
Al-Iraqia Medical College Journal, AIMCJ. (2026),3; (1):68-76 

Research Article 

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 68 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 
Keratoconus (KC) is increasingly recognized as a 

complex, multifactorial, and heterogeneous dis-

ease that may arise from multiple independent 

metabolic and biochemical factors.  
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Corneal collagen cross-linking (CXL) using riboflavin (vita-

min B2) with ultraviolet A (UVA) irradiation has recently 

been introduced as a new therapeutic option. This study 

aimed to evaluate intraocular pressure (IOP) changes after 

CXL in a sample of Iraqi patients with keratoconus. This pro-

spective study included 28 patients with bilateral keratoconus 

(56 eyes) who underwent CXL with riboflavin and UVA ir-

radiation in both eyes. IOP measurements were performed 

with a Tonopen, and optical coherence tomography (OCT) 

was used to evaluate corneal thickness immediately before 

treatment and at 3- and 6-month post-treatment. 

Intraocular pressure (IOP) was significantly increased 

(P<0.001) after 3 and 6 months compared to baseline. The 

IOP rise remained significant (P<0.001) after correcting IOP 

measurements for corneal thickness decrease (from 475.1 μm 

to 447.5 μm after 3 months and from 475.1 μm to 470.1 μm 

after 6 months). The percentage increases in IOP after three 

months were 11.2% and 27.1% before and after IOP correc-

tion, respectively. The percentage increases in IOP after six 

months were 16.8% and 20.1% before and after IOP correc-

tion, respectively.  

In conclusion, in patients with keratoconus, CXL with ribo-

flavin and UVA irradiation resulted in a significant increase 

in IOP as measured with the Tonopen, even after correction 

for corneal thickness changes. This finding may have been 

due to increased corneal rigidity rather than a true increase. 
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Introduction  

Keratoconus is a non-inflammatory, bilateral 

disorder marked by progressive bulging and 

thinning of the cornea. Conicalization of the cor-

nea leads to irregular astigmatism, myopia, and 

reduced visual acuity (1). The extent to which 

heredity contributes remains unclear. Most pa-

tients have no positive family history, and only 

10% of cases appear to affect progeny (2). 

The specific cause of keratoconus remains un-

known. Nonetheless, it appears to be a heteroge-

neous disorder that may result from a variety of 

unrelated metabolic and biochemical defects 

(3). Given its correlation with other genetic dis-

orders (such as Down's syndrome and Leber's 

congenital amaurosis), its incidence among 

first-degree relatives, and its presence in 

monozygotic twins, keratoconus has long been 

thought to have a genetic component (4). Only 

10% of individuals with keratoconus have a 

family history of autosomal dominant or reces-

sive transmission, which is the most prevalent 

mode of inheritance (3). In most cases, topo-

graphic imaging shows at least one eye affected 

(2). 

Morphological indicators of keratoconus in-

clude the development of Fleischer's ring, a pig-

mented ring caused by ferritin particles accumu-

lating in the epithelium and enlarged intercellu-

lar spaces (5); cracks in Bowman's membrane, 

packed with collagen, cells, and Periodic Acid-

Schiff-positive material (6); thinning of the 

stroma and aberrant morphology of keratocytes 

(5); and endothelial polymorphism (7). Kerato-

conus has been treated using a variety of medi-

cal and surgical techniques. These methods, 

which include spectacles and soft contact lenses 

for early conditions and rigid gas permeable 

contact lenses (RGPs) for more advanced cases,  

 

 

 

only enhance visual acuity and do not reduce the 

rate of cone progression (5). 

Keratoplasty, either penetrating or deep anterior 

lamellar keratoplasty, is another approach used 

for more advanced cases, especially those with 

significant corneal scarring. Intracorneal ring 

segments (INTACS) can also be used, as they 

provide at least moderate visual improvement 

and improve contact lens tolerance (5). 

Riboflavin (vitamin B2) with ultraviolet A 

(UVA) irradiation is used in corneal collagen 

cross-linking (CXL), a therapeutic option shown 

to slow, stabilize, or even reverse the progres-

sion of corneal ectasia in patients with kerato-

conus (8). The capacity of collagen fibrils to 

form strong linkages with surrounding fibrils is 

called cross-linking. Collagen cross-linking nat-

urally occurs in the cornea as we age due to an 

oxidative deamination process that occurs in 

collagen's end chains (9). 

When applied topically to the cornea, riboflavin 

acts as a photosensitizer activated by ultraviolet 

A radiation. The cornea becomes more rigid as 

a result of the formation of strong chemical con-

nections between collagen fibrils brought on by 

the light-induced generation of oxygen radicals. 

According to reports, the total stiffness of hu-

man corneas can grow by up to 330% (10). The 

most common complications of CXL include 

transient stromal edema, corneal scarring, tran-

sient and permanent haze, sterile infiltrates, and 

infectious keratitis (11). The current study was 

designed to evaluate IOP changes following cor-

neal collagen crosslinking in Iraqi patients with 

keratoconus. 
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Materials &Methods  

Study Design 

A prospective study was conducted at the Iraqi 

Red Crescent Hospital from May 2023 to May 

2024. A total of 36 patients were included in the 

study; 28 completed the study period, and 8 did 

not complete follow-up. Twenty-eight patients 

with bilateral keratoconus (56 eyes) underwent 

CXL induced by riboflavin and UVA irradiation 

in both eyes. 

Inclusion criteria  

Documented progressive keratoconus by Sirius 

tomography and/or repeated astigmatic refrac-

tion, with corneal thickness at the thinnest point 

of 400 μm or more and a maximum keratometry 

(K) reading less than 58 diopters (D). No previ-

ous eye surgery or other abnormalities. History 

of progression (increase in the maximum local 

K value of 1D or more in 1 year), demonstrated 

by Sirius topography readings. 

Exclusion Criteria 

Patients were excluded if they had any ocular or 

systemic condition that could affect the safety or 

reliability of the study outcomes, including cor-

neal thickness less than 400 μm, a history of her-

petic keratitis due to the risk of reactivation, 

concurrent ocular infection, severe corneal 

opacification or scarring, severe ocular surface 

disease, a history of poor epithelial wound heal-

ing, autoimmune disease, or use of medications 

known to impair corneal healing or influence 

study results. 

Preoperative Assessment 

Preoperative assessment included a review of 

general medical and surgical history and a com-

plete ophthalmologic examination, including 

slit-lamp examination, measurement of best- 

 

 

corrected visual acuity (BCVA) using a Snellen 

chart. chart, corneal thickness by optical coher-

ence tomography (OCT), and intraocular pres-

sure (IOP) by Tonopen. IOP measurements were 

performed before treatment and at 3 and 6 

months after treatment. IOP was measured in 

millimeters of mercury (mmHg).   

Procedure 

Topical anesthesia with tetracaine hydrochlo-

ride is the initial step of CXL, followed by me-

chanical excision of the central 9.0-mm corneal 

epithelium. Afterward, topical riboflavin 0.1% 

is applied every 3 minutes for 30 minutes, fol-

lowed by 30 minutes of UVA irradiation using a 

solid-state UVA illuminator. During UVA irra-

diation, 0.1% riboflavin is administered every 5 

minutes. The energy delivered is 3 mW/cm, and 

the irradiation field has a diameter of 8 mm. 

Preoperative baseline IOP measurements are 

compared with postoperative measurements, 

with IOP corrected for corneal thickness reduc-

tion at each visit (3 and 6 months postopera-

tively). 

The method of IOP measurement 

A topical anesthetic drop is applied, and the pa-

tient is instructed to fixate on a target to mini-

mize eye movement. The Tonopen AVIA is fac-

tory-calibrated and does not require daily cali-

bration, but daily verification is essential. Veri-

fication is performed by applying a tip cover, 

pressing the button until "dn" appears, then 

holding the device upright. A "Pass" confirms 

proper    function,    while   a "Fail" indicates the  

 



                        

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 71 

Effect of Corneal Collagen Cross Linkage on 

Intra-Ocular Pressure Measurement in Patients 

with Keratoconus 

AIMCJ. (2026),3; (1):68-76                        
https://doi.org/10.58564/AIMCJ3.1.2026.137 

device should not be used. During measurement, 

the tonometer is held perpendicular to the cornea 

with minimal contact and hand support on the 

patient's cheek. After 4 seconds, the IOP and the 

statistical confidence indicator are displayed if 

at least 6 applanations are recorded. Ten read-

ings are taken per eye, and the average is calcu-

lated. The application process must be restarted 

if any error codes appear on the LCD after the 

last beep. When the statistical confidence indi-

cator is 95, it indicates that the standard devia-

tion of the valid measurements is 5% or less of 

the displayed value. A measurement is consid-

ered more reliable if its statistical confidence in-

dicator is higher. It is advisable to repeat the 

measurement if the statistical confidence indica-

tor is 80 or lower. The main researcher per-

formed all readings. A topical anesthetic drop is 

applied, and the patient is instructed to fixate on 

a target to minimize eye movement. The Tono-

pen AVIA is factory-calibrated and does not re-

quire daily calibration, but daily verification is 

essential. Verification is performed by applying 

a tip cover, pressing the button until "dn" ap-

pears, then holding the device upright. A "Pass" 

confirms proper function, while a "Fail" indi-

cates the device should not be used. 

During measurement, the tonometer is held per-

pendicular to the cornea with minimal contact 

and hand support on the patient's cheek. After 4 

seconds, the IOP and the statistical confidence 

indicator are displayed if at least 6 applanations 

are recorded. Ten readings are taken per eye, 

and the average is calculated. The application 

process must be restarted if any error codes ap-

pear on the LCD after the last beep. When the 

statistical confidence indicator is 95, it indicates 

that the standard deviation of the valid measure-

ments is 5% or less of the displayed value. A 

measurement is considered more reliable if its 

statistical confidence indicator is higher. It is 

advisable to repeat the measurement if the sta-

tistical confidence indicator is 80 or lower. The 

main researcher performed all readings. 

Correction of IOP Measurements According 

to Corneal Thickness Changes 

IOP measurements must be corrected to obtain 

accurate results, as changes in corneal thickness 

after CXL may affect IOP readings. After CXL, 

corneal thickness changes were measured, and 

IOP was adjusted accordingly. The Sirius topo-

graphical device was used to adjust. It combines 

Scheimpflug imaging with Placido disk technol-

ogy to generate precise maps of corneal thick-

ness and curvature. The measured corneal thick-

ness at the thinnest point and the central cornea 

was used to adjust IOP readings, thereby im-

proving the accuracy of post-CXL IOP assess-

ment. This correction helps minimize the influ-

ence of corneal thinning or thickening on to-

nometry measurements, providing a more relia-

ble evaluation of IOP changes. Following the 

procedure (11). 

Statistical Analysis 

The Statistical Package for the Social Sciences 

(SPSS) version 24 was used for data input and 

analysis. A paired t-test was used to assess the 

significance of the difference in means between 

pre- and post-treatment (before and after correc-

tion). A p-value less than 0.05 was considered 

significant. 

Results: 

Baseline Patients Characteristics 

A total of 28 patients (56 eyes) aged 18-28 years 

were included in this study. The mean age of the 

patients was 24.57 ± 2.82 years (presented as 

mean ± standard deviation (SD)). There were 13 
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female patients (26 eyes; 46.4%) and 15 male 

patients (30 eyes; 53.6%). 

 

Effect of Corneal CXL on IOP after 3 months 

Table 1 showed a statistically significant in-

crease in IOP (P<0.001) when comparing base-

line IOP with post-CXL measurements at 3 

months of follow-up. The change was an 11.2% 

increase in IOP after three months. Regarding 

corneal thickness changes after CXL, the mean 

corneal thickness decreased from 475.1 μm to 

447.5 μm after 3 months, with a mean change of 

-27.6 μm, and the IOP was corrected for this 

change. The IOP remained significantly in-

creased (P<0.001) after correction. The effect of 

CXL on IOP is also shown in Figure 1. 

 

 

                            

                  Table 1: The Effect of CXL on IOP three months postoperatively: 

Preoperative IOP Postoperative IOP Percent of Change P-value 

10.36±1.26 11.52±1.13 

(before correction) 

+11.2% <0.001 

13.17±1.13  

(after correction) 

+27.1% <0.001 

                          Intraocular pressure (IOP) is measured as the mean ± standard deviation (SD) in mmHg.  

                          P-value <0.05 is considered significant.       

 

 
Figure 1: The Effect of CXL on IOP in patients with Keratoconus (after 3 months). 
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Effect of Corneal Collagen Cross Linkage 

(CXL) on Intra-Ocular Pressure (IOP) after 

6 months 

Table 2 showed a statistically significant in-

crease in IOP (P<0.001) when comparing base-

line IOP with post-CXL measurements at 6 

months of follow-up. The change was a 

(+16.8%) increase in IOP after six months. 

When considering changes in corneal thickness 

after CXL, the mean corneal thickness de-

creased from (475.1μm) to (470.1μm) after six 

months, with a mean change of (-5.0μm). The 

IOP was corrected for this change. After correc-

tion, the IOP remained significantly elevated 

(P<0.001). The effect of CXL on IOP is also 

shown in Figure 2. 

 

                          

                          Table 2: The Effect of CXL on IOP six months postoperatively: 

Preoperative IOP Postoperative IOP Percent of Change P-value 

10.36±1.26 12.1±0.86 

(before correction) 

+16.8% <0.001 

12.44±0.86 

(after correction) 

+20.1% <0.001 

Intraocular pressure (IOP) is measured as mean ± (SD) and expressed in (mmHg). 

P-value <0.05 is considered significant. 

 

 

 
 

Figure 2: The Effect of CXL on IOP in patients with Keratoconus (after 6 months). 
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Discussion  

CXL with riboflavin and UVA is a surgical pro-

cedure used to treat keratoconus (12). The ther-

apy relies on UVA activating the photosensitizer 

riboflavin, which generates oxygen radicals that 

strengthen chemical connections between colla-

gen fibrils, increasing corneal stiffness (13). 

In this study, CXL with riboflavin and UVA was 

performed in 56 eyes diagnosed with kerato-

conus, and IOP was assessed in each eye before 

CXL and at 3 and 6 months post-CXL. There 

was a significant increase in IOP after 3 months 

of CXL, with a percentage change of (+11.2%) 

before IOP value correction and (+27.1%) after 

correction. 

After completing the 6-month follow-up, we ob-

served a continued significant increase in IOP, 

with the percentage change reaching about 

(+16.8%) before IOP value correction and 

(+20.1%) after correction. It is widely acknowl-

edged that thin corneas underestimate the ob-

served IOP, whereas thick corneas exaggerate it 

(14). Another indication of improved corneal 

stability following CXL therapy is an increase in 

IOP (15). One theory explaining why measured 

pressure rises following CXL is that corneal 

stiffening is correlated with increased corneal ri-

gidity.   

IOP measurements can be affected by corneal 

stiffness, which reflects the eye's elasticity. In-

creases in corneal stiffness and biomechanical 

changes after CXL may lead to higher measured 

IOP in these patients (16). Although several 

studies suggest that CXL-induced changes in 

corneal elasticity and stiffness may overestimate 

IOP, a genuine rise in IOP with CXL cannot be 

ruled out. An invasive technique for assessing 

IOP might validate this hypothesis (17). 

 

This process may have a multifactorial etiology, 

regardless of whether the elevated IOP is due to 

overestimation, a true rise in IOP, or both. 

Therefore, baseline IOP should be considered in 

patients undergoing CXL. 

Our study's findings were consistent with other 

research using riboflavin and UVA CXL to treat 

keratoconus and report corneal stiffness. Ky-

mani's D et al. reported that IOP readings in-

creased significantly at 6 and 12 months follow-

ing therapy (both P<0.001). Following CXL, 

biomechanical changes and increases in corneal 

stiffness are most likely linked to changes in 

IOP. There was no correlation between the pa-

tient's age and changes in IOP at 6 and 12 

months (18). 

In Livny E. et al.'s study, at all-time intervals, 

one week, one month, and three months after 

CXL therapy, IOP readings were substantially 

higher in the treated eye (0.005<p<0.03). This 

study found that the tonopen overestimates IOP 

readings after CXL, most likely due to the 

treated cornea's increased rigidity (19).   

According to the study by Eissa I.M. et al., the 

measured IOP increased significantly at 3, 6, 

and 12 months following CXL (P<0.001), most 

likely due to an increase in corneal stiffness ra-

ther than a true rise in IOP. Additionally, a direct 

relationship between preoperative central cor-

neal thickness and postoperative IOP measures 

was discovered. Nevertheless, there was no cor-

relation between postoperative IOP readings 

and patient gender or age (16). 

The current study has several limitations. Pre-

operative IOP values were not adjusted for cor-

neal thickness, so they may be underestimated, 

although post-operative IOP was corrected us-

ing Sirius topography measurements. CXL 

treatment may have had an unforeseen effect on 
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IOP measurements, or the surgery may have al-

tered aqueous humor dynamics (reducing out-

flow by affecting the trabecular meshwork). 

Other factors, including corticosteroid use and 

patient participation, should also be considered. 

Additionally, this non-comparative study lacked 

a control group. Finally, the study relied on a 

single tonometer (Tonopen), which may be in-

fluenced by corneal biomechanics, limiting the 

generalizability of the IOP findings.  

Conclusion 

In patients with keratoconus, CXL with ribofla-

vin and UVA irradiation resulted in a significant 

increase in intraocular pressure (IOP) as meas-

ured with the Tonopen, even after correcting for 

corneal thickness changes. This finding was 

likely not a true increase but may be attributable 

to increased corneal rigidity. Future research 

should compare IOP measurements obtained 

with different tonometry devices, such as Gold-

mann applanation tonometry or the Ocular Re-

sponse Analyzer (ORA), to validate the find-

ings. Such studies would help determine 

whether observed IOP changes are device-spe-

cific or represent true physiological changes af-

ter CXL. 
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