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Numerical investigation of laser iridotomy influence on shear stress
exerted on corneal endothelial cells

ZHANG Feng®, CHEN Han®®(a. Department of Mechanics; b. State Key Laboratory of Digital Manufacturing
Equipment and Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Objective To study the influence of laser peripheral iridotomy (LPI) on aqueous humor flow in eyes of
patients and fluid shear stress exerted on the corneal endothelial cells. Methods A complete three-dimensional
geometric eye model was established by CAD software with references to human eye geometric data from the lit-
erature. Numerical simulations on the flow conditions of aqueous humor and the shear stress exerted on corneal
endothelial cells after LPI surgery were performed using finite element software. The simulation results of shear
stresses at different positions of the laser hole in the iris before and after LPI surgery were compared. Results If
the laser hole punched more closer to the pupil axis in iris, the shear stress exerted on corneal inner surface
would be smaller. The maximum shear stress exerted on corneal endothelium was 16.5, 25.8, 57.0, 179.8 mPa
when the distance between laser hole and the pupil axis was 4.0, 4.5, 5.0, 5.5 mm, respectively. With laser
hole at 3 and 6 o’ clock orientation, the maximum shear stress exerted on corneal inner surface was 13.7% and
4.2% greater than that at 12 o’ clock position (56.95 mPa). Conclusions LPI can influence the intraocular aque-
ous humor flow and shear stress exerted on corneal endothelial cells. The suitable position can decrease the
shear stress exerted on corneal endothelial cells and reduce the risk of postoperative bullous keratopathy for pa-
tients after LPI surgery.
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Fig.1 Anatomical structure and numerical model of the human eye
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Fig.2 Model of the human eye and computational meshes
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(a) Wire frames, (b) Mesh generation
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Fig. 6  Distribution of the shear stress exerted on corneal inner
surface at different positions of LPI window (a) Without
LPI window, (b) At 12 o’ clock position, (c¢) At 3 o’ clock

position, (d) At 6 o’ clock position with LPI window
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