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Study carried out in Assis Gurgacz University Center and in the Eye Bank of Cascavel County.

AbstrAct

Objective: To analyze the endothelial density of corneas donated for transplant in different age groups. Methods: The study evaluated 
244 corneas from 122 male and female donors in Cascavel Eye Bank - PR from the analysis of medical records containing specular 
microscopy of the donors. Results: Most corneal donors were male (67.2%). The average donors age was 53.8 years, ranging from 5 to 
70 years. The age group of 61 - 70 years with the largest number of donations, corresponding to almost 41% and the average endothelial 
density was 2645 cells / mm² (ranging from 1897 to 4201 cells / mm²). In the first decade of life, mean endothelial density was 2923 cells 
mm²; in the second decade 2757 cells / mm²; in the third 2846 cells / mm²; in the fourth 2627 cells / mm²; in the fifth decade, 2830 cells / 
mm²; on the sixth 2605 cells / mm² and on the seventh decade of life 2570 cells / mm².Conclusion: This study demonstrated that the mean 
endothelial density of corneas donated for transplant of the first decade of life (2923 cells / mm²) when compared to the seventh decade 
alone (2570 cells / mm²) was reduced. In the evaluation from the second to the sixth decade, there was no pattern, sometimes there was 
an increase, sometimes a decrease in the average endothelial density.
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Resumo

Objetivo: Analisar a densidade endotelial das córneas doadas para transplante nas diferentes faixas etárias.  Métodos: O estudo ava-
liou 244 córneas de 122 doadores de ambos os sexos no Banco de Olhos de Cascavel- PR a partir da análise de prontuários médicos 
contendo a microscopia especular dos doadores. Resultados: A maioria dos doadores de córnea era do sexo masculino (67,2%). A 
idade média dos doadores foi 53,8 anos com variações entre 5 e 70 anos. A faixa etária dos 61-70 anos com o maior número de doa-
ções, correspondendo a quase 41% e a densidade média endotelial foi de 2645 células/mm² (variando de 1897 a 4201 células/mm²). 
Na primeira década de vida, a densidade endotelial média foi 2923 células/mm²; na segunda década 2757 células/mm²; na terceira 
2846 células/mm²; na quarta  2627 células/mm²; na quinta década,  2830 células/mm²; na sexta 2605 células/mm² e na sétima década de 
vida 2570 células/mm². Conclusão: Este estudo demonstrou que a densidade endotelial média das córneas doadas para transplante na 
primeira década de vida (2923 células/mm²) quando comparada isoladamente à sétima década (2570 células/mm²) teve redução. Já na 
avaliação da segunda até a sexta década não houve um padrão, ora havendo acréscimo, ora decréscimo da densidade endotelial média.
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IntRoductIon 

The corneal endothelium is assessed and investigated 
by the Ophthalmology field, mainly through specular 
microscopy. (1) This tissue is formed by the simple squa-

mous epithelium and covers the inner surface of the cornea.(2) 
The endothelium has a single layer of interdigitated cells, which 
are arranged in mosaic pattern and present hexagonal and regular 
shapes. (3) Endothelial cells fix through occlusion zones and have 
several mitochondria. They use ATP-powered pumps to withdraw 
water towards the aqueous humor in order to maintain constant 
hydration in the corneal stroma (2). Corneal transparency is main-
tained by the ion pump in the endothelium, which accounts for 
stromal deturgescence and dehydration. (4) The hypothetical lack 
of this transport mechanism could lead to stromal edema and 
result in low vision acuity. (5) 

The endothelium is formed by a monolayer comprising 400,000 
cells, which rest on the posterior limiting lamina of the cornea. (6) In-
dividuals’ endothelial density ranges from 3,500 mm2 to 4,000 mm2 
cells at birth; it decreases after adolescence and presents standard 
density ranging from 1,400 mm2 to 2,500 cells mm2 in adulthood. (7) 

Thus, the aim of the current study was to assess the endo-
thelial density of corneas removed from corpses belonging to 
different age groups - from the first to the seventh decade of life 
– that were donated for transplantation. 

methods

Observational, retrospective and descriptive study carried 
out in the Eye Bank of Cascavel County, Paraná State, based on 
the analysis of medical records reporting the specular microscopy 
of donated corneas. 

The Eye Bank of Cascavel County accepts corneas from 
donors in the age group 4-70 years. The current study adopted 
the manual cell labeling technique and used Kodo equipment to 
analyze the corneal tissue. 

Corneas collected for donation at the Eye Bank of Cascavel 
County from April to July 2018 were included in the study; no 
exclusion criteria were applied to the investigated sample. 

The current research involved human beings; thus, it 
followed Resolution 466/12 set by the National Health Council. 
The study was approved by the Research Ethics Committee of the 
University Center of Assis Gurgacz Foundation, under Opinion 
n. 15792319.0.0000.5219. Researchers requested exemption from 
the Informed Consent Form (ICF). 

Result

Optisol was the preservation medium used in all corneas 
and the specular microscopy evaluation was carried out after 

twelve hours of tissue preservation; the mean time between 
corneal enucleation and preservation was 5.15 hours (standard 
deviation = 3.48). 

The total number of donors recorded from April to July 
2018 was 122; thus, totaling 244 donated corneas. Eighty-two (82) 
donors were men (67.2% of total donations) and forty (40) were 
women (32.8% of total donations), as shown in Figure 1. 

Donors’ age ranged from 5 to 70 years; their mean age was 
53.8 years. Mean endothelial density was 2,645 cells/mm², its lower 
limit was 1,897 cells/mm² and the upper limit was 4,201 cells/mm². 

Table 1 shows endothelial density values based on donors’ 
decade of life - information comprise mean endothelial density, its 
upper and lower limits, as well as the standard deviation of each 
decade of life. Mean endothelial density recorded for donors in 
the first age group (up to 10 years old) was 2,923 cells/mm², its 
upper limit was 3,267 cells/mm² and the lower limit was 2,551 cells/
mm²; Mean endothelial density recorded for the second age group 
(from 11 to 20 years old) was 2,757 cells/mm², its upper limit was 
3,184 cells/mm² and the lower limit was cells/mm²; the third age 
group (from 21 to 30 years old) recorded mean endothelial density 
equal to 2,846 cells/mm², its upper limit was 3,636 cells/mm² and 
the lower limit was 1,901 cells/mm². The fourth age group (from 
31 to 40 years old) recorded mean endothelial density equal to 
2,627 cells/mm², its upper limit was 3,202 cells/mm² and the lower 

Figure 1. Corneal donors per sex

Figure 2. Number of donors per age group

Table 1
Endothelial density - in mm² - per decade of life

 1st 2nd 3rd 4th 5th 6th 7th

Mean 2,923 2,757 2,846 2,627 2,830 2,605 2,570
 (±481.53) (±652.65) (±219.91) (±122.32) (±909.33) (±465.27) (±176.06)
Upper limit 3,267 3,184 3,636 3,202 4,201 3,333 4,102
Lower limit 2,551 2,192 1,901 2,004 2,257 1,897 1,897
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limit was 2,004 cells/mm². Mean endothelial density recorded for 
the fifth age group (from 41 to 50 years old) was 2,830 cells/mm², 
its upper limit was 4,201 cells/mm² and the lower limit was 2,257 
cells/mm²; the sixth age group (from 51 to 60 years old) recorded 
mean endothelial density equal to 2,605 cells/mm², its upper limit 
was 3,333 cells/mm² and the lower limit was 1,897 cells/mm², and 
the seventh age group (from 61 to 70 years old) recorded mean 
endothelial density equal to 2,570 cells/mm², its upper limit was 
4,102 cells/mm² and the lower limit was 1,897 cells/mm². 

dIscussIon

Most donors (67.2%) in the current study were men; this 
finding was in compliance with the literature; (8-10) moreover, this 
percentage can change depending on the study.  

 The mean age of donors at Hospital de Olhos de Cascavel 
(Cascavel Eye Hospital) was 53.8 years; it was close to the one 
observed in a study carried out at Santa Casa Hospital of São 
Paulo, wherein donors’ mean age was 55.57 years (8), as well as to 
the mean age observed in a University Eye Bank (52.85 years). (9) 

The upper age limit in the current study was 70 years - 
younger than the that observed in other studies whose upper age 
limits were 97 (8) and 80 years. (10) The lower age limit observed 
in the survey was 5 years, although the literature also reports 
9-month-old donors. (8) It is worth emphasizing that the standard 
for corneal donations in Cascavel Eye Bank comprises donors in 
the age group 4-to-70 years.

The number of donors has gradually increased as their age 
advanced. The seventh age group (from 61 to 70 years old) accou-
nted for most donations (40.98%), whereas the first age group (up 
to 10 years old) accounted for only 1.63% of donations - this age 
group recorded the smallest number of donations. 

Endothelial density, which refers to the number of endo-
thelial cells per millimeter, was also analyzed in the current study; 
this parameter plays an essential role in the clinical evaluation 
of corneas because it determines corneal function and ability to 
respond to stress. (5) The mean donor endothelial density observed 
in Cascavel Eye Bank was 2,645 cells/mm². This number was close 
to the one recorded for living Egyptian (11) and Indian (12) patients, 
who presented endothelial density equal to 2,647 cells/mm² and 
2,525 cells/mm², respectively. Other studies have also recorded 
similar mean donor endothelial density for a healthy Caucasian 
population (2,732 cells/mm²) (13) and for Filipino patients (2,798 
cells/mm²). (14) 

 According to some authors, the endothelium does not have 
the ability to regenerate (2). Thus, as the cornea cannot undergo 
mitosis, the number of cells in it decreases due to several factors, 
such as aging. (5) However, new research (15) has observed increased 
endothelial density in living patients 24 weeks after the injection 
of corneal endothelial cells supplemented with ROCK inhibitor 
(rho-associated protein kinase); this outcome may indicate the 
regeneration ability of the endothelium. 

According to the literature, endothelial density gradually 
decreases from individuals’ birth to death, and it leads to the 
emergence of areas lacking cells in the central corneal region. (16,17) 
The first age group (up to 10 years old) analyzed in the current 
study recorded the highest endothelial density (2,923 cells/mm²); 
however, this number should be interpreted with caution, since 
this age group only comprised two donors. The second age group 
(from 11 to 20 years old) recorded endothelial density decrease 
by 166 cells/mm² in comparison to the first age group; however, 
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the number of donors in this age group was larger (four donors). 
The third age group (from 21 to 30 years old) recorded smaller 
endothelial density increase (89 cells/mm²) than the previous 
age group. In addition, it presented five donors, one more than 
the second age group. The fourth age group (from 31 to 40 years 
old) comprised eight donors and recorded endothelial density 
equal to 2,627 cells/mm²; the number of endothelial cells in this 
age group decreased by more than 200 cells/mm² in comparison 
to the previous age group. 

Endothelial density has increased from the fourth (from 31 
to 40 years old) to the fifth (from 41 to 50 years old) age group. 
This outcome may be associated with donors’ cause of death, 
which was not evaluated in the current study, as well as with the 
difference in the number of donors between these age groups; 
the fourth age group recorded eight donors, whereas the fifth age 
group recorded eighteen donors – this number was more reliable 
than the one recorded for the fourth age group. 

In addition, there was significant decrease in endothelial 
cell density from the fifth age group (from 41 to 50 years old) 
onwards. This age group recorded endothelial cell density equal 
to 2,830 cells/mm², the sixth age group (from 51 to 60 years old) 
recorded 2,605 cells/mm² and the seventh age group (from 61 to 
70 years old), 2,570 cells/mm². This outcome can be explained by 
the fact that, besides age, trauma, inflammation and other diseases 
can decrease the number of endothelial cells (18), as well as that 
some pathologies are more prevalent from this age group onwards. 

A Brazilian study (19) has conducted specular microscopy in 
vivo in 784 corneas in order to analyze the endothelial density of 
patients throughout life. Results have shown decreased endothe-
lial density over the years. Numbers observed from the first to the 
seventh 10-year-based age group were 3,156 cells/mm², 3,027 cells/
mm², 2,834 cells/mm², 2,737 cells/mm², 2,576 cells/mm², 2,344 cells/
mm² and 2,280 cells/mm², respectively. Based on the comparison 
of the Brazilian study (19) to the current one - which evaluated 
the endothelial density in dead donors - the mean endothelial 
density in living patients was higher than that of dead donors in 
the first (up to 10 years old), second (from 11 to 20 years old) and 
fourth (from 31 to 40 years old) age groups. Endothelial density 
values recorded for donors in the third (from 21 to 30 years old), 
fifth (from 41 to 50 years old), sixth (from 51 to 60 years old) and 
seventh (from 61 to 70 years old) age groups stood out.

The literature lacks studies focused on investigating the 
endothelial density of corneal donors. The studies available were 
conducted with living patients, a fact that hinders the discussion 
about and comparison of data to other scientific studies. 

It is necessary giving greater relevance to research about 
endothelial density, since it is a valuable parameter used to assess 
the long-term survival of corneal grafts. (20) 

conclusIon

There was significant decrease in endothelial density from 
the first (up to 10 years old) to the seventh (from 61 to 70 years 
old) age group, when they were compared in separate. However, 
endothelial density values recorded from the second (from 11 
to 20 years old) to the sixth (from 51 to 60 years old) age group 
were not linear; sometimes they decreased in comparison to the 
previous age group, sometimes they increased in comparison 
to it. It is important emphasizing that the lack of difference in 
endothelial density between the second (from 11 to 20 years 
old) and the sixth (from 51 to 60 years old) age group may be 
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explained by sample size, since some age groups presented very 
small number of donors. 

acknowledgement

The authors are grateful to the Eye Hospital and Eye Bank 
of Cascavel County for enabling data collection and to ophthal-
mologist Roberto Augusto Fernandes Machado for guiding this 
research. 

RefeRences

1.  Maurice DM. Cellular membrane activity in the corneal endothelium 
of the intact eye. Experientia. 1968 ;24(11):1094–5.

2.  Lima Filho AA. Bases da Oftalmologia. 2a ed.  Rio de Janeiro: Gua-
nabara Koogan; 2013. Vol.1 [Série Oftalmologia Brasileira].

3.  Moreira H, De SousaLB,  Sato EH,  Faria MA. Banco de Olhos, 
Transplante de Córnea.3a ed. Rio de Janeiro: Guanabara Koogan; 
2013. [Série Oftalmologia Brasileira].

4.  Georgiadis NS, Ziakas NG, Boboridis KG, Terzidou C, Mikropoulos 
DG. Cryopreserved amniotic membrane transplantation for the ma-
nagement of symptomatic bullous keratopathy. Clin Exp Ophthalmol. 
2008 Mar;36(2):130-5..

5.  EWETE. Temitope; ANI, Efeoghene Uchenna; ALABI, Adegboyega 
Sunday. Normal corneal endothelial cell density in Nigerians. Clin 
Ophthalmol. 2016;10:497.

6.  Dantas AM. Essencial em Oftalmologia. Rio de Janeiro: Cultura 
Médica: Guanabara Koogan, 2011.

7.  Riordan-Eva  P,  Whitcher JP.  Oftalmologia geral de Vaughan & 
Asbury. 17th ed. Porto Alegre: AMGH; 2011.

8.  Sano RY, Sano FT, Dantas MC, Lui AC, Sano ME, Lui  Neto A. 
Análise das córneas do Banco de Olhos da Santa Casa de São Paulo 
utilizadas em transplantes. Arq Bras Oftalmol. 2010;73(3):254-8.

9.  Zantut F, Holzchuh R, Boni RC, Mackus EC, Zantut PR, Nakano C, 
Netto AL, Hida RY. Análise da qualidade das córneas doadas e do 
intervalo entre óbito, enucleação e preservação após a implantação de 
novas normas técnicas e sanitárias em Banco de Olhos Universitário.
Arq Bras Oftalmol. 2012;75(6):398-401.

10.  Santos NC, Bezerra VL, Melo EC.   Characteristics of corneal dona-
tions in state of Piauí. Rev Bras Oftalmol. 2014;73(6):351–7.

11.  Abdellah MM, Ammar HG, Anbar M, Mostafa EM, Farouk MM, 
Sayed K, Alsmman AH, Elghobaier MG. Corneal endothelial cell 
density and morphology in healthy egyptian eyes. J Ophthalmol. 
2019;2019:6370241.

12.  Rao SK, Ranjan Sen P, Fogla R, Gangadharan S, Padmanabhan P, 
Badrinath SS. Corneal endothelial cell density and morphology in 
normal Indian eyes. Cornea. 2000;19(6):820-3.

13.  Duman R, Tok Çevik M, Görkem Çevik S, Duman R, Perente ğ. 
Corneal endothelial cell density in healthy Caucasian population. 
Saudi J Ophthalmol. 2016;30(4):236–9.

14.  Padilla MD, Sibayan SA, Gonzales CS. Corneal endothelial cell den-
sity and morphology in normal Filipino eyes. Cornea. 2004;23(2):129–
35.

15.  Kinoshita S, Koizumi N, Ueno M, Okumura N, Imai K, Tanaka H, 
et al. Injection of cultured cells with a ROCK inhibitor for bullous 
keratopathy. N Engl J Med. 2018;378(11):995–1003.

16.  Abib FC. Microscopia especular de córnea. Rio de Janeiro: Revinter; 
2000.

17.  Kwitko S. Endotélio e cirurgia da catarata: grandes desafios. Arq 
Bras Oftalmol. 2000;63(3):235–9.

18.  DelMonte DW, Kim T. Anatomy and physiology of the cornea. J 
Cataract Refract Surg. 2011;37(3):588–98.

19.  Abib FC, Barreto Junior J. Behavior of corneal endothelial density 
over a lifetime. J Cataract Refract Surg. 2001;27(10):1574–8.

20.  Lass JH, Gal RL, Ruedy KJ, Benetz BA, Beck RW, Baratz KH, et 
al.; Cornea Donor Study Group. An evaluation of image quality and 
accuracy of eye bank measurement of donor cornea endothelial cell 
density in the Specular Microscopy Ancillary Study. Ophthalmology. 
2005;112(3):431–40.

Corresponding author 
Karla Mulinari Vicini
Avenida Brasil, 499, apartamento 102, CEP: 89820-000, 
Xanxerê-SC.
E-mail: kaarla.vicini@hotmail.com

Rev Bras Oftalmol. 2020; 79 (3): 180-3




