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and corneal transplants, each depending on the severity of
ectasia and progression.4 Historically about twenty percent
of patients required penetrating keratoplasty due to significant keratoectatic progression.5 The advent of riboflavin
with ultraviolet-A-induced corneal collagen cross linking
(CXL) offered an intervention to decelerate and potentially
halt the progression of keratoconus through photopolymerization of corneal stroma fibers.3,5

ABSTRACT:
Purpose: To evaluate the effect of corneal collagen crosslinking
on measured intraocular pressure with indentation tonometry.
Setting: Department of ophthalmology and visual sciences,
Medical College of Wisconsin, Milwaukee, Wisconsin; Department of ophthalmology, University of Messina, Italy.
Design: Retrospective chart review
Methods: A total of 60 keratoconic eyes who underwent corneal collagen cross linking (CXL) were included. Indentation
(Tonopen) tonometry was used to evaluate intraocular pressure
(IOP) preoperatively and at one, three, and six-month postoperative follow-up visits.

We hypothesized that measured intraocular pressure (IOP)
would increase after CXL secondary to increased corneal
rigidity, as has been previously suggested.6,7 However, of
the few human and animal studies and meta-analyses that
have been conducted on the effects of CXL on measured
IOP, the results have been varied.1,3-8

Results: The average preoperative IOP was 14.1 +/- 2.1. See
Table 1. The average IOP at the 1-month, 3-month, and 6-month
follow-up were 17.1 +/- 2.7, 15.8 +/- 2.3, and 16.8 +/- 1.8
respectively. Relative to the preoperative IOP, the IOP at the
1-month, 3-month, and 6-month follow-up were statistically
higher.

The purpose of this study was to evaluate the measured
IOP in keratoconus patients before and after CXL using
indentation tonometry, specifically by Tonopen.

Conclusion: A statistically significant increase was noted in
measured IOP with a Tonopen after CXL for keratoconus, which
is likely due to an increase in corneal rigidity after CXL.

METHODS
This was a retrospective chart review study of patients
from the Medical College of Wisconsin Froedtert Eye
Institute and the University of Messina Department of
Ophthalmology, who underwent CXL for keratoconus,
according to the Dresden protocol between July 2018 and
May 2019.5 As is standard, only the central 9 mm of the
cornea were exposed to the U/V illumination. Inclusion
criteria included a diagnosis of keratoconus based on
clinical examination and corneal topography, and an age
ranging from 14 to 90 years old. Exclusion criteria included subjects with a history of glaucoma, other corneal
pathology, and a previous history of undergoing CXL.
Data collected included the subject’s age, sex, pre-operative
corneal pachymetry, IOP, and keratometry. IOP was record-

K

eratoconus is a bilateral, asymmetric ectatic disorder of the cornea characterized by progressive
thinning and weakening of the anterior central cornea.1,2 Affecting roughly 1 in 2000 individuals, the typical
onset is in the 2nd decade of life, most commonly presenting as a refractive error with significant astigmatism, and
subsequent corneal steepening with irregular astigmatism
can result in worsening visual acuity.2-4 Progression usually
occurs over the course of 10-15 years, followed by stabilization.2 There are a multitude of treatment modalities
for keratoconus, including spectacle correction, hard and
soft contact lens use, intrastromal corneal ring segments,

Corresponding Author: Stephen C. Kaufman, MD, PhD, 420 Delaware
Street SE. MMC 493, Minneapolis, MN 55455, Email: SCK@umn.edu
Telephone: (612)625-4400.

Author Affiliation: 1Department of Ophthalmology and Visual
Neurosciences, University of Minnesota, Minneapolis, MN USA
2
Department of Ophthalmology, Medical College of Wisconsin,
Milwaukee, WI USA 3Department of Ophthalmology, University of
Messina, Messina Italy

Disclosures: None

International Journal of Eye Banking • vol. 8 no. 2 • September 2020

1

© 2020 Eye Bank Association of America. All rights reserved. ISSN 2161-5546

www.eyebankingjournal.org

• RESEARCH/PROCEEDINGS

Alterations in IOP measurements after CXL

ed with a Tonopen (Reichert Technologies, Buffalo, NY).
Ultrasonic corneal pachymetry measurements were obtained
using a DGH Pachmate 2 Handheld Pachymeter (DGH Technology Inc, Exton, PA). Measurements were obtained in the
central cornea after administration of topical anesthetic drops
(Proparacaine hydrochloride 0.5%) and prior to any contact of the corneal surface with other devices or lenses. The
primary outcomes measured were IOP at the preoperative examination, and postoperative one, three, and six month visits.
Data was collected following the tenants of the Declaration
of Helsinki, was in accord with the Health Insurance Portability and Accountability Act of 1996, and was approved by
the Institutional Review Boards at the Medical College of
Wisconsin and University of Messina.

Figure 1 represents a bar graph with the mean pre-treatment IOP
and the IOP measure after CXL at 1, 3 and 6 months. The IOP after
CXL was significantly higher than the pre-treatment IOP.

DISCUSSION

RESULTS

Our study showed that IOP measurements with indentation
tonometry were elevated following CXL. To the best of
our knowledge, no other study has been published with as
robust a sample size, length of follow-up, and consistency
of modality of measuring IOP following CXL. Since the
advent of CXL, several studies have secondarily assessed
effects on measured IOP, though most have had small sample sizes or inconsistent methods of measuring or tracking
IOP, and the results were varied.1,3,4,6 In Wollensak’s original
2003 study on riboflavin with ultraviolet-A-induced collagen cross linking, he did not find statistically significant
changes in measured IOP with GAT.5

Results are detailed in Table 1. Sixty nine eyes from 69 subjects were identified in the chart review process as having
a clinical diagnosis of progressive keratoconus and having
undergone CXL. Initially, one subject was excluded for
having an IOP measured by Goldmann applanation tonometry (GAT), and two subjects were excluded for not having
available corneal topography data. Four additional subjects
were excluded for having missed post-operative one-month
visits. Six subjects (8.7%) were excluded due to requiring topical steroid drops at one month, which could affect
the IOP measurements. Fifty six of the 60 subjects (93%)
followed up at one month, 38 of 60 subjects (63%) followed
up at three months, and 30 of 60 subjects (50%) followed
up at six months. The average preoperative measured IOP
was 14.1 +/- 2.1. The average measured IOP at the onemonth, three-month, and six-month follow-up were 17.1 +/2.7, 15.8 +/- 2.3, and 16.8 +/- 1.8 respectively (Figure 1).
Relative to the preoperative IOP, the IOP at the one-month,
three-month, and six-month follow-up were statistically
significantly higher, with paired t-test values of <0.001 for
all 3 groups.

We know that the methods with which we measure IOP
have inherent variability.9 An ex vivo study from Zurich,
Switzerland compared measured IOP with GAT, dynamic contour tonometry (DCT), and indentation tonometry
(i.e. Tonopen) with an IOP transducer in an artificial
anterior chamber with 10 ex-vivo corneas before and after
CXL.7 Results of the study showed a statistically significant
increase in measured IOP by all three modalities relative to
the IOP transducer.7 However the study did not utilize keratoconic eyes and were well out of a normal range of expected pachymetry.7 In a rabbit study comparing Tonopen readings to an in vivo IOP transducer in a matched CXL versus
control trial, the cross linked corneas had significantly higher Tonopen-measured IOP compared to both the non-cross
linked corneas and the IOP measured with a transducer in
both sets of eyes.8 However, a study involving 10 non-keratoectatic rabbits found no significant changes in measured
IOP with Tonopen after CXL.10

Table 1 demonstrates the mean IOP, standard deviation and P-value, for the pre CXL IOP compared to the post-CXL measurements
at 1, 3 and 6 months. There was a statistically significant increase
between all post-CXL IOP measurements compared to the pre-CXL
IOP measurement.

There are few in vivo human studies of measured IOP
after CXL. In a large meta-analysis of CXL in keratoconus patients, only ten of the thirty studies reviewed in the
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analysis evaluated measured IOP.1 Three studies took into
account corneal hysteresis and found that the corneal-compensated IOP was increased at one month, five studies
evaluating measured IOP with GAT found increased
measured IOP at twelve months, and two studies found
no effect on measured IOP.1 In a safety and efficacy study
for CXL from Italy, no significant changes in measured
IOP with Tonopen were noted in a group of 10 subjects
at one and three month follow-up.3 Kasumovic et al in
Bosnia found in their study of 30 keratoconic eyes that the
measured IOP with GAT was significantly increased after
CXL, however, they noted significant variability in the
measured IOP with GAT.6 A study by Kyminonis, et al at
the University of Greece also looked at measured IOP after
CXL using GAT.4 In their larger, 55-subject cohort, they
noted a statistically significant increase in measured IOP at
six and twelve months after CXL.4  

In conclusion, this study shows that measured IOP with
indentation tonometry increases following CXL, which
is likely due to increased corneal rigidity, and that
this should be strongly considered in patients with a history of CXL and a new increase in IOP.  
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