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REPLACING POLYMERIC CORNEAL RING SEGMENTS WITH ALLOGENIC 
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ЗАМЕНА РОГОВИЧНЫХ СЕГМЕНТОВ ИЗ ПОЛИМЕРНОГО МАТЕРИАЛА 
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Keratoconus is a serious problem for patients, which is accompanied by a decrease in visual functions and the pro-
gression of ectasia. The original bandage therapeutic-optical keratoplasty technique (intracorneal implantation of a wide 
allotransplant formed by femtolaser) allows long-term preservation of high visual function and management of keratectasia 
in a patient with keratoconus and corneal ectasia when routine methods (ICRS, cross-linking) are ineffective. Formation of 
the bandage led to improvement of visual function and cease of ectasia progression.

Keywords: keratoconus, bandage keratoplasty, implantation of intrastromal corneal ring segments, femtosecond laser, 
BTOK

Кератоконус является серьезной проблемой для пациента и сопровождается снижением зрительных функций с 
прогрессированием эктазии роговицы. В клиническом случае представлено применение метода бандажной лечеб-
но-оптической кератопластики по собственной методике (интракорнеальная имплантация фемтосформированного 
широкого аллотрансплантата) у пациента с эктазией роговицы при кератоконусе и несостоятельности рутинных ме-
тодов лечения. Данный подход позволил добиться длительного сохранения высоких зрительных функций и сдержи-
вания кератоэктазии.

Ключевые слова: кератоконус, бандажная лечебно-оптическая кератопластика, имплантация интрастромальных 
роговичных сегментов, фемтосекундный лазер, операция «БЛОК»
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Continuous scientific advancement in the field 
of ophthalmology, especially during the past 
15–20 years, resulted in new possibilities for 

the treatment of keratoconus (the leading cause of 
keratectasia). Progressive by nature, the disease 
can have a significant impact on the visual functions 
and quality of life. Intrastromal keratoplasty, 
including the implantation of intrastromal corneal 
ring segments (ICRS), became a simplified technique 
of keratoconus treatment in recent years [1–4]. The 
surgery allows alteration of the curve of the anterior 
and posterior corneal surfaces, which can have a 
positive effect on its optical properties. However, 
most researchers agree that ICRS does not solve 
the problem of progressive keratoconus [5–8]. For 
instance, when the progression of corneal ectasia 
continues, it is usual practice to attempt to replace 
the existing segments by other segments, different 
characteristics, etc. In this regard, a group of 
researchers working at Research Institute of Eye 
Diseases (Moscow) suggested and then patented a 
new method of intrastromal keratoplasty – bandage 
therapeutic-optical keratoplasty (BTOK) (Russian 
patent 25655485-2014) [9, 10]. The surgery 
technique consists of the intrastromal implantation 
of a specially designed corneal allotransplant with 
original configuration that makes the area of thinning 
significantly thicker and improves optical properties 
of the cornea. The surgery effectively prevents the 
progression of ectasia and enhances visual acuity.

The present study describes a clinical case of replac-
ing polymeric corneal ring segments with ones made of al-
logenic material in-patient with progressing keratoconus.

Clinical observation. Patient M., born in 1978, Diag-
nosis: stage II keratoconus in the right eye; stage III ker-
atoconus in the left eye, condition after implantation of 
corneal segments. 

He sought medical treatment in the Research Insti-
tute of Eye Diseases (Moscow) in 2015. During the initial 
visit, the patient complained about deteriorating vision, 
periodic redness in the left eye that did not occur in the 
early postoperative period. The patient also told about 
having discomfort and parasitic optical phenomena when 
driving his car in the nighttime and looking at sources of 
light. The patient’s history listed keratoconus diagnosed 
in 2009 and implantation of corneal rings in 2010. A ret-
rospective analysis of patient’s medical records helped 
make a detailed comparison of objective keratometric 
data and subjective patient’s experience.

When enrolling in our medical facility, the patient un-
derwent standard ophthalmological examination (biomi-
croscopy, visometry, refractometry and tonometry), as 
well as keratotopography (GALILEI-G6, Ziemer Ophthal-
mic Systems AG) before and after the surgery for evalu-
ation of minimal corneal thickness and mean value of the 
refraction index in the central optical zone of 3 mm.

After considering patients complain and deterioration 
of vision in his left eye, which we regarded as decreasing 

effectiveness of the implanted corneal ring segments, we 
decided to remove the corneal ring segments as the first 
stage of the treatment plan, and after three months he 
had a second stage of punching BTOK.

Removal of corneal ring segments. The patient was 
placed under topical anesthesia; in the projection of the 
small technical «window» of the corneal layer, a diamond 
knife was used to perform a 1–1.5 mm radial cut on the 
cornea to the depth of the rigid element. Then, using a 
special round spatula with a hook-shaped working tip, a 
segment was hooked through that small «window» and 
pulled out from the stroma. The corneal surface and in-
trastromal pocket were then treated with an antimicrobial 
agent.

No complications occurred during the surgery and 
early postoperative period. Instillations of an antimicro-
bial drug were prescribed for seven days after the sur-
gery, as well as a nonsteroidal drug for two weeks and ar-
tificial tear installations for 1–2 months. Two weeks after 
the surgery, a significant decrease of uncorrected visual 
acuity (UCVA) was observed with values similar to retro-
spective data and lasted three months. In the same man-
ner, the corneal index of refraction has increased, while 
minimal pachymetry values have moderately decreased 
when compared with retrospective data.

Analysis of the first stage of the intervention showed 
that from 2010 to 2015, keratoconus has progressed in 
the left eye accompanied by increased ectasia (Fig. 1).

The second stage of the treatment plan (BTOK sur-
gery) was performed three weeks after ICRS removal.

BTOK surgery technique. Looking at corneal topo-
gram, a proposed layout and size of the future «band-
shaped» transplant.

Femtosecond laser (AMO Intralase FS60, USA) was 
used to cut a donor cornea, preserved in the Borze-
nok-Moroz solution, into a layered «band-shaped» 
transplant constituting a 320 µm thick open ring (resem-
bling Landolt ring); the femtosecond laser was following 
the predetermined algorithm to cut the cornea to the 
depth of 290 µm and form a circular lamellar pocket.

BTOK surgery and cutting of the donor cornea were 
performed using femtolaser parameters optimized for 
safety with 1.5 μJ pulse energy, 5.5 μm distance be-
tween the spots, 6.5 μm distance between the concen-
tric circles of the spiral pattern, and 3.0 μm spot diam-
eter.

The sector of keratectasia was marked on the pa-
tient’s cornea with consideration of the area of kerat-
ectasia seen on his keratotopogram. The transplant was 
inserted into the intralamellar pocket of the patient’s 
cornea through a small radial cut in the pocket’s anteri-
or wall. The transplant was then arranged in the projec-
tion of ectasia to correspond to the prepared markings.

During the post-operative period, the patient used 
instillations of a combined drug (antimicrobial and glu-
cocorticoid), and nonsteroidal anti-inflammatory drugs. 
The patient was discharged from the facility on the fifth 
day after the surgery (Fig. 2).
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Fig. 2. Photo of the patient’s left eye five days 
after BTOK surgery. The cornea is an areactive, 

semitransparent optical section

Fig. 1. Keratotopogram of the left eye after ICRS removal.
The steepening of the central ectasia zone has shown

Fig. 3. Keratotopogram of patient’s left eye 2.5 years after BTOK surgery. The thickening 
of the central optical area of the cornea has shown

Dynamic ob-
servation revealed 
that 30 months af-
ter BTOK patient’s 
visual acuity on the 
left eye was 0.66 
(20/30). According 
to keratotopogra-
phy data, mean cor-
neal refraction in the 
3 mm optical zone 
was 44.3 Diopters, 
and minimal pa-
chymetry – 411 μm 
(Fig. 3). Compara-
tive analysis of ke-
ratometric and 
functional data of 
the patient after 
ICRS implantation, 
as well as 6, 12, 24, 
and 30 months after 
BTOK proved that 

mean refraction in the central zone of the cornea after 
BTOK remained stable compared with values after ICRS 
implantation. Visual acuity was also higher after BTOK 
and stable during the whole postoperative period.

Conclusions. The most common method of ICRS im-
plantation in patients with progressing keratoconus has 
initially paid off because it improved optical parameters 
of the cornea resulting in lower astigmatism and hig-
her visual acuity. However, the hopes of stabilizing ec-
tasia with that procedure did not realize, and so corneal 
cross-linking was performed. Some patients with ICRS 
lose the initial effect after several years and require a 
second surgery. The presented clinical case demon-
strates that BTOK surgery can be performed successful-
ly in such patients to improve optical parameters of the 
cornea and increase visual resolution, as well as provide 
required stabilization. Progression of ectasia can be 
halted thanks to the intrastromal transplant of significant 
surface area being carefully placed in the most sensitive 
ectasia zone, which is the main difference between BTOK 
and ICRS implantation. Most importantly, the patient 
receives a lasting quality of live improvement.
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ГОССИПИБОМА ПРАВОГО ГЕМИТОРАКСА У РЕБЕНКА
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Gossypiboma is a rare complication of surgical interventions that can have severe medical and legal consequences. 
We report the clinical case of a boy who was 4 years old and was operated on at 1.5 months old for atrial septal defect and 
partial abnormal drainage of the right pulmonary veins into the right atrium. After 3 years, a mass was found in the projection 
of the basal segments of the right lung. An X-ray showed signs of calcification. Thoracoscopy was performed followed 
by conversion to open surgery and removal of the gossypiboma with a fibrous capsule of 3×3.5×3 cm. An examination  
6 months after surgery showed no complaints, and growth and development were normal according to age. The diagnosis 
of gossypiboma should be included when determining a diagnosis in all cases where there is a history of surgery and non-
specific clinical and diagnostic manifestations.

Keywords: gossypiboma, pleural cavity, cardiac surgery, children

Госсипибома является достаточно редким осложнением после хирургического вмешательства, которое может иметь 
серьезные медицинские и правовые последствия. Приводится клинический случай у ребенка, 4 лет, который был опери-
рован в возрасте 1,5 месяцев по поводу дефекта межпредсердной перегородки и частичного аномального дренажа пра-
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