic viscosity,  is  component of the velocity of the iris, is independent of  and is a subscript indicating that only the  components are considered with   fixed. 
	We assume that the volumetric flux through the iridotomy hole is proportional to the pressure drop across the hole and compute it using Dagan’s formula [3]. The iridotomy is modeled as a point sink, thus, in order to avoid singularity of the pressure there, we work in terms of a suitably regularised pressure, which is defined as follows
where  is volumetric flux through the iridotomy,  is a height of the posterior chamber at the point of the iridotomy, is a distance in  component from the point of the hole,  is radius of the iridotomy divided by R. 
Therefore, equation (1) has to be solved for the unknown regularized pressure (2) and for the flux through the iridotomy . The solution is obtained using a second order finite difference scheme and realistic shapes of the posterior chamber, which are inferred from ultrasound scan images. The resulting linear system is solved with modified reduction method. 

RESULTS
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Figure 1:  Predicted flow in posterior chamber from ciliary body (outer boundary) to pupil (central hole) showing calculated pressure (colorbar) and depth-averaged velocity vectors (arrows). The iridotomy has diameter 50 m and is located at a distance of  5 mm to the right of the pupil. 29% of the total volumetric flux passes through the iridotomy. 
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Figure 2:  Percentage of the total volumetric flux that passes through the iridotomy for different lengths of iris-lens channel l. The height of the iris-lens channel is fixed at 7m. The red curve is for a channel of length 0.8 mm, the green one 0.4 mm and the blue one has the height 7m only at the pupil (channel length 0).  The iridotomy is located at a distance 4.5 mm from the center of the pupil.
	

	In this section by the term “pressure” we mean the pressure difference between the anterior and the posterior chamber. We calculated the pressure distribution and the velocity field in the posterior chamber of the eye for different pupil diameters, iridotomy diameters, length of the iris-lens channel and with and without miosis; an example is shown in figure 1. We note that the pressure along the domain remains almost constant, except for the iris-lens channel, where it rapidly drops from about 0.25 mmHg to 0 mmHg at the pupil. 
	Figure 2 shows the percentage of flux through the iridotomy with respect to the total flux, as a function of the diameter of the iridotomy. Each curve corresponds to a different value of the iris-lens channel (a region with a height from 3 to 7 m [2]). The results show that geometry of the posterior chamber (in particular the height and length of the iris-lens channel) and the diameter of the iridotomy significantly influence the pressure distribution and flow. On the other hand, the location of the iridotomy on the iris does not have a significant effect. The pressure drop from the posterior to the anterior chamber is below 1 mmHg during aqueous production, if the iridotomy is bigger than 20 m in diameter. 
	During miosis different velocity distributions on the iris give different volumetric fluxes through the iridotomy. However, the overall percentage of the flux that passes through the iridotomy remains almost unchanged. For a given geometry there is a value of the iridotomy for which the velocity of the aqueous jet passing through the iridotomy is maximal. This velocity is much higher during miosis than when the iris is stationary.
	 In the case of pupillary block an iridotomy with a diameter of at least 20 m is needed to avoid dangerously high pressures. Partial pupillary block (the case when some region of the pupil is blocked for the outflow) causes the dangerously high pressures only with if the blocked region is more than 90%. However, with the presence of a small iridotomy with diameter 15 m the pressure drops to less than   1 mmHg.

DISCUSSION 
	The ideal size and location of an iridotomy is influenced by various geometrical and fluid mechanical factors. We find the most significant ones are the size of the hole, the width and height of the narrow iris-lens channel and the possible presence of complete or partial pupillary. For certain iridotomy diameters, we cannot rule out the possibility that the jet velocity through the iridotomy during miosis might become large enough so as to cause corneal damage. 
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