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 G Introduction. Until the 2000s, in diseases leading to corneal blindness, it was expediently to per-
form subtotal keratoplasty in order to provide an organ-sparing effect and restore visual functions. Such 
 procedures were not widely spread due to a great number of problems; they were performed with extended 
depressurization of the eye, and had a high risk of intraoperative complications. Nowadays, many oph-
thalmologists face the remote consequences of subtotal keratoplasty. Aim. The purpose is to evaluate 
the transplant after subtotal penetrating keratoplasty (SPK) and visual functions in the remote post-
operative period. Materials© and© methods. We have examined 14 patients (14 eyes), aged from 28 to 
81 years, at 6-10 years after SPK. Visual acuity (VA) testing, autorefractometry and confocal microscopy 
 (Confoscan 4) were performed. Results. According to visual acuity testing results, patients were divided 
into 3 groups: 1st group with high VA (more than 0.2 – in 7.2% of patients), 2nd group with medium VA 
(from 0.2 to 0.005 – in 21.4% of patients), and 3rd – low VA (less than 0.005 – in 71.4% of patients). 
Before the SKP, VA was 0.004-0.7. After the SKP, the indices varied from light sensation with correct 
light projection to 1.0. High rate was in 21.5%, medium – in 35.7%, low in 42.8% of cases. According 
to autorefractometry data, the cylindrical component was in average 6.5 ± 3.0. Most often, astigmatism 
was revealed in the low (up to 3) and high degree (more than 6). According to confocal microscopy data, 
the average density of endothelial cells was 1700 ± 50 cells/mm2. Conclusion.©More than a half of pa-
tients has preserved good visual functions and a transparent transplant at 6-10 years after the SKP, and 
this significantly improves the quality of patients´ life.

 G Keywords: keratoconus; corneal scars; penetrating keratoplasty; corneal dystrophies; corneal endo-
thelial cells
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 G Введение. До 2000-х годов при заболеваниях, ведущих к помутнению роговицы, было признано 
целесообразным выполнение субтотальной кератопластики для обеспечения органосохранного эф-
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фекта и восстановления зрительных функций. Но данный вид операций не был широко распростра-
нен из-за большого количества проблем, таких как длительная разгерметизация глазного яблока 
во время хирургии и высокий риск развития интраоперационных осложнений. В настоящее время 
многие офтальмологи сталкиваются с отдалёнными результатами субтотальной кератопластики.  
Цель работы состоит в том, чтобы оценить состояние трансплантата после субтотальной прони-
кающей кератопластики (СКП) и зрительных функций в отдалённом послеоперационном периоде.  
Материалы©и©методы. Мы исследовали 14 пациентов (14 глаз) в возрасте от 28 до 81 года че-
рез 6–10 лет после СКП. Во время исследования проводились авторефрактометрия, визометрия 
и конфокальная микроскопия (Confoscan 4). Результаты. По результатам определения остроты 
зрения пациенты поделены на группы с высокой остротой зрения (более 0,2), средней (от 0,2 до 
0,005) и низкой (менее 0,005). До СКП острота зрения составила 0,004–0,7. Высокие показатели 
остроты зрения наблюдались у 7,2 % пациентов, средние — у 21,4 %, низкие — у 71,4 %. По-
сле СКП показатели визометрии были от светоощущения с правильной проекцией до 1,0. Высо-
кие показатели остроты зрения зафиксированы у 21,5 % пациентов, средние — у 35,7 %, низ-
кие — у 42,8 %. По данным авторефрактометрии цилиндрический компонент составлял в среднем 
6,5 ± 3,0 Д. Чаще всего астигматизм выявлялся слабой (до 3,0 Д) и высокой степени (более 6,0 Д). 
По данным конфокальной микроскопии средняя плотность эндотелиальных клеток составляла 
1700 ± 50 клеток/мм2. Вывод. Более половины пациентов сохранили хорошие зрительные функ-
ции и прозрачный трансплантат через 6–10 лет после СКП, что значительно улучшило качество 
жизни больных.

 G Ключевые©слова: кератоконус; рубцы роговицы; проникающая кератопластика; дистрофии ро-
говицы; эндотелиальные клетки роговицы.

IntrOduCtIOn
In 2004, the estimated number of people with 

visual impairment and blindness in the Russian 
Federation reached 500,000, with 18% of them 
having corneal disorders [8, 10]. According to the 
WHO, corneal blindness is the third most com-
mon cause of blindness after lens diseases [3]. 
Corneal blindness is a significant social prob-
lem because it affects the working age popula-
tion. Approximately 5.9% of the adult population 
in Russia and 4%–5% of the adult population 
worldwide suffer from corneal blindness; approxi-
mately 9% are disabled because of blindness [9]. 
The most frequent diseases leading to corneal 
blindness include keratoconus (33%–54%), cor-
neal scarring and opacities (21%), corneal ulcers 
(9%), primary and secondary corneal dystrophy 
(6%), and postoperative bullous keratopathy and 
herpetic keratitis (12.3%) [1, 5]. There is an in-
creasing need for rehabilitation of patients with 
end-stage pseudophakic or aphakic bullous kera-
topathy. Until the beginning of the 21st century, 
subtotal penetrating keratoplasty (SPK) was con-
sidered as the most appropriate treatment method 
for the recovery of visual functions in such patients. 
SPK includes simultaneous removal of retrocor-
neal and epilens membranes, separation of the 
anterior and posterior synechiae, and removal of 
cataract [12, 13].

The most common SPK complication in the early 
postoperative period is corneal graft failure caused 
by inflammation, secondary glaucoma, severe xerosis, 
and systemic autoimmune diseases. Several studies 
have demonstrated that graft failure occurs in <10% 
of SPK cases [7, 6, 14].

According to the literature, successful corneal 
engraftment during the first year postoperatively is 
observed in 95% of patients with keratoconus, 82% 
with posttraumatic corneal scarring, 75% with bul-
lous keratopathy, 72% with keratitis, and 11%–38% 
with burn leukomas [4, 12].

High graft survival rates post SPK were observed 
in patients with keratoconus and Fuchs’ corneal dys-
trophy. Patients with aphakia showed low graft sur-
vival rates post SPK [16].

SPK is being widely used globally, and many oph-
thalmologists now have to deal with the long-term 
outcomes of the surgery in their routine clinical prac-
tice.

The aim of this study was to assess the long-term 
outcomes of SPK through the evaluation of visual 
functions and corneal graft transparency.

matErIalS and mEthOdS
We examined 14 patients (14 eyes) who underwent 

SPK 6–10 years ago (2007–2011). The study popu-
lation comprised nine males and five females aged 
26–81 years.
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Disease Number of patients, abs. (%)

Vascularized leukoma 5 (35.7)

Chronic progressive  
keratoconus

4 (28.6)

Acute keratoconus 1 (7.1)

Pseudophakic bullous  
keratopathy

1 (7.1)

Corneal ulcer with perforation 2 (14.4)

Endothelial-epithelial corneal dystrophy 1 (7.1)

Table 1
Patients distribution according to nosological forms

Таблица 1
Распределение больных по нозологическим формам

Table 2
Concomitant ophthalmic pathology

Таблица 2
Сопутствующая офтальмологическая патология

Concomitant ocular pathology Number of patients, abs. (%)

Glaucoma 1

Pseudophakia 1

Aphakia 2

Immature cataract 2

Hemophthalmus 3

Prior to SPK, all patients complained of poor vi-
sion.

The most common indications for SPK were 
stage 3 leukomas (according to the Filatov–Bush-
mich classification) and stage 3–4 keratoconus (ac-
cording to the Amsler classification) (Table 1).

A majority of the patients presented with concomi-
tant ocular pathology that ultimately affected the SPK 
outcomes (Table 2). Some patients simultaneously 
underwent phacoemulsification, anterior vitrectomy, 
or intraocular lens implantation.

rESultS
All patients underwent autorefractometry, visual 

acuity testing, biomicroscopy with a slit lamp, and 
microscopic examination of endothelial cells using a 
confocal microscope Confoscan 4 (Nidek Technolo-
gies, Japan).

Although this microscope allows real-time in vivo 
examination of all corneal layers, the presence of cor-
neal opacity may hamper endothelial cell visualiza-
tion.

The density of epithelial cells in the late postopera-
tive period post SPK varied between 1,492 and 1,942 
cells/mm2, with a mean density of 1,700 cells/mm2. 

It is well-known that the loss of endothelial cells is 
unavoidable in keratoplasty [15, 16]. However, our 
patients suffered only 10%–15% loss of endothelial 
cells during 2–10 years post SPK.

The level of cell pleomorphism varied between 
21.9% and 70%, with a mean value of 34.7%, where-
as the level of polymegethism varied between 21.3% 
and 57.8%, with a mean value of 46.1%.

Table 3 illustrates the outcomes of confocal mi-
croscopy examination of 12 patients; in the remain-
ing two patients, we failed to obtain a reliable vi-
sualization of the endothelial cells. We divided the 
patients into the following three groups based on the 
results of visual acuity testing: patients with high 
(>0.2), medium (0.2–0.005), and low (<0.005) vi-
sual acuity (Table 4). Prior to SPK, visual acuity 
was between 0.004 and 0.7. Post SPK, it varied 
from light perception with correct projection (one 
patient) to 1.0.

The results of visual acuity testing were lower 
than expected, which was associated with the devel-
opment of postoperative astigmatism. Autorefractom-
etry revealed that the mean cylindrical component in 
patients post SPK was 6.5 ± 3.0 D. Approximately 
80% of patients presented with postoperative astig-
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Patient Postoperative period (years)
Density of epithelial 

cells (cells/mm2)
Pleomorphism (%) Polymegethism (%)

1 7 1524 21.9 21.3

2 4 1799 70 28

3 2 1467 26.6 31.2

4 7 1535 35.4 42

5 7 1679 36 44.7

6 6 1905 54 38.3

7 10 1754 31.8 36.1

8 10 1974 27.5 65

9 6 1442 35.7 57.8

10 10 1895 27.3 57.5

11 6 1719 25.6 59.3

12 6 1930 25.0 71.9

Table 3
Endothelial cell density after SPK

Таблица 3
Плотность эндотелиальных клеток (ПЭК) после субтотальной сквозной кератопластики

Table 4
Visual acuity before and after the SPK

Таблица 4
Результаты визометрии до и после субтотальной сквозной кератопластики

Maximum uncorrected visual 
acuity

High (>0.2),  
abs. (%)

Medium (0.2–0.005),  
abs. (%)

Low (<0.005),  
abs. (%)

Prior to SPK 1 (7.2) 3 (21.4) 10 (71.4)

Post SPK 3 (21.5) 5 (35.7) 6 (42.8)

Fig. 1. Confocal microscopy. Endothelial cell density – 
1930 cells per mm2, pleomorphism – 25.0%, poly-
megathism – 71.9%

Рис. 1. Эндотелиальная микроскопия. ПЭК — 1930 кл/мм2, 
плеоморфизм — 25,0 %, полимегатизм — 71,9 %

matism up to 3.0 D or >6.0 D, whereas the remaining 
20% of patients were diagnosed with astigmatism of 
3.0–6.0 D.

In this study, two of the 14 patients (14.3%) were 
found to have nontransparent engraftment upon bio-
microscopic examination. One among them was an 
81-year-old male patient who underwent SPK for 
pseudophakic bullous keratopathy and developed bac-
terial ulcer of the cornea 1 year postoperatively. His 
visual acuity reduced to light perception with correct 
light projection.

The second patient with a nontransparent graft 
was an 81-year-old male who underwent SPK in 
2007. One year postoperatively, he developed herpetic 
keratitis and anterior uveitis. Currently, he has visual 
acuity of light perception with correct light projec-
tion. In both patients, we were unable to evaluate 
the density of epithelial cells because of the opacity 
of the graft.

Nevertheless, a majority of the patients (n = 9) 
had successful corneal engraftment (Figure 2). Fi-
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Fig. 2. Transparent transplant engraftment in a patient operated 
for chronic progressive keratoconus

Рис. 2. Прозрачное приживление трансплантата у пациент-
ки, оперированной по поводу хронического прогрес-
сирующего кератоконуса

Fig. 3. Semi-transparent transplant engraftment in a patient with 
keratitis in the early postope rative period

Рис. 3. Полупрозрачное приживление трансплантата у па-
циента, перенёсшего кератит в раннем после-
операционном периоде

Fig. 4. Semi-transparent transplant engraftment in a patient 
operated for chronic progressive keratoconus

Рис. 4. Полупрозрачное приживление трансплантата у па-
циента, оперированного по поводу хронического 
прогрессирующего кератоконуса

gure 1 demonstrates a microscopic image of the en-
dothelial cells of a transparent graft.

Three patients had nontransparent engraftment 
because of keratitis and eyeball contusions in the 
early postoperative period. Figures 3 and 4 demon-
strate nontransparent engraftment.

Nonetheless, more than 50% of the patients ex-
pressed their satisfaction with the outcomes of SPK 
10 years postoperatively.

dISCuSSIOn
For many decades, SPK has been considered as 

an effective method for the treatment of irrevers-
ible corneal changes. Our results suggest that SPK 
achieves good functional outcomes in more than 50% 
of the patients. We found that the long-term graft 
survival rate post SPK was quite high. In some pa-
tients (42.8%), visual acuity was lower than expected, 
which is associated with the need for additional sur-
gical interventions, graft diseases, or inflammatory 
complications.

In addition, postoperative astigmatism contrib-
utes to decreased visual acuity. Several patients with 

astigmatism, which could not be corrected with eye-
glasses, were recommended excimer laser correction 
or scleral lenses.

The high density of epithelial cells with their 
insignificant loss postoperatively and the moderate 
morphological changes in the corneal epithelium 
10 years post SPK suggest satisfactory graft sur-
vival.

COnCluSIOnS
1. Our findings suggest that visual acuity remains 

satisfactory in more than 50% of the patients 10 
years post SPK.

2. Visual acuity was found to be lower than expected 
in patients with successful corneal engraftment, 
which can be attributed to postoperative astigma-
tism (up to 6.5 D).

3. In addition, the 10-year graft survival rate post 
SPK was 64.3% and a majority of the patients 
showed high density of epithelium (1,700 cells/
mm2).

4. Changes in the graft endothelium depend on the 
concomitant ocular pathology and postoperative 
complications.
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