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1. Introduction 

The World Health Organization (WHO) estimated the presence of approximately 37 million 
blind people in the world in 2002 (Resnikoff et al., 2004). This awful figure was expected to 
double by the year 2020 if appropriate preventive measures were not administered (Frick 
and Foster, 2003). Cataract, the opacification of the crystalline lens, is the single most 
important cause of blindness in the world. It is estimated that nearly 18 million people are 
bilaterally blind from cataract, representing almost 48% of all causes of blindness due to eye 
disease (Resnikoff et al., 2004). Age related cataract cannot usually be prevented; however, 
cataract surgery is one of the most cost-effective interventions in the field of medicine, 
resulting in almost immediate visual rehabilitation (Lansingh et al., 2007). Particularly, 
phacoemulsification is increasingly applied in the management of cataract patients because 
of its earlier refractive stabilization, reduced induced astigmatism, and milder postoperative 
inflammation, all resulting in faster visual rehabilitation. It has been shown that 
improvement in visual acuity following cataract surgery is accompanied by considerable 
gains in real life activities, emotional and social life components (Lamoureux et al., 2010). 
Cataract surgery is comparable in terms of cost–effectiveness to hip arthroplasty, and is 
generally more cost–effective than either knee arthroplasty or cardiac defibrillator 
implantation, and is cost–effective when considered in absolute terms (Agarwal and Kumar, 
2010).  
On the other hand, dry eye is estimated to have a prevalence of 11% to 33% depending on 
population and parameters studied and its prevalence increases with increasing age (Brewitt 
and Sistani, 2001; Lee et al., 2002; Moss et al., 2000; Schein et al., 1997a; Shimmura et al., 
1999). Current evidence clearly demonstrates that dry eye, as a chronic disease, has 
significant impacts on quality of life and specifically, dry eye is one of the most important 
factors influencing quality of life in elderly populations. Reduction in quality of life is 
inevitable when symptoms of dry eye occur. These symptoms range from mild transient 
irritation to persistent dryness, burning, itchiness, redness, pain, ocular fatigue and visual 
disturbance. In the United States alone, approximately 7–10 million Americans require 
artificial tear preparations, with consumers spending over $100 million/year (Lee et al., 
2002). In moderate and severe cases, dry eye can impair the ability of patients to perform 
activities of daily living, impact work productivity, and influence mood and confidence 
(Friedman, 2010).  
Obviously, a high proportion of cataract patients who are candidates for cataract surgery 
have dry eye; furthermore, there are overwhelming evidences suggesting aggravation or 
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initiation of dry eye following cataract surgery (Cohen, 1982; Gharaee et al., 2009; Hardten, 
2008; Insler et al., 1985; Jones and Maguire, 1992; Khanal et al., 2008; Ram et al., 2002; Ram et 
al., 1998; Roberts and Elie, 2007). So even following uneventful cataract extraction and vision 
improvement the patient could be unsatisfied. A main cause of dissatisfaction in such cases 
has been shown to be eye fatigue and foreign body sensation due to dry eye syndrome.  
With these figures in mind, in this chapter, associations between cataract surgery and dry 
eye are discussed and probable pathogenic factors are highlighted.  

2. The healthy tear film: Anatomy and physiology  

A healthy tear film plays four major functions in the human eye, namely washing, 

lubricating, protecting, and forming a smooth optical surface on the cornea. Tear film 

constituents (the mucin, aqueous, and lipid components) work in concert to provide these 

functions and any alterations to the quality or quantity of the tear film threaten this fragile 

homeostasis.  

Detailed discussion of the lacrimal system is out of scope of this chapter; however in brief, 

goblet cells in the conjunctiva are responsible for the production of the mucin layer, while 

the aqueous layer is secreted by the main and accessory lacrimal glands. The mucin layer 

plays a role in producing an even distribution of aqueous layer on the ocular surface. The 

lipids of the tear film generally originate at the meibomian glands, but also from other 

sources in the conjunctiva, cornea, and lacrimal glands (Butovich, 2008), and compose an 

interface between the underlying aqueous and mucin and the external environment. 

Alterations to the quality or quantity of the lipids in the human tear film may especially 

affect tear film evaporation. Regulation of tear secretion is through a complex 

neurohormonal system.  

2.1 Sensory innervation of the cornea 

Corneal sensation is a function of the long ciliary nerves of the ophthalmic division of 
the fifth (trigeminal) cranial nerve. It is estimated that there are approximately 7000 
sensory receptors per square millimeter in the human corneal epithelium, implying that 
injuries to individual epithelial cells may be adequate to give a sensation (Muller et al., 
2003). Traditionally, it was believed that most sensory nerves enter into the cornea along 
a transverse meridian (3- and 9-o’clock); this was in accordance with the clinical findings 
of better corneal sensation and less dry eye symptoms in patients undergoing laser in 
situ keratomileusis (LASIK) with a nasal hinge (Donnenfeld et al., 2003; Kohlhaas, 1998; 
Lee and Joo, 2003). However, the current description is that nerve bundles enter the 
peripheral mid-stromal cornea in a radial fashion, along different meridians and parallel 
to the corneal surface. Most stromal nerve fibers are located in the anterior third of the 
stroma; however, thick stromal nerve trunks move from the periphery toward the center 
below the anterior third of the stroma due to the organization of the collagen lamellae 
(Muller et al., 2003). Soon after entering the cornea, the main stromal bundles branch 
repeatedly and dichotomously into smaller fascicles that ascended into progressively 
more superficial layers of the stroma. Eventually, the stromal nerve fibers abruptly turn 
90 degrees, penetrate Bowman’s layer, and proceed toward the corneal surface. The 
nerves penetrate Bowman’s layer throughout the peripheral and central cornea (Muller 
et al., 1996). After penetrating Bowman’s layer, the large nerve bundles divide into 
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several smaller ones. Each small nerve bundle then turns abruptly once more at 90 
degrees and continues parallel to the corneal surface, between Bowman’s layer and the 
basal epithelial cell layer, forming the sub-basal nerve plexus. Sub-basal fibers 
subsequently form branches that turn upward and enter the corneal epithelium between 
the basal cells to reach the wing cells, where they terminate (Muller et al., 1996; Ueda et 
al., 1989). The exact orientation and the depth of nerve fiber bundles are not known and 
may vary between patients (Kim and Foulks, 1999; Muller et al., 2003; Muller et al., 1996; 
Muller et al., 1997).  
Intact corneal innervation is mandatory for normal blinking and tearing reflexes, which in 
turn is essential to maintaining the integrity of the ocular surface. Under normal physiologic 
conditions, sensory nerves in the cornea transmit an afferent stimulation signal through the 
ophthalmic division of the trigeminal nerve to the brain stem and then, after a series of 
interneurons, the efferent signal is transmitted to the lacrimal gland through the 
parasympathetic and sympathetic nerves that innervate the gland and drive tear production 
and secretion (Dartt, 2004). Damage to this neural circuit interrupts the normal regulation of 
lacrimal gland secretion and influences both basal and stimulated tear production. This is 
one of the major pathogenic pathways in induction of postoperative dry eye in patients 
undergoing ophthalmic surgeries. 
Most surgical procedures that cause denervation of the cornea result in impaired epithelial 
wound healing, increased epithelial permeability, decreased epithelial metabolic activity 
and loss of cytoskeletal structures associated with cellular adhesion (Donnenfeld et al., 2003; 
Kohlhaas, 1998). As mentioned earlier, the normal corneal epithelium has the highest 
density of sensory nerve endings throughout the human body. These receptors are located 
between the wing cell layers of the corneal epithelium and are protected from direct 
environmental stimulation by the overlying tear film and the intact surface epithelial cells. 
In early stages of dry eye, and in the presence of an unstable tear film and superficial 
punctate keratopathy, the environmental stimuli have greater access to the sensory nerve 
endings and this may be a key cause for the marked symptoms of ocular irritation 
experienced by dry eye patients, even in mild cases. 
On the other hand, it has been demonstrated that hyposecretion of tears may lead to 
pathologic alterations in corneal nerves and a decline in corneal sensitivity which 
subsequently perpetuate the dry eye state in these patients (Xu et al., 1996). The exposure of 
nerve endings, in conjunction with tear hyperosmolarity and increased expression of a 
number of inflammatory cytokines, including interleukin (IL)-1alpha and IL-1beta, IL-6, and 
tumor necrosis factor-alpha may cause injury to the corneal nerves and incite neural 
degeneration (Barton et al., 1997; Solomon et al., 2001; Yoon et al., 2007). Meanwhile, many 
of these inflammatory cytokines can induce synthesis of a number of neurotrophic factors, 
including nerve growth factors, which stimulate the regeneration of corneal nerves 
(Dastjerdi and Dana, 2009). Changes in corneal nerves in patients with dry eye encompass a 
wide range of morphologic changes (such as presence of nerve sprouts, abnormal tortuosity, 
increased bead-like formation and thinning of nerve fiber bundles) to decreased, or 
paradoxically increased, number of nerve fibers depending on the stage of dry eye (Benitez 
del Castillo et al., 2004; Erdelyi et al., 2007; Hosal et al., 2005; Tuominen et al., 2003; Villani et 
al., 2007; Zhang et al., 2005). This could be an explanation for the discrepancy between dry 
eye signs and symptoms observed in many patients (Dastjerdi and Dana, 2009; Hay et al., 
1998). 
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In addition, the presence of nerve fibers invaginating corneal epithelial cells and keratocytes 
suggests that both cell types are directly innervated. Immunocytochemical staining indicates 
the presence of different neuropeptides within the cell soma and peripheral axonal fibers of 
corneal neurons, suggesting that they are functionally heterogeneous. Until now, at least 17 
different neuropeptides and neurotransmitters have been described in the corneal nerves 
(Dastjerdi and Dana, 2009). There are evidences that intact corneal nerve fibers exert trophic 
influences on the corneal epithelium and neuroregulation is responsible for maintenance of 
the integrity and repair of the ocular surface (Donnenfeld et al., 2003).  
The mechanism underlying corneal damage in patients with reduced corneal sensation and 
dry eye –for instance, following surgery – is thought to be related to reduced levels of 
neurotransmitters. Peptidergic transmitters in nerve fibers may be involved in 
neuroimmunomodulation of the cornea (Muller et al., 1996). Enhanced epithelial cell 
proliferation is strongly believed to be mediated by neurotransmitters and nerve growth 
factors released from corneal nerve endings (Cavanagh and Colley, 1989). For example, it 
has been reported that acetylcholine derived from the corneal sensory nerve endings, 
increases intracellular levels of cyclic guanosine monophosphate (cGMP), which is 
associated with epithelial mitosis in the cornea and therefore enhances epithelial cell growth 
(Cavanagh and Colley, 1989). Substance P is a neuropeptide present in corneal nerves and 
has been found to stimulate DNA synthesis and promote corneal epithelial cell growth; it 
may also play a role in corneal epithelial wound healing. Calcitonin gene related peptide 
(CGRP), which often colocalizes with substance P in most ocular nerve fibers, also plays 
important roles in epithelial renewal and wound repair (Dastjerdi and Dana, 2009; Muller et 
al., 2003).  

3. Dry eye syndrome  

In a restructured definition of dry eye and its classifications by the International Dry Eye 
Workshop, dry eye is defined as a disorder of the lacrimal functional unit (LFU), an 
integrated system comprising the lacrimal glands, ocular surface (cornea, conjunctiva, and 
meibomian glands) and lids, and the sensory and motor nerves that connect them (2007). 
Disease or damage to any component of the LFU (the afferent sensory nerves, the efferent 
autonomic and motor nerves, and the tear-secreting glands) can destabilize the tear film and 
lead to ocular surface condition that expresses itself as dry eye.  
A vital portion of the LFU is the part played by sensory impulses, which arise from the 
ocular surface and this is thought to be the main area of possible damage in ophthalmic 
surgeries involving the cornea. 
As discussed earlier, disruption of a sufficient sensory drive from the ocular surface is 
strongly believed to be associated with the occurrence of dry eye by two exclusive and 
functionally diverse mechanisms: by decreasing reflex-induced lacrimal secretion (tear 
deficient dry eye) and by reducing the blink rate and, consequently, increasing evaporative 
loss (evaporative dry eye) (Bron, 1997; Lemp, 1995). 
Corneal nerve alterations, either as a primary reason for tear hyposecretion or just the 
outcome of dryness of the ocular surface, have crucial effects on the integrated system of the 
LCU and can compromise various aspects of it, such as blinking, the tear reflex, and 
trophism of the epithelial cells, thus neatly contributing to the increase of the vicious circle 
of hypo-tearing leading to inflammation causing cell/nerve damage (Dastjerdi and Dana, 
2009). 
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Different risk factors for dry eye have been identified, including increasing age, various 
systemic diseases (including diabetes, arthritis, allergy, and so), systemic medications, 
hormonal changes (menopause), neural alterations, ocular conditions (glaucoma, pterygium, 
meibomian gland dysfunction, lacrimal duct obstruction, contact lens wear) or 
environmental influences (climate, cigarette smoking) and many others (Manaviat et al., 
2008; Moss et al., 2000; Ousler et al., 2005; Stern et al., 1998; Wolfe and Michaud, 2008). 
Most dry-eye symptoms result from an abnormal, nonlubricative ocular surface that 
increases shear forces under the eyelids and diminishes the ability of the ocular surface to 
respond to environmental challenges. Dry eye manifestations could be described as visual 
fatigue, secretion, foreign body sensation, eyelids heaviness, dryness, uncomfortable eyes, 
pain, tears, blurred vision, itchiness, photophobia, and eye redness. 

3.1 Dry eye diagnosis 

Dry eye signs tend to agree poorly with patient-reported symptoms (Hay et al., 1998; 
McCarty et al., 1998; Moss et al., 2000; Schein et al., 1997b; Shimmura et al., 1999). As 
alleviation of dry eye symptoms is of primary importance in dry eye treatment, 
identification of dry eye symptoms can be regarded as important as objective dry eye 
tests are (Bandeen-Roche et al., 1997; Lemp, 1995; Nichols et al., 2000). More recently, the 
impact of dry eye on quality of life parameters has been suggested as a more valuable 
tool for assessing the burden of disease as well as response to treatment (Friedman, 
2010). 
Currently, the majority of clinicians probe into the patient’s symptomatology regularly and 
the clinical tests most routinely used to evaluate severity of dry eye are tear break up time 
and corneal staining (Smith et al., 2008). 
Finally, it is important to remember that diurnal variation is known to occur in 
symptomatology and clinical signs, and to affect the visual function capabilities of dry eye 
patients (Abelson et al., 2009; Walker et al., 2010). 

3.1.1 Ocular Surface Disease Index (OSDI) 

The Ocular Surface Disease Index (OSDI) was developed by the Outcomes Research Group 
(OSDI®, Allergan, Inc., Irvine, CA, USA) and consists of a 12-item questionnaire designed to 
provide a rapid assessment of the symptoms of ocular irritation consistent with dry eye 
disease and their impact on vision-related functioning. The questions are subscaled in three 
major categories: vision-related function, ocular symptoms, and environmental triggers. The 
total score of the OSDI ranges from zero to 100, where the higher scores represent a greater 
disability (Li et al., 2007; Vroman et al., 2005). 

3.1.2 Tear Break-up Time (TBUT) 

A commercially available fluorescein-impregnated strip wet with non-preserved saline is 
used in this test and placed in the inferior fornix. Alternatively, sodium fluorescein can 
be instilled; however, the first method seems to disturb the natural condition of the 
ocular surface less. The patient is then asked to blink 3 times, and then to look straight 
ahead without any blink. The tear film is observed using a cobalt blue filter under wide 
beam illumination at the slit-lamp. The interval between the last blink and the 
appearance of the first randomly appeared corneal dry spot is measured as TBUT. A 
value less than 10 seconds is regarded as abnormal (Gharaee et al., 2009; Liu et al., 2008). 
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Patients with a tear break up time of less than 10 seconds before surgery have been 
shown to be at significant risk of experiencing tear film instability following 
phacoemulsification (Liu et al., 2002). 
However, there are some concerns that fluorescein itself can reduce the break up time of tear 
film (Taylor, 1980). 

3.1.3 Schirmer’s 1 test (S1T) 

The test is performed under natural lighting conditions without topical anesthesia. One of 
several types of commercially available filter paper, standardized for the Schirmer’s test, 
is placed in the lower fornix, over the junction of the middle and lateral thirds of the 
lower eyelid, and left in place for 5 minutes while the eyes are closed. The distance 
moistened is directly read off the scale on the paper itself. A reading of less than 10 mm is 
considered abnormal (Cho and Kim, 2009; Gharaee et al., 2009; Liu et al., 2008). 
Noticeably, it has been suggested that in patients who are candidates for LASIK surgery, 
those with S1T less than 20 mm/ 5 min may be more likely to develop chronic dry eye 
after surgery (Konomi et al., 2008). However, there may be many differences between the 
incision of LASIK and that of cataract surgery with respect to incision width, depth, and 
location (Cho and Kim, 2009). 

3.1.4 Tear Meniscus Height (TMH) 

This value is evaluated by measuring the height of the lacrimal river (tear film meniscus) 
and reading the scale on slit lamp microscopy without fluorescein. In dry eye patients, the 
lacrimal river may disappear. 

3.1.5 Corneal staining 

The cornea fluorescein staining is evaluated by using fluorescein test paper to contact the 
lower fornix of the eye. After 3 blinks, the subjects are asked to look straight ahead without 
any blink. The cornea is assessed under the wide beam cobalt blue light of the 
biomicroscope. Staining in any part of the cornea is considered abnormal. There are various 
classification schemes for grading the severity of staining. 

3.1.6 Ocular surface stress test  

Hardten introduced the “ocular surface stress test” as a tool to detect patients most at risk of 
developing initial or worsening manifestations of dry eye following phacoemulsification. In 
this test, ophthalmic examinations are performed in the usual manner and after instillation 
of dilating and anesthetic eye drops, the patient is instructed to sit in the waiting room for 30 
– 60 minutes. The patient is then re-examined and the presence of epithelial irregularity or 
punctate keratopathy after fluorescein staining is regarded as an alarming sign of an ocular 
surface problem (Hardten, 2008). 

3.1.7 Ocular Protection Index (OPI) 

The OPI is a binomial parameter incorporating TBUT and blink rate to decipher the level of 
ocular surface protection provided by the tear film between blinks. The OPI is calculated by 
dividing TBUT (in seconds) by inter-blink interval (or number of seconds between blinks) 
(Ousler, III et al., 2008). 
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4. Dry eye in cataract patients 

Multiple studies have demonstrated somewhat less favorable outcomes of cataract surgery 
in patients with dry eye, especially in those with associated connective tissue disorders 
(Adenis et al., 1996; Cohen, 1982; Gharaee et al., 2009; Golubovic and Parunovic, 1987; 
Hirsch, 2003; Insler et al., 1985; Krachmer and Laibson, 1974; Mehra and Elaraoud, 1992; 
Pfister and Murphy, 1980; Radtke et al., 1978; Ram et al., 2002; Ram et al., 1998; Zabel et al., 
1989). In addition, there are several studies, investigating dry eye in healthy patients 
undergoing cataract surgery and there are evidences that dry eye manifestations such as red 
eye, foreign body sensation and fatigue will inevitably emerge in most patients after cataract 
surgery (Cho and Kim, 2009; Gharaee et al., 2009; Li et al., 2007). 
Various complications including punctuate epithelial erosions, persistent or recurrent 
epithelial defects, filamentary keratitis, secondary infections, corneal ulceration, and 
keratolysis have been reported after cataract surgery in patients with dry eye. Patients with 
Sjögren’s syndrome are predisposed to complications such as suture abscesses, infectious 
keratitis, peripheral keratolysis, filamentary keratitis, and endophthalmitis following 
conventional extracapsular cataract extraction (Cohen, 1982; Insler et al., 1985; Jones and 
Maguire, 1992; Krachmer and Laibson, 1974; Mehra and Elaraoud, 1992; Ormerod et al., 
1988; Pfister and Murphy, 1980; Radtke et al., 1978; Ram et al., 2002; Ram et al., 1998). In 
addition, dry eyes are more susceptible to infection especially with Staphylococci and 
Streptococci (Dohlman et al., 1970; Jain et al., 1983; Ram et al., 1998; Scott et al., 1996). This 
could be due to decreased quantities of various protective enzymes such as lysozymes, 
lactoferrins, beta-lysins, and immunoglobulins in the tear film. (Dohlman et al., 1970; Holly 
and Lemp, 1977; Scott et al., 1996; Seal et al., 1986). 
Various factors play a role in outcomes in the patients with or without dry eye that have 
surgery. Most important is postoperative corneal desensitization (Lyne, 1982). Conventional 
extracapsular cataract extraction requires an incision that involves at least 4 to 5 clock hours 
of the limbus, denervating the superior half of the cornea. Lyne reported that the loss of 
corneal sensitivity after cataract surgery often persists for more than 2 years and can be 
permanent (Lyne, 1982). Corneal sensitivity impairment after ocular surface surgery is 
dependent on the extent of the corneal incision (Lyne, 1982). As mentioned earlier, the 
sensory denervation interferes with the normal physiology of the corneal epithelium and 
decreases epithelial cell mitosis, delaying wound healing. 
In addition, topical anesthesia and eye drops containing preservatives like benzalkonium 
chloride are well known to have effects on the corneal epithelium (Walker, 2004). Exposure 
to light from the operating microscope might also be associated with postoperative dry eye 
(Cho and Kim, 2009). Furthermore, the use of ultrasound in cataract surgery may damage 
corneal structures such as the epithelium, stroma, keratocyte, endothelium, and nerve 
plexuses (Mencucci et al., 2005). 
Ocular surface complications are much rarer following small incision phacoemulsification. 
Phacoemulsification has several advantages compared with extracapsular cataract extraction 
in patients with dry eye , including a much smaller incision with less corneal denervation, 
minimal tear-film surfacing problems (Khanal et al., 2008), and absence of sutures and so, 
smaller risk of infections (Ram et al., 2002). In addition, the shorter duration of 
phacoemulsification is accompanied by shorter microscope light exposure and the faster 
visual rehabilitation permits rapid tapering of topical medications. 
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In a study on dry eye following cataract surgery, my colleagues and I focused on tear film 
changes after phacoemulsification and the effect of clear corneal incision location on tear 
film (Gharaee et al., 2009). We enrolled 68 eyes of 68 patients without preoperative dry eye 
and with senile cataract requiring phacoemulsification in a prospective, cohort study. Basic 
Tear Secretion Test (BTST), Tear Meniscus Height (TMH) measurement, Tear Break Up Time 
Test (TBUT) and Schirmer’s 1 Test (S1T) were performed in all participants before and three 
months after surgery. Preoperative keratometry was used to determine the steepest 
meridian and corresponding location of the clear corneal incision. The cohort included 46 
men (67.6%) and 22 women (32.3%), with an age range of 48 to 82 years (mean, 66.9±9.4 
years). Phacoemulsification was performed with a temporal clear corneal incision in 36 eyes 
(52.9%) and with a superotemporal clear corneal incision in 32 eyes (47.1%). All incisions 
were made using a 3.2mm, single-use surgical knife (MSL 32, Mani Ophthalmic Knife, 
Japan) and left un-sutured at the conclusion of surgery. Topical chloramphenicol and 
betamethasone eye drops were administered on a tapering dose for one month 
postoperatively. There was no statistically significant difference between the results of pre- 
and post- operative S1T, TMH and BTST. These latter tests were not statistically different 
between incisions at different locations. However, TBUT results differed significantly in pre- 
and post-operative examination in both incision location groups (P<0.001) - though there was 
no statistically significant difference in TBUT results comparing incision locations (Gharaee et 
al., 2009). We had speculated that cutting more sensory nerves on the rich temporal meridians 
would have more effect on the tear film properties. However, this hypothesis was not 
confirmed in our study and this is in accordance with the newer description of the corneal 
nerve distribution described in this chapter (Muller et al, 1996; Ueda et al, 1989). Interestingly, 
Vroman and colleagues investigated the effect of hinge location on corneal sensation and dry 
eye after LASIK in a cohort of 47 myopic patients. In their series patient with a nasal hinge had 
significantly better corneal sensation than those with a superior hinge; however, dry eye 
occurred with the same frequency in both groups (Vroman et al., 2005). 
Cho and associates investigated the effect of incision location and shape on postoperative 
dry eye in patients undergoing phacoemulsification. Their results suggested that incision 
location has no effect on dry eye signs in either patients with or without preoperative dry 
eye; however, with regard to incision shape, a grooved incision was associated with more 
dry eye signs than single plane incisions in those patients without preoperative dry eye. In 
addition, there was significant correlation between microscopic light exposure time and dry 
eye test values. Moreover, corneal suture removal was associated with aggravation of dry 
eye symptoms in patients with preoperative dry eye (Cho and Kim, 2009). 
Khanal and associates investigated post-phacoemulsification changes in corneal sensitivity 
and tear physiology in a longitudinal, randomized trial on 18 patients (Khanal et al., 2008). 
They found that deterioration in corneal sensitivity and tear physiology is seen immediately 
after phacoemulsification. Despite a trend toward full-recovery, corneal sensitivity does not 
return to preoperative levels until 3 months postoperatively, whereas the tear functions 
recover within 1 month. In addition, postoperative treatment with tear lubricant was not 
found to have any effect on the improvement of tear physiology and corneal sensitivity 
post-surgically. In our study, we evaluated tear film properties 3 months after surgery and 
similarly we did not found statistically significant changes in tear tests (Gharaee et al., 2009). 
In another study, Ram and associates evaluated the outcome of phacoemulsification in 23 
patients with dry eye (Ram et al., 2002). Although all patients with dry eye reported more 
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discomfort and irritation for 3 to 4 weeks following cataract surgery compared to 
preoperatively, and a minimal detrimental effect on Schirmer’s and TBUT tests was also 
found, they concluded that phacoemulsification was safe and led to minimal complications 
in patients with age-related dry eye with or without associated systemic disorders. 
It is estimated that up to 20% of all cataract surgeries are performed on diabetic patients (Liu 
et al., 2008) and nearly half of diabetic patients had dry eye in some reports (Manaviat et al., 
2008). Liu and coworkers compared 25 diabetic cataract patients with 20 age-matched non-
diabetic cataract patients (Liu et al., 2008). They found that tear secretion was reduced in 
diabetic cataract patients after phacoemulsification, which worsened dry eye symptoms and 
predisposed those patients to ocular damage. However, in non-diabetics there was no 
significant, persistent change in tear film. As we found in our study, they also observed a 
transient increase in S1T in the early postoperative period, which returned to preoperative 
levels in 180 days. 
Li and colleagues investigated pathogenic factors responsible for dry eye in patients after 
cataract surgery (Li et al., 2007). In their study impression cytology demonstrated that, even 
3 months following cataract surgery, goblet cells were reduced in the bulbar conjunctiva along 
with changes of squamous metaplasia, and this was most marked in the regions covered by 
the lower lid; these findings suggest that dry eye might be induced by eye drops (Li et al., 
2007).The authors stated that dry eye could develop or deteriorate dramatically after cataract 
surgery if not treated timely and this could happen as early as one week postoperatively and 
peaks at about one month. Furthermore, misuse of eye drops is one of the major pathogenic 
factors that causes dry eye after cataract surgery. Other authors had similar findings 
previously (Lyne, 1982; Zabel et al., 1989); however, the role of eye drops in postoperative dry 
eye has not been confirmed in all studies (Khanal et al., 2008; Ram et al., 2002). 

5. Treatment 

Due to the many different causes and pathophysiologies, dry eye treatment continues to 
present a substantial challenge to the clinician. Dry eye aggravation following cataract surgery, 
especially with modern microincision phacoemulsification techniques, seems to be self-limited. 
In patients with preoperative dry eye, augmentation of dry eye treatment may be necessary; 
however, in those with normal tear status prior to surgery, temporary measures may be 
adequate. Over-the-counter ocular lubricants remain the mainstay of treatment, and a 
formulation of cyclosporine A is the only Food and Drug Administration (FDA)-approved 
ophthalmic solution for dry eye, but its indication is limited to patients who experience 
inflammation associated with dry eye. Punctal plugs and dissolving inserts placed in the 
subconjunctival sacs are other treatment options. Nutritional influences on dry eye are well-
known and omega-3 and omega-6 fatty acid intake could have beneficial effects on dry eye.  

6. Conclusion  

Dry eye manifestations appear or are aggravated following cataract surgery in most 
patients. Before surgery, patients should be informed about the presence of dry eye 
manifestations and the possible increase in dry eye symptoms. This would decrease the 
likelihood that patients will blame the cataract surgery per se for ‘‘tired eyes’’ or 
‘‘fluctuation of vision,’’ which are often signs of ocular surface disease. Increasing awareness 
helps the patient separate those dry eye symptoms from those of the surgery and makes 
postoperative care and counseling easier for the staff and physician (Hardten, 2008). 
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Intraoperative exposure to the operating microscope light should be minimized. The 
clinician should also be cognizant of the fact that grooved incisions, despite their advantages 
in other respects, can aggravate dry eye symptoms and signs in eyes that were healthy 
preoperatively (Cho and Kim, 2009). In addition, it is advised that eye drops should be 
carefully administered before and after cataract surgery to avoid or reduce the occurrence of 
dry eye postoperatively. 
The use of artificial tears was found not to facilitate recovery of tear physiology following 
phacoemulsification in all studies. Nevertheless, based on the findings of some studies 
(Foulks, 2003; Tomlinson et al., 1998; Yazdani et al., 2001), it may still be advisable for 
patients experiencing postoperative dry eye symptoms to use artificial tears to alleviate the 
symptoms. In patients with postoperative dry eye, timely effective treatment such as with 
artificial tears or lacrimal plugs is necessary (Li et al., 2007).  
Future research should focus on realistic modifications to the phacoemulsification 
procedure to achieve a safer approach in patients with ocular surface problems. 
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