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Abstract

Purpose This study aimed to examine the effect of

trabeculectomy with mitomycin C on corneal biome-

chanical characteristics in PEXG and POAG patients.

Methods In this prospective comparative case series

study, 32 glaucoma patients of whom 17 patients were

suffering from PEXG and 15 patients from POAG

were enrolled. All patients underwent complete ocular

examination, CCT using ultrasound pachymetry and

corneal biomechanical study using ORA. The patients

were hospitalized, and trabeculectomy surgery with

mitomycin was done. Three months after surgery,

patients were examined and ORA was obtained again.

Results The mean CH in patients with PEXG was

lower compared to patients with POAG (5.66 ± 1.13,

7.49 ± 0.88, respectively) before surgery, which had

a statistically significant difference (P\ 0.001). CRF

in patients with PEXG was significantly lower com-

pared to patients with POAG (8.19 ± 1.48 vs.

9.35 ± 1.60, respectively) before surgery, with

P = 0.049. CH remarkably increased and reached

6.69 ± 0.78 (P\ 0.001) in the PEXG group after

TBX ? MMC surgery. CH increased in the POAG

group after TBX ? MIC surgery and reached

8.23 ± 1.09, which was statistically significant

(P = 0.001). There was a significant relationship

between CH and IOPg changes in both PEXG and

POAG groups (P\ 0.001 and P = 0.01, respec-

tively). Although TBX ? MMC surgery changed the

amount of CH in PEXG and POAG groups, no

significant difference was shown in the parameters

between the two groups comparing the CH changes

(P = 0.33).

Conclusion According to the results of this study,

the biomechanical characteristics of cornea, particu-

larly CH, shows certain changes following surgery and

is increased, reflecting the dynamic nature of these

parameters. Our knowledge of the biomechanical

changes after glaucoma surgery can help us better

understand the pathophysiology of glaucoma diseases

and make the right decisions for follow-up of the

patients.
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Introduction

Glaucoma is one of the major causes of blindness and

is defined as progressive optic neuropathy
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accompanying an irreversible distinct pattern of visual

field loss [1].

Although intraocular pressure (IOP) is not among

the diagnostic criteria of glaucoma, it is a primary and

very important risk factor, and is a parameter of which

reduction and control can reduce the glaucoma

progression [2, 3].

Goldmann applanation tonometer (GAT) is the

standard measurement tool for intraocular pressure

(IOP). It has been recognized that corneal biomechan-

ical properties, including elasticity and viscosity, can

be effective on corneal resistance against flattening;

thus, these properties affect the measured IOP by

Goldmann tonometer [4].

An ocular response analyzer (ORA) is being used to

measure the corneal biomechanical properties. The

device measures 3-mm central corneal curvature using

a change tracking after collision to air pulses. Air

pulses cause the cornea to move inward past a first

applanation (flattening) into a concave shape, and then

decrease corneal flattening by decreasing the air

pressure and returning it to its normal convexity.

The inward and outward movement in the ORA graph

creates two waves called P1 and P2.

Corneal hysteresis (CH) is obtained by subtracting

P1 and P2 waves and shows the viscosity properties of

the cornea. Other parameters measured by the ORA

include corneal resistance factor (CRF), which

expresses the general strength of the cornea; IOPg
(Goldman); and IOPcc (corneal compensate). IOPcc is

the measured intraocular pressure, which is less

affected by corneal thickness, and IOPg shows the

estimated measured intraocular pressure by Goldman

[5, 6].

Pseudoexfoliation glaucoma (PEXG) is the most

common type of open-angle glaucoma with a specified

cause [7]. PEXG is often accompanied with higher

IOP and more daily changes, and is clinically more

progressive, more resistant to treatment and more

likely to need glaucoma surgery compared with

primary open-angle glaucoma (POAG) [8, 9].

Currently, several studies have shown that glau-

coma patients have less CH and CRF than normal

people, and the reduction of CH and CRP is associated

with the severity of damage caused by glaucoma

[10, 11]. Among patients with open-angle glaucoma,

PEXG had lower CH compared to POAG. The low CH

could explain the worse prognosis in PEXG

[1, 12, 13].

Surgeries can alter the biomechanics of the cornea,

and the effects of different surgeries, such as pene-

trating keratoplasty, cataract and refractive surgeries,

have been studied [6, 14, 15].

Currently, studies on the effect of glaucoma surgery

are limited. One of them is Pakravan et al.’s study on

the effects of different surgeries of glaucoma [16].

This study examined the surgical effect of TBX ?

MMC on corneal biomechanical characteristics based

on two common types of glaucoma, POAG and PEXG,

for the first time.

Methods

This prospective comparative case series study was

conducted in the Glaucoma Ophthalmic Clinic of

Nikookari Hospital, Tabriz, Iran, from November

2014 to February 2016. In total, 32 glaucoma patients

with surgical indication of TBX ? MMC were

enrolled in the study; 17 patients were suffering from

PEXG and 15 patients from POAG.

The study was in accordance with the Declaration

of Helsinki and was approved by the ethics committee.

Written informed consent was obtained from all

patients after giving a full description.

POAG was defined as including an open angle for

the gonioscopy, characteristic optic neuropathy, visual

field defect and absence of secondary causes for

glaucoma. PEXG was defined as a typical pseudoex-

foliative material on the surface of the lens capsule or

pupillary margin after the maximum mydriasis.

Patient with history of contact lens and any ocular

surgery, connective tissue disease and diabetes,

corneal disorders like corneal ectasia and dystrophies

and scars, central corneal thickness of less than 500

and more than 580 microns, an IOP after surgery of

less than 5 or more than 21 and any surgical

complications were excluded from the study.

All patients underwent a complete ocular exami-

nation including best corrected visual acuity, slit lamp

bio microscopy, fundus examination, measurement of

IOP by Goldmann applanation tonometer (GAT,

Haag-Streit, Koeniz, Switzerland), gonioscopy with

three mirror lens and pachymetry using NIDEK UP-

1000 ultrasonic pachymetry (Nidek Technologies,

Gamagori, Japan).

All patients were treated with anti-glaucoma drugs,

and patients who had glaucoma progression despite
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full dose medication underwent surgery in both study

groups. Beta blockers, carbonic anhydrase inhibitor

drops and prostaglandins were used for glaucoma

control prior to surgery.

Corneal biomechanical examination was done

using ORA (Reichert Inc., Depew, New York, USA)

before any contact and dilation procedure to eliminate

their effects. Highest quality data were selected based

on waveform scores, and unreliable signals (waveform

score\ 4.0) were excluded. All examinations were

performed from 9 to 12 o’clock to reduce the effect of

diurnal changes as well.

The hospitalized patients underwent trabeculec-

tomy surgery with mitomycin C by the same surgeon

and technique. Fornix-based surgery was done in the

superotemporal area by creating a semi-thick rectan-

gular sclera flap for all patients, and then, mitomycin C

(0.2 mg/ml) was used for 1.5 min. Then, a scleros-

tomy was created using a punch of 1.5 9 1 mm.

Peripheral iridectomywas done usingVannas scissors,

and then, the scleral flap was closed with two Nylon

10.0 sutures. Finally, conjunctiva was sutured by

Nylon 10.0.

The patients were under care and regular visits after

the surgery. The post-operation treatment regimen for

patients included topical drops, chloramphenicol 0.5%

four times a day for a week, homatropine 2% three

times a day for 2 weeks and betamethasone 0.1% six

times a day, which was usually tapered within

3–4 weeks based on the patients’ conditions.

The patients were examined completely 3 months

after the operation. If there were no complications and

the IOP was in the range of 5–21, ORA was re-

conducted and data were collected.

Statistical analysis was conducted using SPSS

software version 19 (SPSS, Inc., Chicago, IL). Data

were presented as mean and standard deviation, and

P value of less than 0.05 was considered statistically

significant.

Results

Among 32 patients who underwent TBX ? MMC, 17

patients were suffering from PEXG and 15 from

POAG. Demographic characteristics, clinical findings

and preoperative ORA in both patient groups are

shown in Table 1.

There was no significant difference between two

groups in terms of sex, age, central corneal thickness

(CCT), vertical cup to disk ratio (VCDR), measured

IOP by Goldman (IOP GAT), IOPcc, IOPg, number of

drugs used and type of medication at the beginning of

study (Table 1).

The mean CH in patients with PEXG was lower

compared to patients with POAG (5.66 ± 1.13,

7.49 ± 0.88, respectively) before surgery, which had

a statistically significant difference (P\ 0.001).

CRF in patients with PEXG was significantly lower

compared to patients with POAG (8.19 ± 1.48 vs.

9.35 ± 1.60, respectively) before surgery, with

P = 0.049 (Table 1).

ORA and IOP GAT parameter difference after

TBX ? MMC surgery in the two groups of PEXG and

POAG are shown in Tables 2 and 3, respectively.

CH remarkably increased and reached 6.69 ± 0.78

(P\ 0.001) in the PEXG group after TBX ? MMC

surgery. CRF decreased significantly after surgery

(P = 0.001). In addition, a significant decrease in

IOPcc, IOPg and IOP GAT was observed after surgery

in this group.

CH increased in the POAG group after TBX ?

MIC surgery and reached 8.23 ± 1.09, which was

statistically significant (P = 0.001). However, a sig-

nificant decrease was seen in the CRF along with IOPg,

IOPcc and IOP GAT in this group after surgery.

Although TBX ? MMC surgery changed the

amount of CH, CRF, IOP GAT, IOPg and IOPcc in

PEXG and POAG groups, no significant difference

was shown in the parameters between the two groups

comparing the changes (Table 4).

There was a significant negative correlation

between IOPg changes and CH changes in the PEXG

group following the surgery (r = - 0.65; P\ 0.001)

(Fig. 1). There was also a significant negative corre-

lation between IOPg changes and CH changes in

POAG group following the surgery (r = - 0.45;

P\ 0.01) (Fig. 2).

CRF changes along with IOPg changes were also

examined. A significant direct relation was observed

between CRF and IOPg changes in the PEXG group

(r = ? 0.24 and P = 0.04). However, there was no

significant direct relation between CRF and IOPg
changes in the POAG group (P = 0.07).
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Discussion

Human cornea includes physical and structural char-

acteristics such as thickness, as well as biomechanical

features [14]. Corneal biomechanical characteristics

are very important in many fields of ophthalmology,

and their evaluation increases our knowledge of

pathological changes in the cornea.

An ocular response analyzer (ORA) is a device that

measures the corneal biomechanical properties. ORA

data include CH, CRF, IOPg and IOPcc. CH is the most

important data of ORA and shows the measurement of

the corneal viscosity. Indeed, CH shows the ability of

corneal tissue to absorb and distribute energy, and its

normal range is 9.6–12.2 [16]. This parameter appears

to be independent of the IOP in normal eyes, but it has

an inverse relationship with IOP in glaucoma patients

[17].

Several studies have shown that corneal biome-

chanical changes are consistent with changes and

Table 1 Baseline patient characteristics

PEXG (n = 17) POAG (n = 15) P value

Gender Female 4 (23.5%) Female 5 (33.3%) 0.70*

Male 13 (76.5%) Male 10 (67.7%)

Eye OD 11 (64.7%) OD 8 (53.3%) 0.51**

OS 6 (35.3%) OS 7 (46.7%)

Age 66.24 ± 6.81 63.67 ± 5.74 0.37***

CCT 530.53 ± 20.87 542.60 ± 19.24 0.08***

VCDR 0.81 ± 0.12 0.83 ± 0.09 0. 79***

IOP GAT 5.66 ± 1.13 7.49 ± 0.88 \ 0.001***

CRF 8.19 ± 1.48 9.35 ± 1.60 0.049***

IOPg 21.41 ± 3.61 20.65 ± 4.65 0. 71***

IOPcc 24.22 ± 4.47 23.35 ± 4.17 0.50***

Number of medications 3.76 ± 0.59 4.00 ± 0.0 0.41***

*Fisher’s exact test; **Chi-Square tests; ***Mann–Whitney U

OD, right eye; OS, left eye; CCT, central corneal thickness; VCDR, vertical cup to disk ratio; IOP GAT, intraocular pressure with

Goldmann applanation tonometer; CH, corneal hysteresis; CRF, corneal resistance factor; IOPg, Goldmann-correlated intraocular

pressure; IOPcc, corneal-compensated intraocular pressure

Table 2 The changes of the IOP GAT and ORA data before

and 3 months after trabeculectomy surgery with mitomycin C

(TBX ? MMC) in patients with pseudoexfoliation glaucoma

(PEXG)

Pre Post p value*

IOP GAT 22.29 ± 2.28 14.71 ± 2.11 \ 0.001

CH 5.66 ± 1.13 6.69 ± 0.78 0.001

CRF 8.19 ± 1.48 7.11 ± 1.15 0.001

IOPg 21.41 ± 3.61 13.99 ± 2.95 \ 0.001

IOPcc 24.22 ± 4.47 17.76 ± 2.53 0.001

*Wilcoxon

IOP GAT, intraocular pressure with Goldmann applanation

tonometer; CH, corneal hysteresis; CRF, corneal resistance

factor; IOPg, Goldmann-correlated intraocular pressure; IOPcc,

corneal-compensated intraocular pressure

Table 3 The changes of the IOP GAT and ORA data before

and 3 months after trabeculectomy surgery with mitomycin C

(TBX ? MMC) in primary open-angle glaucoma (POAG)

patients

Pre Post P value*

IOP 21.87 ± 3.14 14.13 ± 2.21 \ 0.001

CH 7.49 ± 0.88 8.23 ± 1.09 0.01

CRF 9.35 ± 1.60 8.31 ± 1.42 0.001

IOPg 20.65 ± 4.65 13.07 ± 2.60 0.001

IOPcc 23.35 ± 4.17 16.31 ± 0.77 0.001

*Wilcoxon

IOP GAT, intraocular pressure with Goldmann applanation

tonometer; CH, corneal hysteresis; CRF, corneal resistance

factor; IOPg, Goldmann-correlated intraocular pressure; IOPcc,

corneal-compensated intraocular pressure
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damages caused by glaucoma. In a study by Prata

et al., they found that low CH together with higher C/D

ratio is independent of the IOP and disk size. CH also

matches with the findings of the GDX [18].

Corneal biomechanical findings, and CH in partic-

ular, can play an important role in determining

prognosis. In a retrospective cohort study, De Moraes

et al. [19] demonstrated that low CH was associated

with faster progression of glaucoma.

Biomechanical characteristics of the cornea, par-

ticularly CH, were studied in different types of

glaucoma such as congenital glaucoma, normal

tension glaucoma, POAG, PEXG and primary angle

closer glaucoma, and CH was lower compared to

normal people in all of these studies [20–24].

In a study by Ozkok et al., the viscoelastic

properties of the cornea in PEXG patients were

compared with POAG patients. This study was

conducted on 38 POAG patients and 35 PEXG patients

and showed that CH was significantly lower in PEXG

patients compared to POAG patients (8.8 ± 1.4 vs.

9.9 ± 1.2 with P = 0.0007). Besides, CRF was lower

in PEXG patients than POAG patients, P\ 0.0001. In

this study, there was no significant difference in CCT

between the two groups.

In our study, CH was lower than average in both

PEXG and POAG groups (5.66 ± 1.13 and

7.49 ± 0.88, respectively). Comparing the two

groups, CH was significantly lower in the PEXG

group than the POAG group (P\O.OOO1). CRFwas

lower in PEXG patients than POAG patients,

P = 0.0001. In our study, CCT showed no significant

difference between the groups [1].

Studies on the CCT difference in patients with

PEXG and POAG had varying results. Bechmann et al.

[25] reported thinner CCT in PEXG patients. Ventura

et al. [26] showed no difference in CCT in both groups,

which was consistent with the study by Ozkok et al.

Table 4 The comparison of data changes in ocular response

analyses (ORA) before and after trabeculectomy surgery with

mitomycin C (TBX ? MMC) in two PEXG and POAG groups

(n = 17) PEXG (n = 15) POAG P value*

DCH - 1.03 ± 0.22 - 0.75 ± 0.26 0.33

DCRF 1.08 ± 0.30 1.04 ± 0.27 0.74

DIOPg 7.41 ± 4.67 7.58 ± 3.65 0. 82

DIOPcc 6.46 ± 5.03 7.04 ± 3.68 0.79

*Mann–Whitney U

DCH, CH change; DCRF, CRF change; DIOPg, IOPg change;

DIOPcc, IOPcc change

Fig. 1 The scatter plot

shows the inverse

relationship between

changes in corneal

hysteresis (CH) by reducing

IOPg after trabeculectomy

surgery with mitomycin C

(TBX ? MMC) in patients

with pseudoexfoliation

glaucoma (PEXG). DCH,
CH change; DIOPg, IOPg
change
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[1], as well as our study. This lack of difference in

CCT between POAG and PEXG groups can indicate

that biomechanical characteristics play a role in

glaucoma pathogenesis independent of CCT. On the

other hand, a decrease in CH in PEXG patients

compared to POAG patients may justify the worse

prognosis in these patients. PEX syndrome is a

systemic disease which can affect all structures of

the eye including the cornea. CH reduction, which is a

factor for the absorption and distribution of energy,

can be associated with similar changes and with a

reduction of support in the lamina and peripapillary

sclera of the optic nerve in these patients [27, 28].

Therefore, this justifies tougher and faster progression

of PEXG disease compared to POAG, even when IOP

is similar between these two.

Studies on the impact of glaucoma surgical meth-

ods are limited. The only available study is that of

Pakravan et al. In this study, corneal biomechanical

changes were examined after different glaucoma

surgeries including trabeculectomy, phacotrabeculec-

tomy and Ahmed glaucoma valve, and a group of

patients who only had phacoemulsification surgery

were selected as the control group. This study was

prospective, and the patient ORA was measured

before and 3 months after the surgery; thus, the

changes before and after surgery were evaluated. In

this study, 23 patients with open-angle glaucoma

underwent trabeculectomy surgery using mitomycin.

CH was significantly lower in glaucoma patients

before surgery compared to non-glaucoma patients

(5.4 vs. 8.1, P\ 0.001). CH increased in trabeculec-

tomy, phacotrabeculectomy and Ahmed valve surg-

eries 3 months after surgery (2.16, 2.29, 2.30,

respectively), P\ 0.001. CRF also increased in all

groups (P\ 0.001), whereas there were no significant

changes in CH and CRF in patients undergoing

phacoemulsification [16].

In our study, TBX ? MMC surgery increased CH

significantly in both POAG and PEXG groups

(P = 0.01 and P = 0.001, respectively). It also caused

a significant decrease in IOP GAT, IOPg and IOPcc in

both groups. Unlike Pakravan et al.’s study, in our

study, there was a significant reduction in CRF

changes following surgery in both groups. The study

by Beyazyildiz et al., which investigated the ORA

parameters in POAG and PEXG patients, can be used

as an evidence to justify this difference. In that study,

there was a significant reduction in CH and CRP in

PEXG patients compared to POAG patients and

normal people. That study measured the relationship

of different parameters and concluded that there was

Fig. 2 The scatter plot

shows the inverse

relationship between

changes in corneal

hysteresis (CH) by reducing

IOPg after trabeculectomy

surgery with mitomycin C

(TBX ? MMC) in patients

with primary open-angle

glaucoma (POAG). DCH,
CH change; DIOPg, IOPg
change
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direct relationship between CRF and IOPg in all

groups [12]. Therefore, the reduction in CRF in all

patients following TBX ? MMC surgery can be due

to the reducing effect of surgery on IOP.

Corneal biomechanical changes following glau-

coma surgery can have multiple causes including

surgical procedure and manipulation of the eye, the

use of intraoperative drugs such as MMC and topical

medications that are often cut off after surgery.

Considering all these factors, it seems that the main

reason for the change is due to control and reduction of

IOP after surgery resulting in less stress applied to the

cornea.

However, in our study, an inverse significant

relationship was seen between IOPg CH changes

following surgery in both PEXG and POAG groups

(P\ 0.001 and P = 0.01, respectively).

Considering the inverse relationship of CH and

IOPg, the eye strain reduction after surgery can lead to

CH increase, which is fully justified.

There are contradictory results on CRF changes. In

our study, there was CRF reduction after surgery and

the relationship between IOPg and CRF changes was

different; a positive significant relationship was found

only in the PEXG group. Considering different results

on CRF in various studies, it appears that this data can

be affected by several factors and has less reliability

than CH.

Topical drugs used to treat glaucoma can cause

corneal biomechanical changes. In general, these

drugs increase CH mainly due to the reducing effect

on IOP [16, 17]. In the case of prostaglandins, studies

have shown that this effect is independent of IOP [29].

In our study, the two PEXG and POAG groups had no

significant difference in terms of the number and type

of drugs, especially Latanoprost.

We observed that there were clear and definite

changes in ORA parameters such as CH, CRF, IOPg
and IOPcc before and after surgery in both PEXG and

POAG groups. But the rate of changes in any of the

parameters showed no significant difference between

the two groups. This study showed that the effect of

TBX ? MMC surgery on corneal biomechanical

characteristics based on the type of glaucoma (PEXG

or POAG) is not different, which can be due to the

similar reducing effects on IOP after TBX ? MMC

surgery independent of the type of primary glaucoma.

According to the results of our study, the biome-

chanical characteristics of cornea, particularly CH,

show certain changes following surgery and is

increased, reflecting the dynamic nature of these

parameters. With regard to the effects of corneal

biomechanical characteristics on routine IOP mea-

surements, and also considering the importance of

these characteristics in diagnosis, determining prog-

nosis and determining the probability of response to

treatment, our knowledge on biomechanical changes

after glaucoma surgery can help us better understand

the pathophysiology of glaucoma diseases and make

the right decisions for follow-up of patients.

Further studies on different types of glaucoma, at

different stages of the disease, with a larger sample

size, and an extended follow-up can help us better

understand the mutual relationship between surgical

methods of glaucoma and biomechanical changes.
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