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Purpose: To compare the corneal clarity measurement between penetrating keratoplasty (PK)
and deep anterior lamellar keratoplasty (DALK) in patients with keratoconus, using densitometry
software for the Oculus Pentacam.

Methods: A retrospective comparative study was carried out at Manchester Royal Eye Hospital.
Data were collected 12—18 months after corneal transplantation for keratoconus, including post-
operative corneal densitometry, best corrected visual acuity (BCVA), central corneal thickness
(CCT), and other relevant clinical details.

Results: Analysis of 37 keratoconus eyes from 36 patients found there was a significantly
higher corneal densitometry measurement after DALK than PK. This was predominantly in
the posterior layer of the concentric zone 0—2 mm of the cornea (P=0.0004). A significant cor-
relation was found between postoperative BCVA and corneal densitometry in DALK groups at
full thickness (P=0.03). This correlation was seen in the central 0-2 mm (P=0.03) and posterior
0-2 mm (P=0.04) zones. In addition, within the DALK group, a correlation was found between
central corneal thickness and densitometry at full thickness 2—-6 mm (P=0.007), central 0-2
(P=0.04), central 2-6 mm (P=0.01), and at posterior 2—6 mm (P=0.01) zones.

Conclusion: This study showed that corneal densitometry measurement differs depending on
the type of corneal transplantation used to treat keratoconus patients. Densitometry may have an
important role to play in the final BCVA achieved by patients undergoing corneal transplanta-
tion for keratoconus. Analysis of Oculus Pentacam images provides an objective evaluation to
monitor the cornea status after the surgery.

Keywords: keratocytes, corneal transplantation, corneal wound healing, keratoconus,
transparency

Introduction

Keratoconus (KCN) is a non-inflammatory ectatic dystrophy characterized by
successive thinning, steepening, and apical conical projection of the cornea. Irregular
astigmatism and myopic changes result in progressive visual impairment, which arises
due to shifts in the shape of the cornea.! In KCN, vision is improved with spectacle
correction and/or soft contact lenses until irregular astigmatism demands the use of
rigid gas permeable (RGB) contact lenses.>? In severe cases, a corneal transplant may
be necessary for visual improvement.*

When a corneal transplant is deemed necessary, a full thickness penetrating ker-
atoplasty (PK)® has historically been the treatment of choice. However, advances in
surgical techniques over the last decade have led to less invasive procedures such as
deep anterior lamellar keratoplasty (DALK) becoming more popular.
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PK involves the complete replacement of the affected
(8-9 mm) cornea with healthy donor corneal tissue. However,
it is now the trend to perform lamellar transplants, aimed
at replacing only abnormal corneal tissue.” DALK is now
used to treat KCN and other diseases that may cause anterior
scarring or ectasia. This procedure involves the replacement
of only the affected corneal stroma and overlying epithe-
lium, thereby preserving the patient’s endothelial layer and
Descemet’s membrane. This established technique confers a
number of advantages. Throughout this surgical procedure,
the eye remains “closed”, reducing the potential risk of
intraocular infection (endophthalmitis) and choroidal hemor-
rhage. As the patient’s own endothelial layer is preserved,
the risk of rejection is significantly reduced.® Structural
integrity is preserved, thereby reducing the risk of traumatic
graft dehiscence.” One concern of this technique, however,
has been the loss of best corrected visual acuity (BCVA),
thought to be due to the interface between the donor and
recipient tissue.'

The healthy cornea does not absorb discernible light, and
the dispersal of light is minimal. Therefore, densitometry
can provide a measurement of the level of the transparency
of the cornea. Densitometry of the whole cornea can be
measured in a single scan using the Pentacam. The stan-
dardization of the density begins from 0 to 100. As a result,
0 implies that the cornea demonstrates no blurring, while 100
signifies that the cornea is totally obscure.!! The Pentacam
(Oculus Inc., Wetzlar, Germany) facilitates assessment of
the whole anterior section from the anterior corneal surface,
through to the surface of the posterior lens by use of a rotary
Scheimpflug camera.'?

Despite the large number of transplants performed for
keratoconus, no corneal densitometry measurements have
been reported. Historically, post-surgery analyses for patients
recovering from corneal grafts are conducted by use of
qualitative analysis of slit-lamp bio microscopy.'**> This is
possibly inadequate, because it appears to differ from visit
to visit and from clinician to clinician.

In this study we have used densitometry to assess and
compare the outcome of both PK and DALK grafts in kera-
toconus patients.

Methods

Participants

This was a retrospective, comparative, and non-randomized
cross-sectional study and was approved by Central Manchester
University Hospitals NHS Foundation Trust, Manchester,
UK and NREC local ethics committee. The research followed

the tenets of the Declaration of Helsinki. Written informed
consent was obtained from the subjects after explanation of
the nature of the study. Patients with keratoconus attending
the Manchester Royal Eye Hospital (MREH) cornea clinic
were selected if they had undergone corneal transplanta-
tion, either DALK or PK. Inclusion criteria for the study
were patients 18 years or above who had a postoperative
follow-up between 12 and18 months where Pentacam images
had been taken.

Clinical notes were examined where relevant informa-
tion, including patient age, gender, corneal disease, date of
surgery, and type of surgery, were recorded for descriptive
data analysis. Postoperative parameters including BCVA in
logMAR, and clinical details were also extracted from the
notes for data analysis.

Surgical technique

The surgical procedures (DALK and PK) were performed
by one of three surgeons, who used the same surgical tech-
nique.” PK was performed with a standard technique using
a Hessburg—Barron trephine (JedMed Instrument Co., St
Louis, MO).'* All DALK procedures were performed using
Anwar’s big-bubble technique,'’!? with the aim to obtain a
type 1 big-bubble.’

In all cases, the graft diameter was between
8.00 and 8.25 mm. Corneal tissue was issued by NHS Blood
and Transplant (UK) services. All tissue met or exceeded the
minimum standard for transplantation to include a minimum
cell count of 2,200 cells/mm? and a central clear cornea of
9.00 mm. All recipients received tissue within a 30 years age
difference. Wherever possible, all sutures had been removed
before the time of imaging and BCVA measurements.

Pentacam imaging

Pentacam images are routinely used clinically to assess
patients undergoing transplant surgery. A new update in
the computer software now allows the corneal clarity to
be measured from the same image across different corneal
zones and layers. Pentcam gives numeric value of the clarity
at anterior, central, posterior, and total depth layers. In addi-
tion, similar numeric values are given by Pentacam at 0-2,
2-6, 610, and 10—12 mm of the concentric corneal zone,
and for the total corneal dimeter.!' The protocol takes 5 min
and is non-invasive. Patients were imaged prior to any other
eye examination or drop administration. A single image of
the cornea was taken at each visit. All images were taken by
a trained member of staff in a darkened room to minimize
the effect of ambient lighting on the corneal measurements.
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All images selected met the quality requirement, as deter-
mined by Pentacam analysis.

Postoperative data of corneal densitometry for all layers
at zones 0—2 mm and 2—-6 mm, in addition to central corneal
thickness (CCT) were retrieved from the Oculus Pentacam
database. The measurements from the Pentacam images were
compared with BCVA and CCT to determine if these quick
and easy measurements could provide additional informa-
tion on the surgical outcome of corneal transplants using
different techniques.

Statistical analysis

Data analyses were performed using IBM SPSS Statistics
for Mac, Version 23.0 (IBM Corp, Armonk, NY), and Graph
pad prism7 for Windows. Descriptive statistics were pre-
sented as the mean * SD. Normality of data was examined
using the Shapiro—Wilk test, which is more appropriate for
small sample sizes (<50 samples). Student’s #-test for two
independent samples was used when parametric analysis
was possible. Pearson correlation (r) was used when look-
ing at the relationship between surgical outcomes of the
study. A P-value of <0.05 was considered to be statistically
significant.

Results

A total of 37 eyes from 36 patients were studied in the kera-
toconus group. The sample characteristics are comparable
between both groups. However, there were more males
than females in this study (14:7 PK and 11:5 DALK). Both
the PK and DALK groups showed good similarity in their
demographic characteristics and demonstrated no statistical
difference in the age of patients (P=0.43) (Table 1). The
mean period of time between surgery and BCVA measure-
ment in this study was comparable, and showed no statistical
significant between both groups (P=0.80). In the PK group,
66% of eyes (n=14) achieved postoperative BCVA of 0.3
LogMAR (6/12) or better, while in the DALK group, 81% of

Table | Mean and SD of age, time of the densitometry, and
BCVA in both PK and DALK

PK,M (SD) DALK, M (SD) P-value
Age 30.14 (9.67) 32.56 (8.73) 0.43
Time of imaging 14.90 (3.59) 14.62 (4.80) 0.84
postsurgery (months)
Time of taking BCVA 13.95 (2.74) 14.87 (4.03) 0.41
postsurgery (months)
BCVA 0.33 (0.21) 0.25 (0.22) 0.28

Table 2 Summary of the postoperative densitometry in the
surrounding 0—-2 and 2—6 mm annulus zone of the cornea

Corneal zones PK, M (SD) DALK, M (SD) P-value
and layers
0-2 mm
Anterior 23.57 (3.69) 24.62 (3.10) 0.36
Central 19.40 (2.02) 20.62 (1.68) 0.07
Posterior 14.60 (1.97) 17.40 (2.40) 0.0004**
Full depth 19.20 (2.20) 20.80 (1.90) 0.02%*
2-6 mm
Anterior 24.83 (4.60) 25.09 (3.30) 0.8
Central 20.19 (3.60) 19.88 (2.07) 0.3
Posterior 14.89 (2.80) 16.08 (3.09) 0.2
Full depth 19.97 (3.56) 20.36 (2.47) 0.7

Note: **Signficant at p<<0.0| and *signfcant at p<<0.05.
Abbreviations: PK, penetrating keratoplasty; DALK, deep anterior lamellar
keratoplasty.

eyes (n=13) achieved postoperative BCVA of 0.3 LogMAR
(6/12) or better.

There was no statistical significance between the mean
period of time between surgery and densitometry measure-
ments between the two groups. Table 1 summarizes the
demographic data. Densitometry measurements were taken
for both the central 02 mm and the surrounding 2—6 mm
concentric zone; results are summarized in Table 2. The
measurements showed that there is a significant statisti-
cal difference between the two groups when the full depth
cornea was examined at 0—2 mm concentric zone (P=0.02).
However, further statistical analysis showed a higher corneal
densitometry measurement in the posterior layer after DALK,
which was statistically significant for the 0-2 mm of the
cornea zone (P=0.0004). There was no statistical difference
in postoperative central corneal thickness between the two
groups (Table 3).

There was a correlation, but it did not reach significance,
between postoperative BCVA and the densitometry mea-
surement after the surgery in the keratoconus group for PK,
except with the posterior layer at zone 2—6 mm of the cornea,
which was statistically significant at P<<0.05 (Figure 1).

In the DALK group, a correlation was shown between
BCVA and the densitometry measurement after the surgery.
These correlations were found at central zone at 0—2 mm
corneal concentric zone. Correlation with BCVA was found
also in the posterior layer of the corneal zone at 0—2 mm

Table 3 Corneal thickness postsurgery in both groups

PK, M (SD) DALK, M (SD) P-value
CCT 541 (32.5) 556 (41.9) 0.20
Thinnest area 513 (50.5) 539 (34.7) 0.07

Abbreviations: BCVA, best corrected visual acuity; PK, penetrating keratoplasty;
DALK, deep anterior lamellar keratoplasty; M, mean.

Abbreviations: PK, penetrating keratoplasty; DALK, deep anterior lamellar
keratoplasty; M, mean; CCT, central corneal thickness.
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Figure | Correlation between BCVA and corneal densitometry in different corneal zones and layers in the PK group (r = correlations coefficient).

Note: *Significant at P<<0.05.
Abbreviations: BCVA, best corrected visual acuity; PK, penetrating keratoplasty.
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and at the full depth of corneal zone at 0-2 mm, P<0.05
(Figure 2).

Central corneal thickness was found to be correlated
with corneal densitometry in the DALK group only. These
correlations were found to take place at full depth 2—6 mm,
posterior 2—6 mm, and at both central 0—2 mm and 2—6 mm,
P<0.05 (Figure 3).

Discussion

DALK is becoming the procedure of choice when corneal
transplantation is needed to treat advanced keratoconus. It has
several advantages compared to PK as it reduces the number
of risk factors related to intraocular surgery, resulting in fewer
allograft rejections and other long-term problems.?

This study has shown that, between 12 and 18 months
after surgery, the mean corneal densitometry for patients with
KCN, having had either PK or DALK, was still higher com-
pared to a normal control value within a matched-age group,
as illustrated by Dhubhghaill et al*' and Alzahrani et al.”?
Atall corneal regions, apart from the central area at 2—6 mm
annulus, the average corneal densitometry was greater in
DALK than PK. This suggests that a greater scattering of
light was provided by DALK as opposed to PK. Variations
in corneal densitometry quantification at the posterior layer
were statistically significant (P<<0.05) in the 0—2 mm cor-
neal zone. This result in the DALK group suggests the host/
donor interface reduces clarity, and could have an effect
on vision.”

The corneal densitometry was quantified using the
manufactures pre-set for the posterior 60 um of the cornea.
In DALK, the quantification of densitometry may be even
higher if the quantification marker has been customized
to concentrate on the host/donor interface of the region.
The same pre-set was applied for all layers, the host/donor
interface morphology, which results in considerably greater
quantification of densitometry in the posterior layer follow-
ing DALK, which is best described by research employing
confocal microscopy. When employing a confocal micro-
scope after DALK, researchers* discovered a keratocyte
configuration that was uneven and minimized as compared
to PK in keratoconus. Several contributory elements were
considered by Feizi et al* to clarify their results, including
mechanical injury of the host and donor sides during surgery,
and transient lack of an endothelium pump, resulting in an
influx of fluid at the interface (Marchini et al).?

A subsequent wound healing response may also cause
undesirable complications like corneal haze, which may
reduce corneal clarity. Remodeling of the extracellular
matrix and repopulation of keratocytes following the surgical

induced injury of DALK can influence the corneal transpar-
ency resulting from reorganization of the corneal fibrils.
Netto et al,”® showed that significant apoptosis has been
detected within 4 h after corneal injury. Following kerato-
cyteapoptosis, the cells undergo secondary necrosis and later
activate other keratocytes at deeper layers of the stroma.
In addition, there is an activation of inflammatory cells to
invade the stromal layer and engulf the resulting dead cells.”’
Keratocytes that die in the anterior stroma are replenished in
just 2—4 days by proliferation and migration of neighboring
keratocytes.?® The proliferation and migration of residually
activated keratocytes begins 12—-24 h after epithelial injury.
These activated cells may start synthesizing matrix metal-
loproteinases for tissue remodeling. The replenishing cells in
the anterior keratocytes are the activated myofibroblast cells
between 1 and 2 weeks postinjury, which produce collagen,
hyaluronic acid, growth factors modulating epithelial healing,
and more.?® The role of myofibroblast cells is very important
in remodeling the extracellular matrix and stroma.

The whole process of keratocytes apoptosis, secondary
necrosis, activation, proliferation, migration, and transfor-
mation regulates corneal wound healing and, consequently,
causes haze formation.” As discussed above, the raised
densitometry quantification in DALK could be the result of
mechanical injury from the surgical technique used within
this study. It would be interesting to contrast the densitom-
etry result in different DALK procedures to include those
performed using Big-Bubble type 1, Big-Bubble type 2, and
manual dissection.

It is debateable if reduced endothelial cell density (ECD)
can also contribute to our results, as the endothelium pump is
crucial for sustaining the transparency of the cornea. It was
established™® that, if there was no perforation of Descement’s
membrane (DM) in surgery, there was considerably less attrition
of endothelial cells following DALK as opposed to PK.!031-32
This raises the question that, as the host’s own endothelium is
maintained by DALK, is the reduction in the transparency of the
cornea in DALK entirely due to the host/donor interface follow-
ing this technique when ECD is higher as opposed to PK.

Our study demonstrated that the average postoperative
BCVA result employing the LogMAR chart in DALK is
better than that of PK,, although this does not reach statistical
significance. This was interesting but unexpected, given the
raised corneal densitometry quantified in the DALK patients.
There are uncertainties surrounding the quality of vision after
DALK. There is conflicting published evidence on BCVA,
with some studies demonstrating similarity between PK and
DALK,* whilst others have reported decreased vision in
eyes after DALK.?3%37 However, a numbers of studies have
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Figure 2 Correlation between BCVA and corneal densitometry in different corneal zones and layers for the DALK groups. (r = correlations coefficient).

Note: *Significant at P<0.05.

Abbreviations: BCVA, best corrected visual acuity; DALK, deep anterior lamellar keratoplasty.
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Note: *Significant at P<<0.05 and **P<<0.01.
Abbreviation: DALK, deep anterior lamellar keratoplasty.
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concluded that DALK provides better BCVA,*3%40 in keep-
ing with our own findings. Researchers have proposed that,
after lamellar graft surgery, unevenness at the host/donor
interface could reduce vision in some eyes.*' The almost
complete exposure of DM by using the big-bubble technique
most likely has a role in the improved postoperative BCVA
in DALK, as opposed to PK.%

The limitation in this study was its retrospective nature
and the relatively small sample size for each group that could
impede statistical analysis, hence a larger sample size would
increase the strength of any further analysis.

In conclusion, this study has found increased densitom-
etry measurements in DALK compared to PK, primarily at
the posterior layer within the 0—2 mm zone. This doesn’t
appear to have an effect on BCVA when compared with
those patients undergoing PK for KCN. We have discussed
anumber of factors which may have contributed to the raised
densitometry result.

This is the first study to demonstrate raised densitom-
etry in patients undergoing DALK and provides further
information on this lamellar technique. In the future,
other forms of corneal imaging to include spectral domain
optical coherence tomography and confocal microscopy
may help provide greater understanding on this important
surgical zone. Corneal densitometry measurements pro-
vided by the Oculus Pentacam provide an objective evalu-
ation to further monitor the treatment outcome of corneal
transplants surgery in KCN. It provides a non-invasive
technique which is safe to use and useful in planning the
management of surgery.
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