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Penetrating Keratoplasty: Casablanca Experience —
Five-Year Review

Abstract

Introduction:

Penetrating keratoplasty (PK) is a surgical procedure aimed at replacing the entire thickness
of the patient's cornea with that of a donor. This technique is the oldest and most common for
corneal transplantation. The aim of our study is to report the experience of the adult
ophthalmology services at the 20 August 1953 Hospital in Casablanca, and the
ophthalmology department of the Cheikh Khalifa International University Hospital in
Casablanca (CKIUH) regarding penetrating keratoplasty.

Materials and Methods:

This was a descriptive cross-sectional study conducted within the adult ophthalmology
services of the 20 August 1953 Hospital in Casablanca, and the ophthalmology department
of CKIUH, including patients who underwent penetrating keratoplasty between March 2017
and January 2022.

Results and Discussion:

We collected data from 189 patients, with a mean age of 42.87 years and slight male
predominance. The main indication was advanced keratoconus (46%) followed by bullous
keratopathy (27%). The initial visual acuity was less than 1/10 in almost all cases (88.8%).
Graft rejection was observed in 14.2% of cases, and ocular hypertension and infectious
complications in 4.7% of cases. Final visual acuity was greater than 3/10 (logMAR =0.52) in
65% of cases with a mean astigmatism of 4.75 diopters. Graft rejection is more frequent in
cases of corneal neovascularization, in men, and less frequent in cases of keratoconus. Our
study results are comparable to those in the literature, particularly regarding the indications
and postoperative complications of corneal transplantation.

Regular monitoring is necessary to detect and treat complications, especially
neovascularization, which often precedes graft rejection.

Conclusion:

The results of penetrating keratoplasty remain satisfactory, provided that a precise evaluation
of the surgical indication is performed, accompanied by attentive and regular postoperative
monitoring aimed at optimizing visual prognosis. Currently, the challenge is to explore new
avenues for lamellar keratoplasty and promote organ donation to meet the growing demand
for corneal grafts.

Keywords: Penetrating keratoplasty — Rejection — Cornea — Keratoconus — Bullous
keratopathy.
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Introduction

Corneal blindness accounts for 10% of all
cases of blindness worldwide. It includes
various eye conditions that alter corneal
transparency and lead to blindness(1,2).
Penetrating keratoplasty (PK) is a surgical
procedure that aims to replace the entire
thickness of a patient’s cornea with that of
a donor cornea. This technique is the
oldest and most common for corneal
transplantation, and it continues to hold its
place because of specific indications when
the condition affects the entire thickness of
the cornea, such as in cases of hydrops,
bullous keratopathy, and post-traumatic
and post-infectious opacities(3-5). In
Morocco, corneal transplantation faces
many obstacles, particularly the scarcity of
donations, which leaves our country
lagging in terms of corneal donation and
transplantation(6,7).

The objective of our work was to report
the experience of the adult ophthalmology
departments of the 20 August Hospital in
Casablanca and the Cheikh Khalifa
International University Hospital in
Casablanca (HUICK) regarding
penetrating keratoplasty, while
emphasizing the indications, anatomical
and functional outcomes, as well as the
various complications.

Materials and Methods

This descriptive cross-sectional study was
conducted in the adult ophthalmology
departments of 20 August Hospital and
HUICK.

Between March 2017 and January 2022.

Our study included all patients who
underwent penetrating keratoplasty in the
two departments during this period, except
for those lost to follow-up and incomplete
records.

Data were collected from patient records
using a pre-established data collection
form, entered into Excel, and analyzed
using Jamovi.
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Quantitative variables were expressed as
means and standard deviations, while
gualitative variables were expressed as
frequencies and percentages.

Associations were analyzed using the chi-
square test, Fisher's exact test, and Yates'
correction.

Results

We included 202 transplanted eyes of 189
patients, with a mean age of 42.8 £ 21
years and extremes ranging from 10 to 87
years. There was also a slight male
predominance with a male-to-female ratio
of 1.17.

The main reasons for consultation were
visual disturbances in all patients, followed
by ocular pain and tearing in 26% and
24.8% of patients, respectively.

Regarding ophthalmological history, 44%
of the patients were followed up for
keratoconus, 31.7% had previously
undergone cataract surgery, 11.6% had a
history of ocular trauma, and 11% had a
history of atopy.

Best-corrected visual acuity (BCVA) was
limited to less than 1/10 in 88.8% of cases
and to 1/10 in 11% of cases.

Regarding laterality of the condition,
56.6% of the patients had bilateral corneal
involvement.

The main indication was keratoconus
(Figl) with a percentage of 46%, followed
by bullous keratopathy( (Fig2) at 27%,
post-traumatic corneal scars, corneal
dystrophies, and corneal opacities post-
keratitis.

Fig 1 Stage IV keratoconus complicated by
hydrops.

Submission ID trn:oid:::1:3219575759
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the recipient cornea with 16 interrupted
sutures spaced at approximately 360°
using a 10/0 nylon monofilament (Fig3).
We noted only one intraoperative
complication, bleeding from an adherent
leukoma, which was well-controlled.

»

Fig 2 Optical coherence tomography showing
subepithelial bubbles in pseudophakic bullous
keratopathy.

The other indications were as follows
(Table 1).

Table 1: Distribution by Indication.

Indication Count Percentage

Keratoconus 87 46 % Fig 3 Corneal graft sutured with 16 interrupted

Bullous keratopathy 51 27 % sutures of 10/0 nylon monofilament.

Post-traumatic corneal scar 22 11,6 % i

Corneal dystrophy 19 10 % Early postoperative outcomes were

Corneal opacity post-keratitis 9 4,7 % uncomplicated in 89.4% of the patients.

Keratoplasty failure 1 0,05 % The early postoperative complications
(Table 2) observed included 12% of cases

Total 189 100 % with ocular hypertension, 3.7%, suture

loosening, and delayed re-epithelialization
(2.6%) (Fig 4).

Regarding the origin of the graft, almost all
were imported from American eye banks,
with only four grafts from deceased donors
in a state of brain death, harvested in the
central operating room of CHU Ibn Rochd
in Casablanca.

The average donor age was 34 years.

The average endothelial cell density of the Fig 4 Delayed corneal re-epithelialization (10 days
grafts was 2803 cells/mmz. All procedures after PK).

were performed under general anesthesia.
The procedure was straightforward in 184
cases, while five patients underwent a

Table 2: Distribution of Early Postoperative
Complications.

combined procedure: penetrating Early Postoperative

keratoplasty with extracapsular cataract Complications RIS Rl
extraction (ECCE) and implantation. _

On average, the diameter of the graft Ocular hypertension 23 12,17 %
trephination was 7.56 millimeters, while Suture loosening ! 3,7%

A ' Corneal edema 5 2,6 %
that of the recipient cornea was 7.31 Delayed re-epithelialization 5 2.6 %
millimeters. Iris herniation 1 0,5 %
The most common diameter was 7.25
millimeters in 80.4% of the patients who
received oversized grafts of 0.25 mm. The The medium- and long-term postoperative
majority of grafts (86.2%) were sutured to outcomes were uncomplicated in 75% of

z"j turnitln Page 8 of 19 - Integrity Submission Submission ID trn:oid:::1:3219575759
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the cases. Graft rejection (Fig 5) was
observed in 14.2% of patients, and ocular
hypertension and infectious complications
were noted in 4.7% of patients. Corneal
neovascularization was detected in 1.5%
of the patients (Fig 6).

Fig 5: Endothelial graft rejection in the process of
formation with Khodadoust lines (arrows).
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Fig 6 : Distribution of Medium- and Long-Term
Postoperative Outcomes.

The final BCVA after suture removal was
less than 1/10 in 10.4% of cases and
greater than 3/10 in 65.0% of cases (Fig
7).
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Fig 7: BCVA after PK surgery.

The average astigmatism after suture
removal was 4.75 diopters (Fig 8).
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Fig 8: Postoperative astigmatism evolution.
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Complete suture removal was performed
in 74% of our patients, whereas it was still
ongoing in 26% of our cohort. The average

Absence of Occurrenc P value
rejection e of

Age range rejection
<15 100,0 % 0,0% <0,001
15-30 97,9 % 21%
30-45 96,8 % 32%
45-60 87,1% 12,9%
> 60 64,0 % 36,0 %
Sex
Female 95,8 % 4,2 % 0,001
Male 78,4 % 21,6 %
Indication
Corneal opacity post- 0,004
keratitis 44,4 % 55.6 %

Corneal dystrophy

93,8 % 6,3 %
Keratoconus 93,1 % 6,9 %
Bullous keratopathy
78,4 % 21,6 %
Post-traumatic corneal
=Ea 90,0% 10,0%
Neovascularization
Absent 93,4 % 6,6 % <0,001
Present 53,1 % 46,9 %

time for suture removal was 12.5 +/- 2.36
months, carried out progressively.

Through our analysis of the factors
influencing corneal graft rejection, we
identified several significant associations
with a p-value less than 0.005 (Table 3).

zr'j turnit"’] Page 10 of 19 - Integrity Submission
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Table 3: Association analysis between several
factors and the occurrence of rejection.

First, age played a crucial role: older
patients were found to have a higher risk
of rejection.

Additionally, sex was another important
factor, with men exhibiting a significantly
higher risk than women, showing rejection
rates of 21.6% for men versus 4.2% for
women.

The type of indication also influenced the
outcomes ; patients with corneal
dystrophy, keratoconus, or corneal
opacification had high success rates. In
contrast, those with corneal opacities
resulting from keratitis or bullous
keratopathy had lower success rates.

Finally, we noted that rejection was
significantly more frequent in patients with
corneal neovascularization (Fig 9).

Fig 9: Centrally located corneal opacity with
descemetocele and corneal neovascularization.
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Discussion

The mean age in our series was 42.8
years, which aligns with the findings of the
Chinese study by Qing Pan et al.(8),
where the mean age was 41.5 years, and
the study conducted by Belghmaidi et
al.(9), which reported a mean age of 34
years. These similarities are significant
given that the corneal allocation score
tends to favor younger individuals.

In contrast, the mean ages reported in a
study conducted in Singapore by Donald
et al.(10) and in Philadelphia by Faris et
al.(11) were higher. These discrepancies
can be explained by the predominance of
bullous keratopathy, which results in an
older patient population.

Consistent with our series, a slight male
predominance was observed in most
studies, which may be related to the trend
noted in numerous studies regarding male
predominance in cases of
keratoconus(12).

In our series, keratoconus (Fig10) stands
out was the predominant indication for
penetrating keratoplasty, representing a
prevalence of 46%. These results are
consistent with findings from several
studies, such as those of Zouhair et al.(13)
in the pediatric ophthalmology department
of Casablanca and the study from the
CHU of Marrakech(9), which reported
frequencies of 40% and 33.8%,
respectively.

Page 11 of 19 - Integrity Submission
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Fig 10: Keratoconus stage 1V complicated by
hydrops.

Bullous keratopathy emerged as the
second indication for penetrating
keratoplasty in our series as well as in a
study conducted at the CHU of Marrakech
by Belghmaidi(9), with respective
percentages of 27% and 19.5%.
Interestingly, this condition is the primary
indication in the series by Donald(10) in
Singapore and Faris (11) in Philadelphia.

Traumatic corneal scars (Fig 11) are a
significant indication for corneal grafting,
particularly when they affect the visual
axis. In our series, this indication had a
frequency of 11.6%, consistent with
findings from a study at the CHU of
Marrakech (9)and a study conducted in
Canada by Benson et al.(14), which
reported percentages of 10.7% and 16%
among all indications. This indication is
more prevalent in the study by Zouhair et
al.(13) and Qing et al.(8), showing
respective percentages of 23% and
21.2%, likely related to the younger age of
the patients.

Submission ID trn:oid:::1:3219575759



z'n turnitin Page 12 of 19 - Integrity Submission

Figure 11: Corneal scars following blunt trauma.

A: Para-axial corneal scars with irido-lenticular
synechiae and iris pigments on the anterior lens;
B: Optical coherence imaging showing sequelae of
stromal opacity * with endothelial thickening

Corneal dystrophy (Fig 12) of all types had
a similar prevalence across most studies,
with a percentage of 10% in our series.
This finding is consistent with the results
reported in other surveys, such as 10% by
Benson et al.(14) and 9% by the pediatric
ophthalmology department of
Casablanca(13).

Fig 12: Groenouw's Dystrophy.
A. Appearance before corneal transplantation;
B. Appearance after penetrating keratoplasty.

In our series, only 4.7% of the patients
underwent penetrating keratoplasty due to
sequelae of corneal opacity from an
infection (Fig 13), and none of the patients
received a graft for infectious or
inflammatory keratitis.

In our context, penetrating keratoplasties
are often performed on sequelae of
opacities resulting from infectious keratitis.
This approach is motivated by the scarcity

zl'j ‘turni‘hn Page 12 of 19 - Integrity Submission
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of corneal grafts and the high risk of graft
rejection during active infectious or
inflammatory episodes.

e

Fig 13: Bacterial Corneal Ulcer on Contact Lenses.

A. Initial appearance upon admission;

B. Appearance after 5 days of fortified antibiotic
drops;

C. Appearance after 2 weeks;

D. Sequela opacity with reduced corneal
neovascularization after subconjunctival anti-VEGF
injections.

This observation differs from the findings
in the literature. For example, in a study
conducted in Tunisia by Limaiem et
al.(15), which focused on therapeutic
keratoplasties, 60% of patients underwent
penetrating keratoplasty due to infectious
keratitis.

Table 4 illustrates the differences in the
frequency of various indications according
to several studies (Table 4).

Submission ID trn:oid:::1:3219575759
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Table 4: Comparison of indications for PK among
different series.

Regarding surgical intervention, general Kerato  BUllous CTorf‘:gf‘tic Corneal oggéﬂf,a[')ost_
anesthesia is preferred in keratoplasty OIS fﬁ;ampa SERTS dystrop  keratitis
because it is an open surgery that carries hy
the risk of expulsive hemorrhage(5,16). In —
our survey, almost all grafts (97,8%) were et al 23%  11% 16% 10% 9%
imported from American eyebanks. In :
contrast, a Tunisian study by Liamiam(15) ztc’:lha" 40%  16% 23% 9% 20%
reported that all grafts came from the eye
bank in Tunis. In an investigation Siz'iggzt R P PR
conducted at CHU Mohammed VI in I R o o e
Marrakech, 20% of grafts were harvested :
IocaIIy(9). 8;':199t 13,8%  10,8% 21,2% 8,9% 35,9%
In our study, the disparity between the a
graft trephination diameter and cornea Limaie
was established at 0.25 mm. These results o e - e - che
align with those of Zouhair et al.(13) and
Donald et al.(10), demonstrating a 0.25 Rahma
mm oversizing of the graft trephination nietal yi0  21% - 14% 9%
diameter compared with the cornea. In
contrast, studies by Nurézler et al. in
Turkey(17) and Qing Pan in China(8) Donald
indicated larger graft diameters, with Tetal /% 234% 73% e
average sizes of 8 mm and 7.77 mm,
respectively.

FASR = 160 306% 6% 11,8%  67%
In our series, the graft was sutured using sl ’ ' '
14 to 16 separate radial sutures with a our
nylon monofilament 10/0 (Fig14), which Study 0% 2% 11,6% 10% 4.7%

was observed in 87.8% of our patients.
This approach was adopted in accordance
with several studies in the literature
because of the lower risk of suture
loosening compared with continuous
suturing and the ability to manage
astigmatism early by adjusting individual
sutures(9,13,18).

Fig 14: Postoperative appearance at 6 months of a
graft sutured with separate sutures using a 10/0
monofilament. Visual acuity: 5/10.

In our study, 65% of the patients had a
corrected visual acuity greater than 3/10.
Consistent with the literature, functional

z'l—.l turnltln Page 13 of 19 - Integrity Submission Submission ID trn:oid:::1:3219575759
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outcomes were generally favorable in
cases of keratoconus associated with

Average astigmatism

Submission ID trn:oid:::1:3219575759

Table 6 : Comparison of postoperative astigmatism.

Year of . . .
Authors study | CoUNty/City ?ger ?utU)re removal The early postoperative period allows for
lopters . . .
P the early adjustment of sutures using a slit
Deshmukh o ] Iamp, followed by the possibility of
Retal ndia adjusting separate sutures after six
months of healing by removing those in
Souhair Y et Crsslafes the most curved axes according to
al 2018 pegiatric AL, topography. Complete suture removal may
Oppliizt el be considered from the 12th month
idi ostoperatively, with earlier options for
e 2016 Marrakech 4,25 P . P y P .
S children (6 months) and young children (3
months)(5).
’;"’arez Je 5003 spain 4,05 +2.29
In line with the literature, the average time
Ourstudy 2022  Casablanca  4,75%0,9 for suture removal in our series was 12.5 +

Fuchs' dystrophy, whereas less positive
results were observed in cases of bullous
keratopathy, infectious sequelae, and post-
traumatic corneal scars. The visual gain
achieved is closely dependent on the

2.36 months, consistent with the study by
Belghmaidi S in Marrakech(9), where
complete suture removal was performed at
an average of 13 months postoperative.

In cases of keratoconus or abnormal
healing, delayed suture removal beyond

correction of the sphere and postoperative

. . 18 months is recommended. Well-
astigmatism(19,20).

tolerated sutures may be entirely or

Overall, the results following penetrating partially preserved Visual rehabilitation

keratoplasty are encouraging, with a visual Studies BCVA
acuity exceeding 1/10 observed in 89.6%
of the cases in our series. These results Zouhair Y et al 110 1/10-3/10 3/10
are comparable to those reported by 2018 Pediatric
Zouhair Y(13), Belghmaidi S(9), and Qing céphtabllmmogy e 2% —
Pan(8), who recorded percentages of a=dnanta
80%, 90%, and 69.5%, respe_ctlvgly (Table Belghmaidi S et al 1/10 1/10-5/10 5/10
5). In contrast, the study by Limaiem 2016 Marrakech
. . . 0, 0, 0,
R(15), which primarily focused on hot 016 Marraiec 10% 19% 1%
keratoplasties, recorded a percentage of Qing Pan et al 1/10 1/10-5/10 5/10
25.7% for visual acuity greater than 1/10, 2012 Chi
. . . . Ina 0, 0, 0,
indicating more favorable results in the 30,50%  34,50% 35%
absence of corneal perforation. Limaiem R et al 1/10 1/10
Table 5: Comparison of best-corrected visual acuity. 2009 Tunisia 74.30% 25 70%
Rahman | et al 5/10 5/10
The average astigmatism after suture 2009 United Kingdom 504 48%
removal in our series was 4.75 diopters, a
. . 1/10 1/10-3/10 3/10
Yalue similar to. t.hat reported in the . Our Study
literature, specifically 4.05, 4.25, and 5 in 10,4% 24,6 % 65,0 %

the studies by Alvarez in Spain(21),
Belghmaidi S in Marrakech(9), and
Deshmukh in India(22), respectively (Table
6).

involves addressing sutures beforehand
and may be extended to other
interventions depending on the context,

Page 14 of 19 - Integrity Submission Submission ID trn:oid:::1:3219575759
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such as fitting rigid contact lenses or
scleral glasses, refractive compressive
sutures, relaxing incisions, or even
refractive surgery of the graft through
photorefractive keratectomy or LASIK(5).

The decision to maintain long-term sutures
or to completely remove them after a
corneal graft can be delicate. Sometimes,
even several years post-graft, the removal
of all sutures can lead to a significant
increase in postoperative astigmatism,
especially if it is initially moderate.
Conversely, when the scar shows well-
established neovascularization, it is
generally stable and astigmatism is less
likely to change after suture removal. In
such cases, it is imperative to remove the
sutures regardless of the postoperative
timeframe to prevent potential
complications such as graft rejection(23).

Regarding postoperative complications, in
our series, graft rejection was observed in
14.2% of the cases, which aligns with the
percentage of 13.81% found in the study
by Zouhair et al. These percentages
remain relatively modest compared with
the prevalence reported by Qing Pan
(32.5%) and Donald (29.15%) (Table 7).
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Table 7: Prevalence of graft rejection occurrence
(%).

Year of Prevalence of graft

Authors Country/City rejection occurrence
study
(%)
Pediatric
Zouhair Yetal 2018  Ophtalmology ;5 g9
Casablanca
Belghmaidi S et al 2016 Marrakech 9,74
Qing Pan et al 2012 China 32,5
Limaiem R et al 2009 Tunisia 20
Rahman | et al 2009 United 21
Kingdom
Donald T et al 2008 Singapore 29,15
Our study 2022 Casablanca 14,2

Ocular hypertension, observed in 12.17%
of our patients, represents the second
leading cause of failure in penetrating
keratoplasties. Karadag et al.(24)
demonstrated that the incidence of ocular
hypertension after keratoplasty is
significantly higher in glaucomatous
patients.

Infectious complications in our study were
relatively limited at 4.7%, which is
comparable to that reported in the study
by Khattak et al.(25) in Saudi Arabia (3%)
and the study by Qing Pan(8) (3.5%). This
low frequency was attributed to good
patient management, awareness, and
follow-up.

These infections may originate from the
pathogens transmitted by the graft. It is
crucial to note that the risk of
endophthalmitis increases approximately
20-fold when the graft is not sterile.
Currently, only organ culture provides
assurance of graft sterility with a reliability
of approximately 99%. Additionally, the
pathogen may be transmitted by the
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implant or originate from the conjunctival
and palpebral flora of the patient (23).

Endophthalmitis is a rare complication of
penetrating keratoplasty with an incidence
of approximately 0.5%. It most frequently
occurs within 72 h following the procedure,
and donor contamination is identified in
50% of cases. Herpetic keratitis on the
graft often corresponds to recurrence of
the initial pathology; however, it can also
occur in patients who have never had
herpetic keratitis and were grafted for
another condition (Fig 15) (26,27).

different studies.

of PK with the literature.

Infectious

Ocular S
. complication
hypertension s

Fig 15: Herpetic keratitis presenting as geograf[zguhair Y.

map-like patterns on a penetrating keratoplasty et al 13,81%

7,89%
Secondary endothelial decompensatiolKhattak A
presented as chronic edema in 2.6% o€tal

our patients, which aligns with the resuggigpma;
of the study by Limaiem et al.(15), whcdi s et al
reported 2.8%. However, this complica

was more frequent in the series by Khe 219 Fan
et al., with a rate of 8.1% compared wi
5.6% for Deep Anterior Lamellar
Keratoplasty (DALK). These results
highlight the more satisfactory
performance of DALK compared to
PK(25).

8.1% 3% 8,1%

16,9% 0%

17,7% 3,5%

Limaiem 11,4%

0,
R et al )

2,8%

Rahman | 18%

8%
Neovascularization of the graft (Fig 16’ =

a significant cause of corneal graft Donald T
rejection. In our study, this complicatio &2
was observed in 18.9% of our patients
with percentages ranging from 14.1% t
31%, according to literature
data(10,13,25). The management of
corneal neovascularization in our facility
relies on the administration of anti-VEGF
agents via subconjunctival injection.

11,53% 11,86%

Our study 12,17% 4,7% 2,6%

Conclusion
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Fig 16: Corneal graft neovascularization.

The following table summarizes the
various complications compared with

Neo

21,7%

14,1%

31%

18,9%
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Table 8: Comparison of postoperative complications
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In summary, penetrating keratoplasty is a
commonly used technique for corneal
grafts in Morocco, yielding favorable
results when surgical indications are
carefully evaluated, therapeutic
precautions against rejection are
implemented, and regular follow-up is
conducted to promptly address
complications. Despite its low cost, the
number of grafts remains inadequate,
highlighting the urgent need for public
awareness regarding organ donation,
especially for corneal transplants.

The Moroccan Ministry of Health's initiative
to promote corneal grafts aims to create a
tissue bank, import grafts, and establish
best practices with a goal of 1,000 grafts
per year. This holistic approach considers
various medical, legislative, and ethical
aspects, and relies on active public
collaboration for success.

Additionally, while penetrating keratoplasty
is crucial, other lamellar techniques are
available, each with unique benefits and
challenges. The choice of the graft method
should be tailored to individual cases,
emphasizing the need for a personalized
approach in corneal transplantation.
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