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Purpose: To report the intraoperative corneal pachymetry changes during accelerated corneal cross-linking (A-CXL) in pro-
gressive keratoconus patients with thin corneas.

Methods: Thirty-six eyes (mean age, 22.26 ± 4.02 years) with progressive keratoconic thin corneas (<400 µm without epithe-
lium) who underwent A-CXL with ultraviolet (UV)-A (UVA) (9 mW/cm2) using isotonic riboflavin5-phosphate 0.1% with 1.1% 
hydroxypropyl methycellulose (RF-HPMC, MedioCROSS M) were included in this retrospective study. Intraoperative corneal 
pachymetric changes were noted before the procedure, after removal of epithelium, after RF-HPMC instillation, before and 
after UV irradiation. The mean of corneal pachymetric values were compared statistically.

Results: The mean corneal pachymetry reduced from 415.72 ± 29.66 to 369.50 ± 23.45 µm after removal of the epithelium 
(p < 0.05). After the application of RF-HPMC solution the mean thinnest corneal pachymetry (TCP) increased to 412.89 ± 
26.94 µm. Statistically significant increase was observed in TCP after saturation with RF-HPMC (p = 0.001). The mean corneal 
pachymetry before and after UVA irradiation was 419.86 ± 10.41 and 417.47 ± 8.25 µm, respectively (p > 0.05).

Conclusions: Isotonic RF-HPMC lead to a significant increase in intraoperative mean TCP. RF-HPMC seems to be a favorable 
riboflavin option in keratoconus patients with thin corneas. 
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Keratoconus is a degenerative disease that leads to steep 
and irregular astigmatism due to progressive corneal stro-
mal thinning with onset at puberty in most cases [1,2]. Cor-

neal collagen cross-linking (CXL) is the only procedure to 
halt the progression of keratoconus [3]. In conventional 
CXL (C-CXL) procedure, after epithelium removal the 
cornea is saturated with iso-osmolar ribof lavin solution 
with dextran (RF-DX) every 3 minutes for a total of 30 
minutes, followed by 3 mW/cm2 ultraviolet (UV)-A (UVA) 
application for 30 minutes [2,3]. The photo-oxidative reac-
tion formed with combination of RF-DX and UVA creates 
cross-links between the collagen lamellae. These bonds in-
crease corneal resistance [3,4]. In time, the efficacy and 
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safety profile of the accelerated UVA irradiation protocol 
(A-CXL) has also been supported by clinical evidence [5-7].

The studies have shown that C-CXL application should 
not be performed in corneas with a thickness of <400 µm 
(without epithelium); otherwise, the safety of deep eye 
structures, including the endothelium, is at risk [8]. For cor-
neas <400 µm, various alternative methods have been pub-
lished [9]. In one of the alternative treatment protocol, it is 
aimed to swell the corneal thickness to above 400 µm be-
fore UV irradiation by using hypo-osmolar riboflavin (HO-
RF) with RF-DX [10-12]. However, it has been shown that 
iso-osmolar RF-DX has a thinning effect on the cornea 
which is undesirable particularly for thin corneas [13-16]. 
Hence, although initial studies of CXL were performed 
with a riboflavin solution containing dextran, recent proto-
cols for CXL have indicated the use of a riboflavin solution 
containing iso-osmolar hydroxypropyl methylcellulose 
(RF-HPMC) [17,18]. There are several studies showing that 
RF-HPMC has an increasing effect on corneal thickness 
[15,16,18,19]. These studies were not conducted thin cor-
neas. In this study the changes of intraoperative thinnest 
corneal pachymetry (TCP) were evaluated during A-CXL 
protocol in thin keratoconic corneas.

Materials and Methods

The data of patients who underwent A-CXL between 
January 2016 to March 2018 were examined. The patients 
who had TCP of <400 µm after mechanical debridement 
of epithelium during A-CXL were included in this retro-
spective study. The study was approved by the ethics com-
mittee of the Prof. Dr. Cemil Tascioglu Education and Re-
search Hospital under the principles of the Declaration of 
Helsinki (approval number: 200). Informed written consent 
was obtained from each patient before the procedure. The 
exclusion criteria were determined as follows: (1) corneal 
thickness of >400 µm (without epithelium), (2) age <18 
years or >40 years, (3) existence of corneal scars or opaci-
ties, (4) previous corneal or anterior segment surgery, and 
(5) existence of any ocular disease except keratoconus. 

In our clinic, pachymetry guided CXL is carried out on 
those who had thinnest corneal thickness ≤450 µm (deter-
mined by Sirius corneal tomography). In pachymetry guid-
ed CXL; first a corneal marker was used to mark the thin-
nest corneal area, in guidance of the Scheimpf lug 

tomography corneal pachymetry map (Sirius; CSO Inc., 
Firenze, Italy). In pachymetry guided CXL, the all TCP 
measurements were applied by contact ultrasound pa-
chymetry (Pocket II; Quantel Medical, Cedex, France). 
The measurements were taken before the procedure, after 
removal of epithelium, after RF-HPMC instillation, before 
and after UV irradiation. Five measurements had done 
which were required for the device in order to calculate the 
average pachymetry value.  The intraoperative corneal pa-
chymetric changes were evaluated statistically.

Surgical technique 

Corneal cross-linking was performed under topical anes-
thesia with 0.5% proparacaine hydrochloride (Alcaine; Al-
con, Hunenberg, Switzerland) under sterile conditions. Af-
ter a region of the corneal epithelium with a diameter of  
8 mm was removed, cornea was saturated with isotonic 
RF-HPMC solution (riboflavin5-phosphate 0.1% with 1.1% 
hydroxypropyl methycellulose; MedioCROSS M, Medio- 
Haus Medizinprodukte, Kiel, Germany) at every 2 minutes 
for a total of 20 minutes. If TCP reached to a value of ≥400 
µm at this stage, irradiation was started. If TCP was still 
<400 µm, HO-RF (hypo-osmolar riboflavin 310 mosm/L, 
0.9%; MedioCROSS H, Medio-Haus Medizinprodukte) was 
applied at every 20 seconds for 5 minutes for corneal swell-
ing until the TCP value reached ≥400 µm. The cornea was 
then exposed to 370 nm continuous UVA light with the 
A-CXL system (Vario 365; Peschke Meditrade, Hunenberg, 
Switzerland) for 10 minutes at an irradiance level of 9 mW/
cm2. The RF-HPMC solution was applied at every 2 min-
utes during irradiation. The cornea was irrigated with cold 
saline and a bandage contact lens was inserted. 

Statistical analysis

The NCSS  2007 (NCSS, Kaysville, UT, USA) was used 
for statistical analysis. Visual acuity was expressed in log-
MAR notation. Descriptive statistical methods (mean, stan-
dard deviation, median, frequency, percentage, minimum, 
and maximum) were used when evaluating the study data. 
The suitability of quantitative data for normal distribution 
was tested with the Shapiro-Wilk test and graphical exam-
inations. In the group comparisons of quantitative variables 
with normal distribution, repeated measures variance anal-
ysis was used. The Friedman test was used for intragroup 
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comparisons of quantitative variables that did not show 
normal distribution. A dependent group t-test was used for 
intragroup comparisons of quantitative variables with nor-
mal distribution. Wilcoxon signed-rank test was used for 
intragroup comparison of quantitative variables that did 
not show normal distribution. Statistical significance was 
accepted as p < 0.05. 

Results

Thirty-six eyes from 36 patients (19 males, 17 females) 
were included in this study. The mean age was 22.26 ± 4.02 
years (range, 18–36 years). Table 1 and Fig. 1 show the in-
traoperative changes in TCP measurements. The mean 
TCP reduced from 415.72 ± 29.66 to 369.50 ± 23.45 µm af-
ter removal of epithelium. The mean TCP was 412.89 ± 
26.94 µm after RF-HPMC application for 20 minutes. Sta-
tistically significant increase was observed in TCP after 
saturation with RF-HPMC for 20 minutes (mean differ-
ence, 33.39 ± 11.15 µm; p = 0.001). TCP was increased 
above 400 µm with RF-HPMC in 32 of 36 eyes (88.9%). 
The mean TCP before and after UVA irradiation were 
419.86 ± 10.41 and 417.47 ± 8.25 µm, respectively. There 
was no statistically significant difference between mean 
TCP values before and after UVA irradiation (p > 0.05). 
Swelling with HO-RF had to be performed in four patients 
(11.1 %). The mean TCP values for these four cases before 
the procedure, after removal of epithelium, after RF-HP-
MC instillation, before and after UV irradiation were 
397.03 ± 0.2, 357.01 ± 0.1, 390.2 ± 1.1, 412.1 ± 1.3, 413.4 ± 1.2 
µm, respectively. 

Discussion

During the initially defined CXL technique, the corneal 
thickness without epithelium should be at least 400 µm for 
the safety of endothelium and deeper ocular tissues [20]. 
Kymionis et al. [21] have reported significant endothelial 
loss after CXL applications in keratoconus cases with thin 
corneas. However, in many keratoconus patients, the cor-
neal thickness is <400 µm at the time of diagnosis [22]. 
Various alternative methods have been published for  
<400 µm corneas [9]. No standard treatment protocol has 
been delineated. The aim of this study was to evaluate the 

Table 1. Intraoperative thinnest corneal pachymetry measurements (micron)
Variable Median (Q1-Q3) Mean ± standard deviation p-value*

Preoperative 419 (394–434) 415.72 ± 29.66 -
Epi-off 373 (354–388) 369.50 ± 23.45 -
After RF-HPMC 410 (389–421) 412.89 ± 26.94 -
Pre-UVA 417 (410–421) 419.86 ± 10.41 -
Post-UVA 416 (412–423) 417.47 ± 8.25 -
Difference

Epi-off and after RF-HPMC - 33.39 ± 11.15 0.001†

Pre-UVA and post-UVA - -1.39 ± 5.08 0.110‡

Epi-off = after epithelial removal; RF-HPMC = riboflavin with hydroxypropyl methylcellulose; UVA = ultraviolet A.
*Wilcoxon signed ranks test; †p < 0.01; ‡Paired samples test. 
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Fig. 1. Intraoperative thinnest corneal pachymetry (TCP) mea-
surements. SD = standard deviation; Epi-off = after epithelial 
removal; RF-HPMC = riboflavin with hydroxypropyl methylcel-
lulose; UVA = ultraviolet A.
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changes of intraoperative TCP during A-CXL protocol in 
thin keratoconic corneas. 

In conventional cross-linking procedure, iso-osmolar 
RF-DX is used in two stages. The first is the corneal satu-
ration stage as a photosensitizer to induce the crosslinking 
and the second is the UVA irradiation stage to protect the 
underlying tissues from the damage caused by UVA light. 
In a method used in thin corneas, HO-RF is used in addi-
tion to RF-DX to swell the cornea before UVA irradiation 
stage [10-12]. However, various studies have shown the 
corneal thinning effect of RF-DX due to its high oncotic 
pressure [13-16]. This effect is an unfavorable situation 
particularly for thin corneas. There are studies which com-
pared corneal thickness changes using RF-HPMC or RF-
DX [15,16]. These studies reported that although both ribo-
flavin solutions are iso-osmolar, RF-HPMC maintained a 
steady increase in the corneal thickness as opposed to RF-
DX. The rate of increase in corneal thickness has been re-
ported as approximately 10% in most publications (range, 
5%–26%) [15,16,18,19]. It has been shown that RF-HPMC 
creates a thicker preocular film due to its high viscosity, 
compared to RF-DX [23]. This thicker film might influence 
the increase in corneal thickness by preventing evapora-
tion from the cornea. However, Rechichi et al. [24] demon-
strated a reduction in TCP after saturation by RF-HPMC 
solution. But this reducation was not statistically signifi-
cant. However this result may be due to shorter RF-
HMPM saturation phase in their study (10 minutes). There 
is only one study conducted with 14 cases reported no 
change in corneal thickness by RF-HPMC [25]. In our 
study similar to most studies in the literature, we detected 
a mean increase of 33.39 ± 11.15 µm (9.03%) in TCP value 
after iso-osmolar HPMC-RF instillation. The TCP value 
increased to a safe value of 400 µm in 88.9% of the eyes 
(32 / 36) without necessitating swelling of the cornea with 
HO-RF. Therefore, the use of iso-osmolar RF-HPMC for 
the saturation stage in thin corneas led to a reduction in 
the number of corneas requiring swelling with HO-RF be-
fore irradiation. We think that this is an advantage espe-
cially for thin corneas and gives us an opportunity to apply 
cross-linking with a single riboflavin solution. 

At the end of the saturation phase, for the eyes that we 
could not reach to 400 µm with RF-HPMC (4 / 36), we 
used HO-RF to provide corneal swelling until we reached 
to a minimum of 400 µm thickness. Some studies demon-
strated that artificial swelling by HO-RF was transient, 

since they found a reduction in TCP during the irradiation 
phase [11,12,15]. In these studies, a reduction in TCP may 
be the result of RF-DX used in the UV stage, due to its 
high oncotic pressure and thinning effect. We did not find 
statistically significant difference in the mean TCP values 
between pre- and post-UVA irradiation. The use of RF-HP-
MC instead of RF-DX during UVA irradiation may have 
prevented the thinning of TCP and it may have continued 
to maintain the corneal thickness throughout the procedure 
in thin corneas. However, there are studies which used 
RF-HPMC in irradiation stage and they reported an in-
crease in the mean TCP values after UVA irradiation, com-
pared to pre-irradiation [15,18]. But these studies did not in-
clude thin corneas and the measurement had been taken as 
central corneal thickness (CCT), not TCP. 

Hagem et al. [18] compared the intraoperative CCT 
changes between A-CXL (10 minutes) and CXL (30 min-
utes) using RF-HPMC in non-thin corneas and they showed 
increasing in mean CCT after UV irradiation for both of 
the procedure. There was no statistically significant differ-
ence in mean CCT values between the two groups. The 
reason why they did not detect a decrease in corneal pa-
chymetry may be prevention of dehydration by RF-HPMC 
due to its prolonged break-up time. There is no similar 
comparative study with thin corneas. Our findings also 
showed no significant difference in TCP after accelerated 
UV irradiation in thin corneas. 

A limitation of this study was to locate the thinnest point 
on the cornea with assumption under guidance of corneal 
tomography, using corneal thickness map. This may limit 
an objective analysis of the thinnest point of the cornea. 

In conclusion, using iso-osmolar RF-HPMC causes an 
increase in the thinnest corneal thickness after the satura-
tion phase, hence this is offering an advantage to improve 
the safety of the procedure in thin corneas. RF-HPMC 
may also reduce the need of HO-RF in thin corneas. 
Therefore, these results might be beneficial in broadening 
the spectrum of cross-linking indications in patients with 
thin corneas without the need to swell the cornea with 
HO-RF.
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