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Abstract

To provide the general information on corneal transplantation (CT) in China, China Cornea
Society designed a questionnaire on CT from 2014 to 2018 and entrusted it to 31 committee
members for implementation of the survey nationwide. This article presents the results of the
survey and compares the indicators used in the survey and those in the annual statistical report
released by the Eye Bank Association of America (EBAA). The number of corneal transplanta-
tions completed by the 64 hospitals from 2014 to 2018 was respectively 5377, 6394, 7595,
8270 and 8980, totally 36,616 (22,959 male and 13,657 female). The five largest hospitals by
the number of corneal transplantations completed 15,994 surgeries in total, accounting for
43.68% of all the surgeries performed in the 64 hospitals. The most common indication for cor-
neal transplantations was corneal leukoma (7683, 20.98%), followed by bacterial keratitis
(4209, 11.49%), corneal dystrophies (4189, 11.44%), keratoconus (3578, 9.77%) and corneal
perforation (2839, 7.75%). The main surgical techniques were penetrating keratoplasty (PK)
(19,896, 54.34%), anterior lamellar keratoplasty (ALK) (13,869, 37.88%). The proportion of PK
decreased from 57.97% in 2014 to 52.88% in 2018 while the proportion of ALK increased from
36.04% in 2014 to 37.92% in 2018. The geographical distribution of keratoplasties performed
in China is unbalanced. PK and ALK were the main techniques of CT and corneal leukoma,
bacterial keratitis and corneal dystrophies were the main indications for CT in China.
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Introduction

According to the World Health Organization, corneal diseases are one of the leading causes of
blindness globally [1]. Approximately 180,000 cases of corneal transplantations are performed
worldwide each year [2], of which 40,000 to 50,000 cases are in the United States, restoring
vision for patients with corneal blindness [3,4]. China is the largest and most populous devel-
oping country in the world and corneal diseases are the second leading causes of blindness [5-
7]. According to the multi-center study on infectious keratitis in China conducted by Song
etal. in 2010, the number of people with corneal blindness in at least one eye in China was esti-
mated to be about 3 million at that time [8].

Eye Bank Association of America (EBAA) is the only accredited organization in America
that distributes donated eye tissues and collects information on the utilization of the tissues in
all its member banks. Two articles based on the statistical reports of EBAA has been published,
reporting the trends of penetrating keratoplasty (PK) from 1980 to 2004 and the condition of
keratoplasty in the United States from 2005 through 2014 respectively [3,4]. All these data can
provide information for ophthalmologists to understand the general situation of corneal trans-
plantation (CT), and play a positive role in promoting the development of CT and the
improvement in surgical techniques.

Although several single center based articles about keratoplasties have been published these
years [9-14], currently, there is no national eye bank association or eye bank union in China,
therefore, no exact data is available for the total number of corneal transplantations each year,
the main indications for CT, surgical techniques of CT, etcetera, which limits the formulation
and implementation of corneal blindness-related policies and then the process of restoring
vision for the blind in China. To get an overview of keratoplasties in China, the Corneal Dis-
ease Group of Ophthalmological Society of Chinese Medical Association (China Cornea Soci-
ety) designed a questionnaire on CT (S1 Table) and entrusted the questionnaire to its 31
committee members for the implementation of the survey in hospitals. 64 hospitals partici-
pated in the survey and returned the questionnaire. The results of the survey show that there
are many differences in surgical techniques of CT, indications, and other aspects between
China and America. The survey data are now available for reference.

Materials and methods

The China Cornea Society entrusted the questionnaire to its 31 committee members for the
implementation of the survey in China. A total number of 64 hospitals were involved in the sur-
vey and asked to fill in the questionnaires. This study was approved by the Institutional Review
Board of Shandong Eye Institute and adhered to the tenets of the Declaration of Helsinki.
Indicators of the survey included the number of keratoplasties performed between January
2014 to December 2018, general conditions of each patient, geographical distribution of sur-
geries, indications for surgeries, surgical techniques. Detailed data of each case was collected.

Indications for corneal transplantation

Indications for CT mainly include 1) fungal keratitis, 2) bacterial keratitis, 3) herpes simplex
virus keratitis, 4) Acanthamoeba keratitis), 5) corneal dystrophies (granular dystrophy, lattice
dystrophy, macular dystrophy, Fuchs’ dystrophy, and other dystrophies), 6) trauma (acid
burns, alkali burns, thermal burns, and other burns), 7) immune-related keratitis (Mooren’s
Ulcer, rheumatoid arthritis-associated peripheral ulcerative keratitis, and Stevens—Johnson
syndrome), 8) corneal degeneration, 9) keratoconus, 10) pseudophakic bullous keratopathy
(PBK), 11) corneal tumor, 12) corneal leukoma, 13) corneal perforation, 14) corneal staphy-
loma, 15) exposure keratitis, 16) pterygium-related corneal opacity, and 17) graft opacity.
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Corneal transplantation techniques

Corneal transplantation techniques mainly include 1) PK, 2) lamellar keratoplasty (LK), in the
form of anterior lamellar keratoplasty (ALK) and endothelial keratoplasty (EK), 3) kerato-
prosthesis, and 4) keratolimbal allograft.

Statistical method

The data were analyzed using SPSS Statistics version 25 (IBM, Armonk, NY). P values less
than 0.05 were regarded as statistically significant.

Results

64 tertiary hospitals in China returned the questionnaires. According to the detailed informa-
tion the hospitals provided, the number of CT performed in the five years was 5377, 6394,
7595, 8270, and 8980 respectively, totally 36,616.

Number of corneal transplantations in hospitals and geographical
distribution

The five largest hospitals by number of corneal transplantations performed from 2014 through
2018 are Shandong Eye Institute (including Eye Hospital of Shandong First Medical University
and Qingdao Eye Hospital of Shandong First Medical Univeristy) (4001), Zhongshan Ophthal-
mic Center (3837), Beijing Tongren Hospital (3079), No. 1 Hospital of Xi’an City (2569), Eye
and Ear, Nose, Throat Hospital of Fudan University (2508) and totally conducted 15,994 kera-
toplasties, accounting for 43.68% of the totally reported keratoplasties (Fig 1).

According to the location of the hospitals reported, 30 provincial-level administrative units
were included. The total number of CT performed in the five years in each administrative unit
is as follows (Table 1).

The five largest provincial-level administrative units by number of CT have completed 19
911 cases (54.38%), while the five smallest units have only completed 67 cases (0.18%).

Age and gender distribution of cornea transplant recipients

Among the 36,616 patients who underwent CT, 22,959 (62.70%) were male and 13,657
(37.30%) were female. The distribution of age is as follows (Table 2).

Indications for corneal transplantation

The 5 leading indications for CT in China were corneal leukoma (7683, 20.98%), bacterial ker-
atitis (4209, 11.49%), corneal dystrophies (4189, 11.44%), keratoconus (3578, 9.77%), and cor-
neal perforation (2839, 7.75%) (Fig 2).

Surgical techniques

According to the data we collected, the number of PK accounts for 54.34% of all the kerato-
plasties performed in the five years, ALK 37.88%, EK 6.87%, keratoprosthesis 0.72%, and kera-
tolimbal allograft 0.19% (Fig 3).

The most common surgical technique was PK, although decreasing from 57.97% in 2014 to
52.88% in 2018. ALK increased from 36.04% to 37.92% in the five years (P<0.001) and EK
increased from 5.52% to 7.75% (P<<0.001). The indications for ALK are shown in Table 3 and
the indications for PK are shown in Table 4.
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Fig 1. Number of corneal transplants performed in each involved hospital. 1: Shandong Eye Institute 2: Zhongshan
Ophthalmic Centre, Sun Yat-sen University 3: Beijing Tongren Hospital, Capital Medical University 4: No.1 Hospital
of Xi’an City 5: Eye and Ear, Nose, Throat Hospital, Fudan University 6: Peking University Third Hospital 7: Eye
Hospital of Wenzhou Medical University 8: Affiliated Xiamen Eye Center of Xiamen University 9: Chengdu AiDi Eye
Hospital 10: Henan Eye Institute, Henan Eye Hospital 11: Hefei Puri Ophthalmological Hospital 12: Chinese PLA
General Hospital, Medical School of Chinese PLA 13: Tong]Ji Hospital, Tongji Medical College, Huazhong University
of Science and Technology 14: The Third Xiangya Hospital of Center South University 15: The First Affiliated Hospital
of Harbin Medical University 16: The First Hospital of Jilin University 17: Suzhou Lixiang Eye Hospital 18: Henan Eye
Institute, Henan Eye Hospital 19: Nanjing First Hospital, Nanjing Medical University 20: Department of
Ophthalmology, Second Xiangya Hospital, Central South University 21: Affiliated Second Hospital, School of
Medicine, Zhejiang University 22: Nanjing Aier Eye Hospital 23: Shanxi Eye Hospital 24: General Hospital of
Northern Theater Command Hospital 25: Affiliated Eye Hospital of Nanchang University 26: The First Hospital
Affiliated to Army Medical University 27: Shanghai Ninth People’s Hospital, Shanghai JiaoTong University School of
Medicine 28: Ningbo Eye Hospital 29: Xuzhou Municipal Hospital Affiliated to Xuzhou Medical University 30: Tianjin
Medical University Eye Hospital 31: Renmin Hospital of Wuhan University 32: Daqing Ophthalmologic Hospital 33:
Shenyang He Eye Hospital 34: Jinan Mingshui Eye Hospital 35: The 4th People’s Hospital of Shenyang 36: 474 Hospital
of PLA 37: Urumgqi City Ophthalmology and Otolaryngology Hospital 38: West China Hospital of Sichuan University
39: The First Affiliated Hospital of Nanjing Medical University, Jiangsu Province Hospital 40: Weifang Eye Hospital
41: General Hospital of the Central Theater of the Chinese People’s Liberation Army, Wuhan, Hubei Province 42:
Nanjing Ningyi Eye Center 43: Department of Ophthalmology, Xiangya Hospital, Central South University 44: The
People’s Third Hospital of Dalian, Dalian Medical University, The third People’s Hospital of Dalian 45: The People’s
No.1 Hospital of Chenzhou 46: The First Affiliated Hospital of Dali University 47: The First Affiliated Hospital of
University of Science and Technology of China, Anhui Provincial Hospital 48: The Army Characteristic Medical
Center 49: Qilu Hospital of Shandong University 50: Jinling Hospital, Nanjing University School of Medicine 51:
Ningxia Eye Hospital, The People’s Hospital of Ningxia Hui Autonomous Region 52: First Affiliated Hospital of
Kunming Medical University 53: Lunan Eye Hospital 54: Peking University First Hospital 55: Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College 56: Wuxi Second People’s
Hospital 57: Guizhou Jinglang Eye Hospital 58: Yichang Central People’s Hospital 59: Lanzhou University Second
Hospital 60: The Second Affiliated Hospital of Harbin Medical University 61: Jingzhou First People’s Hospital 62:
Shijiazhuang No.1 Hospital 63: Hulunbuir People’s Hospital 64: Tibetan Traditional Tibet Medical Hospital of Tibet
Autonomous Region.

https://doi.org/10.1371/journal.pone.0239939.g001

Discussion

Corneal diseases are a leading cause of blindness worldwide, second to cataract [1,15]. Due to
the unbalanced global economy and ethnic differences, the causes of blindness, the proportion
of the causes, the preferred surgical techniques of CT and the indications for surgery are not
the same or even quite different in different countries and regions [16-18]. Currently, China
does not have a national eye bank union, so it is not easy to collect exact information on CT
from all the hospitals and eye banks. Therefore, the general data on CT in China is unavailable
now. The Chinese Ophthalmological Society is the most authoritative academic association in
ophthalmology in China and its Corneal Disease Group (China Cornea Society) is the most
authoritative group in the cornea disease field in China, whose members are experts on cor-
nea-related clinical work and academic research. The members are very familiar with the hos-
pitals in their own administrative unit, so they were entrusted to collect information from the
hospitals in their own administrative units. The survey has covered most of the qualified hospi-
tals in performing keratoplasties in the recent five years and it is estimated that the cases

PLOS ONE | https://doi.org/10.1371/journal.pone.0239939  October 15, 2020 5/13


https://doi.org/10.1371/journal.pone.0239939.g001
https://doi.org/10.1371/journal.pone.0239939

PLOS ONE Keratoplasty in China: From 2014 to 2018

Table 1. Total number of CT performed in the five years in each provincial-level administrative unit.

Number* %
Provincial-level administrative unit Beijing 6077 16.60
Shandong 4427 12.09
Guangdong 3976 10.86
Shanghai 2791 7.62
Zhejiang 2640 7.21
Shaanxi 2569 7.02
Fujian 1671 4.56
Jiangsu 1650 4.51
Sichuan 1 540 4.21
Hunan 1371 3.74
Henan 1043 2.85
Hubei 985 2.69
Anhui 917 2.50
Liaoning 825 2.25%
Heilongjiang 787 2.15
Jilin 554 1.51
Hainan 505 1.38
Guangxi 392 1.07
Chongqing 384 1.05
Shanxi 379 1.04
Jiangxi 325 0.89
Xinjiang 313 0.85
Tianjin 241 0.66
Yunnan 134 0.37
Ningxia 53 0.14
Guizhou 34 0.09
Gansu 15 0.04
Hebei 8 0.02
Inner Mongolia 8 0.02
Tibet 2 0.01

* in descending order.

https://doi.org/10.1371/journal.pone.0239939.t001

included in the survey accounted for more than 90% of all the corneal transplantations, so the
results can represent the condition of keratoplasties in China.

According to our survey, the four leading indications for CT in China from 2014 through
2018 were corneal leukoma, bacterial keratitis, corneal dystrophies, and keratoconus, while the
four leading indications for CT in America from 2005 to 2014 were PBK, keratoconus, Fuchs’
dystrophy, and repeat CT [4]. Analyses of the results show that there are both similarity and
difference on the indications for CT between China and America.

Table 2. Age distribution of cornea transplant recipients.

Age (year)
<1 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 >80
Number (%) | 538 (1.47) | 3123(8.53) | 2846 (7.77) | 3607 (9.85) | 3427(9.36) | 6053 (16.53) | 7067 (19.30) | 6438 (17.58) | 2851 (7.79) | 666 (1.82)

https://doi.org/10.1371/journal.pone.0239939.t002
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Fig 2. Indications for corneal transplantation.

https://doi.org/10.1371/journal.pone.0239939.9002

Similarity: In both countries, keratoconus is among the top four indications of CT. Reason:
Keratoconus occurs in all ethnic groups and it is related to heredity, therefore, the incidence

rate of keratoconus in different countries is slightly different or comparable [19-22].

Difference: In America, endothelial dysfunction (including PBK and Fuchs’ dystrophy) is
the main indication for CT, while in China, corneal leukoma, and infectious keratitis are the
most common indications. Reasons: 1) The difference may be related to the economic devel-
opment levels of the two countries. China is a developing country with an agricultural popula-
tion of 800 million. The economic level and geographical conditions limit the promotion and
application of agricultural machinery and the people still lack occupational safety awareness

(%)
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Fig 3. Tendency of preferred surgical techniques. ALK = anterior lamellar keratoplasty; PK = penetrating

keratoplasty; EK = endothelial keratoplasty.

https://doi.org/10.1371/journal.pone.0239939.g003
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Table 3. Indications for anterior lamellar keratoplasty from 2014 through 2018.

Year, Number (%)

Indication 2014 2015 2016 2017 2018
Corneal leukoma 280(14.45) 338(15.23) 387(12.86) 591(17.93) 455(13.36)
Keratoconus 255(13.16) 297(13.38) 459(15.25) 547(16.59) 531(15.59)
Corneal tumor 217(11.20) 245(11.04) 370(12.29) 468(14.19) 536(15.74)
Bacterial keratitis 223(11.51) 232(10.46) 406(13.49) 391(11.86) 458(13.45)
Corneal degeneration 164(8.46) 151(6.80) 245(8.14) 323(9.80) 296(8.69)
Corneal dystrophies 88(4.54) 158(7.12) 211(7.01) 154(4.67) 283(8.31)
Corneal perforation 126(6.50) 144(6.49) 199(6.61) 176(5.34) 167(4.90)
Immune-related keratitis 103(5.31) 161(7.26) 185(6.15) 121(3.67) 141(4.14)
Fungal keratitis 108(5.57) 49(2.21) 129(4.29) 202(6.13) 222(6.52)
Trauma 107(5.52) 129(5.81) 157(5.22) 104(3.15) 98(2.88)
Herpes simplex virus keratitis 94(4.85) 131(5.90) 122(4.05) 77(2.34) 92(2.70)
Graft opacity 32(1.65) 47(2.12) 56(1.86) 84(2.55) 85(2.50)
Pseudophakic bullous keratopathy 93(4.80) 74(3.33) 43(1.43) 9(0.27) 4(0.12)
Pterygium-related corneal opacity 16(0.83) 25(1.13) 20(0.66) 26(0.79) 19(0.56)
Acanthamoeba keratitis 23(1.19) 27(1.22) 10(0.33) 11(0.33) 10(0.29)
Corneal staphyloma 7(0.36) 8(0.36) 8(0.27) 13(0.39) 8(0.23)
Exposure keratitis 2(0.10) 3(0.14) 3(0.10) 0(0) 0(0)

https://doi.org/10.1371/journal.pone.0239939.t003

and protection measures. As a result, the risk of infectious keratitis caused by trauma in farm-

ing is high [23], therefore, corneal leukoma and infectious keratitis become the most common

indications for CT in China. 2) America has a relatively long history in performing cataract

surgeries and the total number of surgeries is large. The wide application of anterior chamber
intraocular lenses in the 1980’s has accelerated the loss of endothelial cells after surgery, result-
ing in a large amount of PBK, which was one of the most common indications for CT from

Table 4. Indications for penetrating keratoplasty from 2014 through 2018.

Year, Number (%)
Indication 2014 2015 2016 2017 2018
Corneal leukoma 942(20.22) 1043(28.04) 1064(26.30) 1238(29.03) 1194(25.14)
Bacterial keratitis 289(9.27) 348(9.35) 492(12.16) 555(13.01) 710(14.95)
Corneal perforation 214(6.87) 315(8.47) 360(8.90) 518(12.15) 600(12.63)
Corneal dystrophies 285(9.14) 347(9.33) 406(10.04) 330(7.74) 449(9.45)
Fungal keratitis 257(8.25) 196(5.27) 382(9.44) 456(10.69) 466(9.81)
Keratoconus 296(9.50) 387(10.40) 342(8.45) 247(5.79) 213(4.49)
Graft opacity 208(6.67) 250(6.72) 271(6.70) 285(6.68) 313(6.59)
Corneal degeneration 142(4.56) 164(4.41) 166(4.10) 201(4.71) 276(5.81)
Herpes simplex virus keratitis 117(3.75) 107(2.88) 141(3.49) 177(4.15) 230(4.84)
Pseudophakic bullous keratopathy 145(4.65) 111(2.98) 136(3.36) 105(2.46) 136(2.86)
Trauma 71(2.28) 100(2.69) 101(2.50) 85(1.99) 85(1.79)
Corneal tumor 92(2.95) 129(3.47) 78(1.93) 30(0.71) 33(0.69)
Immune-related keratitis 39(1.25) 65(1.75) 65(1.68) 24(0.56) 28(0.59)
Pterygium-related corneal opacity 1(0.03) 144(3.87) 8(0.20) 0(0) 2(0.04)
Corneal staphyloma 9(0.29) 13(0.35) 18(0.44) 7(0.16) 8(0.17)
Acanthamoeba keratitis 10(0.33) 1(0.03) 9(0.22) 7(0.16) 6(0.13)
Exposure keratitis 0(0) 0(0) 3(0.07) 0(0) 0(0)

https://doi.org/10.1371/journal.pone.0239939.t004
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2005 through 2014 [4]. Although the incidence rate of PBK has decreased worldwide these
years with the development of facilities for cataract surgeries, the absolute number of people
receiving cataract surgeries is still growing. According to the latest data, the cataract surgery
rate in the United States was up to 10,000 in 2018, while in China, the rate was only 2000 to
3000 [24-26].

The main surgical technique in the United States from 1980 to 2004 was PK. However, in
the following 10 years, PK dramatically decreased from 95% in 2005 to 42% in 2014 and has
been surpassed by various LK techniques (in the form of EK and ALK) in 2011 [4]. Analyzing
the results of our survey, we found that from 2014 to 2016 the proportion of PK decreased by
4.71% while LK increased by 4.71%, and then in 2017 and 2018, the proportion of the tech-
niques were relatively stable. In addition, to find the long-term trend of preferred techniques,
the authors analyzed a single center study conducted by Shandong Eye Institute, covering
5316 cases of CT from 1996 to 2007 and found that in the twelve years, PK decreased from
76.0% to 61.8% while LK increased from 24.0% to 38.2% [27]. Therefore, it can be seen that
the trend of preferred techniques of CT in China and America was similar in the past twenty
years, with a decrease in PK and an increase in LK. The change of preferred technique from
full thickness PK to LK can reduce the risk of surgery and the risk of immune rejection after
surgery. In addition, the application of the new LK technique, such as deep anterior lamellar
keratoplasty (DALK) and Descemet’s membrane endothelial keratoplasty (DMEK), has made
it possible for one or more people to share one donor cornea [28], which can reduce the bur-
den of corneal blindness under the worldwide shortage of donor corneas.

Although in both China and America, the number of LK increased gradually, the respective
proportion of ALK and EK and the indications were quite different. According to the statistical
report of EBAA in 2014, ALK only accounted for 3.4% of various LK techniques while EK
accounted for 96.6%. However, the results of our survey showed that ALK accounted for
83.03% while EK only accounted for 16.97% in China in 2018. The differences may be related
to the establishment of eye bank association, the different indications in the two countries and
the development of surgical techniques. 1) PK and EK require corneal tissue with high quality.
In America, benefiting from the oversupply of donor corneas and the professional manage-
ment by EBAA, the techniques can be performed with qualified corneas or even pre-cut grafts
[29]. However, in China, there is a severe shortage of corneas nationwide [30,31]. No doubt
that some eye banks may have corneas more than they need, but due to the lack of a unified
management and distribution by a national eye bank association, the spare corneas in one eye
bank can not be transferred to another bank for the maximum utilization in time. These cor-
neas are usually dehydrated for a long period of preservation in the eye bank. After dehydra-
tion, the corneas can only be used for ALK. 2) In China, the indications for CT are mainly
corneal leukoma and bacterial keratitis, which are not good indications for EK, while in Amer-
ica, the main indications for CT, PBK, and Fuchs’ dystrophy, are good indications for EK. 3)
Due to the lamellar interface created during conventional LK, the postoperative visual acuity
may be not as good as that after PK. The technical progresses have made it a reality for new
techniques of LK to achieve a comparable visual acuity to PK [32]. In addition, for some dis-
eases that were not typical indications for LK, such as chemical or thermal burns, herpes sim-
plex keratitis scar, and bacterial keratitis scar, DALK is also applicable now, which contributes
to the high proportion of LK [33,34].

Additionally, we noticed that the only common indication among the top four indications
for CT in China and America was keratoconus, but the preferred techniques for it were quite
different. Although there was an increase in ALK for keratoconus in America, PK remained
the main surgical method, performed in 6224 patients while ALK only performed in 757
patients in 2014 [4]. In our survey, the proportion of ALK for keratoconus increased from
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46.28% in 2014 to 71.37% in 2018 while PK decreased from 53.72% to 28.63%. The common
practice of flattening the recipient bed in the process of ALK, which can affect the postopera-
tive visual recovery due to the recipient bed wrinkles, may be a limiting factor for the applica-
tion of ALK for patients with keratoconus in the past. With proper measures in surgery, the
wrinkles can be avoided in the pupil area. Together with the application of DALK, the patients
with keratoconus can obtain visual acuity comparable to PK [35]. Benefiting from improve-
ments in techniques, even for cases with acute keratoconus, ALK can be performed before
stroma scarring occurs. All these factors have contributed to the high proportion of ALK for
keratoconus in China [36].

Due to immune rejection, chronic allograft dysfunction and late graft failure, the average
survival time for graft after PK is only about 17 years. However, ALK can significantly lower
the risk of chronic graft dysfunction and the graft can survive for about 49 years [37]. As most
of the patients with keratoconus are teenagers, an early allograft dysfunction can affect their
life. Therefore, ALK (including DALK), should be gradually popularized and applied world-
wide for patients with keratoconus.

In our survey, information of CT from 2014 through 2018 in 64 hospitals were included.
According to the data collected, the five largest hospital by number of CT surgeries completed
43.68% of the total number of CT surgeries in China and the five largest administrative units
by number of CT surgeries performed 54.38% of the total number of CT surgeries in China.
Except for No.1 Hospital of Xi’an City, the other 4 hospitals are in eastern China.

The geographical distributions of CT may correlate with the regional economy. The admin-
istrative units in eastern China have advantages over the units in central and western China.
The rapid development of economy has opened people’s mind and increased their health
needs. They are more willing to seek medical attention and more active in organ and tissue
donation. In addition, the high economy level is the foundation of better transportation and
medical level, which can benefit the patients and the cornea procurement.

Conclusions

In our survey, the data of CT in China from 2014 to 2018 were collected and analyzed to provide
information for ophthalmologists at home and abroad to understand the condition of kerato-
plasty in China and then to conduct further studies. Although we have tried to contact as much
hospitals as possible to collect information on CT, it is estimated that about 10% of the CT cases
in China were not included. In addition, as this is the first time that a questionnaire has been
designed to collect the general information of CT in China, limitations of the questionnaire
exist inevitably. In the following five years, the questionnaire will be modified to collect more
complete information (including the graft survival time) and use more standardized diagnoses
and classification of indications to reflect the condition of CT in China comprehensively.
Opverall, in China, the geographical distribution of keratoplasties and the number of kerato-
plasties performed in each hospital are quite unbalanced. To better serve the patients in central
and western China, training for ophthalmologists, development of medical facility and popu-
larization of donation knowledge at these regions are required. PK and ALK are the main sur-
gical techniques for CT in China. Corneal leukoma, bacterial keratitis, and corneal dystrophies
are the main indications for keratoplasties. These differences between China and America
relate to the national conditions, economic development level, and ethnic characteristics.

Supporting information

S1 Table. Questionnaire of keratoplasty in China (Chinese and English version).
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0239939  October 15, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239939.s001
https://doi.org/10.1371/journal.pone.0239939

PLOS ONE

Keratoplasty in China: From 2014 to 2018

Acknowledgments

We sincerely thank all the hospitals and doctors who have contributed to the collection of the
data.

Author Contributions
Conceptualization: Lixin Xie, Weiyun Shi.

Data curation: Hua Gao, Ting Huang, Zhiqiang Pan, Jie Wu, Jianjiang Xu, Jing Hong, Wei
Chen, Huping Wu, Qian Kang, Lei Zhu, Lingling Fu, Ligiang Wang, Guigang Li, Zhihong
Deng, Hong Zhang, Hui Xu, Qingliang Zhao, Hongshan Liu, Linnong Wang, Baihua Chen,
Xiuming Jin, Minghai Huang, Jizhong Yang, Minghong Gao, Wentian Zhou, Hanping Xie,
Yao Fu, Feng Wen, Changbo Fu, Shaozhen Zhao, Yanning Yang, Yanjiang Fu, Tao Yao,
Chaoqing Wang, Xiaonan Sun, Xiaowei Gao, Maimaitiming Reziwan, Yingping Deng, Jian
Li, Limei Liu, Bo Zeng, Lianyun Bao, Hua Wang, Lijun Zhang, Zhiyuan Li, Zhijian Yin,
Yuechun Wen, Xiao Zheng, Liqun Du, Zhenping Huang, Xunlun Sheng, Hui Zhang, Liz-
hong Chen, Xiaoming Yan, Xiaowei Liu, Wenhui Liu, Yuan Liu, Liang Liang, Pengcheng
Wu, Lijun Qu, Jinkui Cheng, Hua Zhang, Qige Qi, Yangkyi Tseten, Jianping Ji, Jin Yuan,
Ying Jie, Jun Xiang, Yifei Huang, Yuli Yang, Ying Li, Yiyi Hou.

Formal analysis: Hua Gao, Lixin Xie, Weiyun Shi.
Funding acquisition: Hua Gao, Weiyun Shi.
Investigation: Lixin Xie.

Methodology: Hua Gao, Weiyun Shi.

Resources: Hua Gao, Ting Huang, Zhiqiang Pan, Jie Wu, Jianjiang Xu, Jing Hong, Wei Chen,
Huping Wu, Qian Kang, Lei Zhu, Lingling Fu, Ligiang Wang, Guigang Li, Zhihong Deng,
Hong Zhang, Hui Xu, Qingliang Zhao, Hongshan Liu, Linnong Wang, Baihua Chen,
Xiuming Jin, Minghai Huang, Jizhong Yang, Minghong Gao, Wentian Zhou, Hanping Xie,
Yao Fu, Feng Wen, Changbo Fu, Shaozhen Zhao, Yanning Yang, Yanjiang Fu, Tao Yao,
Chaoqing Wang, Xiaonan Sun, Xiaowei Gao, Maimaitiming Reziwan, Yingping Deng, Jian
Li, Limei Liu, Bo Zeng, Lianyun Bao, Hua Wang, Lijun Zhang, Zhiyuan Li, Zhijian Yin,
Yuechun Wen, Xiao Zheng, Liqun Du, Zhenping Huang, Xunlun Sheng, Hui Zhang, Liz-
hong Chen, Xiaoming Yan, Xiaowei Liu, Wenhui Liu, Yuan Liu, Liang Liang, Pengcheng
Wu, Lijun Qu, Jinkui Cheng, Hua Zhang, Qige Qi, Yangkyi Tseten, Jianping Ji, Jin Yuan,
Ying Jie, Jun Xiang, Yifei Huang, Yuli Yang, Ying Li, Yiyi Hou.

Software: Hua Gao, Tong Liu.

Supervision: Lixin Xie, Weiyun Shi.

Validation: Hua Gao.

Visualization: Hua Gao.

Writing - original draft: Hua Gao.

Writing - review & editing: Tong Liu, Lixin Xie, Weiyun Shi.

References

1. Whitcher JP, Srinivasan M, Upadhyay MP. Corneal blindness: a global perspective. Bull World Health
Organ. 2001; 79:214-221. PMID: 11285665

PLOS ONE | https://doi.org/10.1371/journal.pone.0239939  October 15, 2020 11/13


http://www.ncbi.nlm.nih.gov/pubmed/11285665
https://doi.org/10.1371/journal.pone.0239939

PLOS ONE

Keratoplasty in China: From 2014 to 2018

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Gain P, Jullienne R, He Z, Aldossary M, Acquart S, Cognasse F, et al. Global Survey of Corneal Trans-
plantation and Eye Banking. JAMA Ophthalmol. 2016; 134:167—173. https://doi.org/10.1001/
jamaophthalmol.2015.4776 PMID: 26633035

Darlington JK, Adrean SD, Schwab IR. Trends of penetrating keratoplasty in the United States from
1980 to 2004. Ophthalmology. 2006; 113:2171-2175. https://doi.org/10.1016/j.ophtha.2006.06.034
PMID: 16996602

Park CY, Lee JK, Gore PK, Lim CY, Chuck RS. Keratoplasty in the United States: A 10-Year Review
from 2005 through 2014. Ophthalmology. 2015; 122:2432-2442. https://doi.org/10.1016/j.ophtha.2015.
08.017 PMID: 26386848

Zhang S, Zou L, Gao Y, DiY, Yu X, Wang X. National Epidemiological Survey of Blindness and Low
Vision. Zhonghua Yan Ke Za Zhi. 1992; 28:260-264. PMID: 1299576

Gao H, Chen XN, Shi WY. Analysis of the prevalence of blindness and major blinding diseases in
China. Zhonghua Yan Ke Za Zhi. 2019; 55:625-628. https://doi.org/10.3760/cma.j.issn.0412-4081.
2019.08.016 PMID: 31422641

Guan HJ. Present status and development of prevention of blindness and ophthalmic epidemiologic
studies in China. Zhonghua Yan Ke Za Zhi. 2010; 46:938-943. PMID: 21176618

Song X, Xie L, Tan X, Wang Z, Yang Y, Yuan Y, et al. A multi-center, cross-sectional study on the bur-
den of infectious keratitis in China. PLoS One. 2014; 9:e113843. https://doi.org/10.1371/journal.pone.
0113843 PMID: 25438169

Zhang C, Xu J. Indications for penetrating keratoplasty in East China, 1994—2003. Graefes Arch Clin
Exp Ophthalmol. 2005; 243:1005-9. https://doi.org/10.1007/s00417-005-1167-0 PMID: 15906072

Xie LX, Wang FH, Shi WY. Analysis of causes for penetrating keratoplasty at Shandong Eye Institute
from 1997 to 2002. Zhonghua Yan Ke Za Zhi. 2006; 42:704—8. PMID: 17081441

Hong JX, Xu JJ, Sheng MJ, Liu Y, Zhu L. Clinical analysis of keratoplasty for 121 children in Shanghai.
Zhonghua Yan Ke Za Zhi. 2007; 43:303—6. PMID: 17605924

Qu LJ, Xie LX. Changing indications for lamellar keratoplasty in Shandong, 1993-2008. Chin Med J
(Engl). 2010; 123:3268-71.

Wang JY, Xie LX, Song XS, Zhao J. Trends in the indications for penetrating keratoplasty in Shandong,
2005-2010. Int J Ophthalmol. 2011; 4:492—7. https://doi.org/10.3980/j.issn.2222-3959.2011.05.07
PMID: 22553709

ZhangY, LiuY, Liang Q, Miao S, Lin Q, Zhang J, et al. Indications and Outcomes of Penetrating Kerato-
plasty in Infants and Children of Beijing, China. Cornea. 2018; 37:1243-1248. https://doi.org/10.1097/
1C0O.0000000000001695 PMID: 30044248

Lamm V, Hara H, Mammen A, Dhaliwal D, Cooper DK. Corneal blindness and xenotransplantation.
Xenotransplantation. 2014; 21:99—-114. https://doi.org/10.1111/xen.12082 PMID: 25268248

Bourne RRA, Flaxman SR, Braithwaite T, CicinelliMV, Das A, Jonas JB, et al. Magnitude, temporal
trends, and projections of the global prevalence of blindness and distance and near vision impairment:
a systematic review and meta-analysis. Lancet Globl Health. 2017; 5:e888—e897.

Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T, Cicinelli MV, et al. Global causes of
blindness and distance vision impairment 1990-2020: a systematic review and meta-analysis. Lancet
Globl Health. 2017; 5:e1221-e1234.

Ackland P, Resnikoff S, Bourne R. World blindness and visual impairment: despite many successes,
the problem is growing. Community Eye Health. 2017; 30: 71. PMID: 29483748

Gomes JA, Tan D, Rapuano CJ, Belin MW, Ambrosio R, Guell JL, et al. Global consensus on keratoco-
nus and ectatic diseases. Cornea. 2015; 34:359-369. https://doi.org/10.1097/IC0O.0000000000000408
PMID: 25738235

Mas Tur V, MacGregor C, Jayaswal R, O’Brart D, Maycock N. A review of keratoconus: Diagnosis,
pathophysiology, and genetics. Surv Ophthalmol. 2017; 62:770-783. https://doi.org/10.1016/j.
survophthal.2017.06.009 PMID: 28688894

Rong SS, Ma STU, Yu XT, Ma L, Chu WK, Chan TCY, et al. Genetic associations for keratoconus: a
systematic review and meta-analysis. Sci Rep. 2017; 7:4620. https://doi.org/10.1038/s41598-017-
04393-2 PMID: 28676647

Gordon-Shaag A, Millodot M, Shneor E, Liu Y. The genetic and environmental factors for keratoconus.
Biomed Res Int. 2015; 2015:795738. https://doi.org/10.1155/2015/795738 PMID: 26075261

Xie L, Zhong W, Shi W, Sun S. Spectrum of fungal keratitis in north China. Ophthalmology. 2006;
113:1943-19448. https://doi.org/10.1016/j.ophtha.2006.05.035 PMID: 16935335

PLOS ONE | https://doi.org/10.1371/journal.pone.0239939  October 15, 2020 12/13


https://doi.org/10.1001/jamaophthalmol.2015.4776
https://doi.org/10.1001/jamaophthalmol.2015.4776
http://www.ncbi.nlm.nih.gov/pubmed/26633035
https://doi.org/10.1016/j.ophtha.2006.06.034
http://www.ncbi.nlm.nih.gov/pubmed/16996602
https://doi.org/10.1016/j.ophtha.2015.08.017
https://doi.org/10.1016/j.ophtha.2015.08.017
http://www.ncbi.nlm.nih.gov/pubmed/26386848
http://www.ncbi.nlm.nih.gov/pubmed/1299576
https://doi.org/10.3760/cma.j.issn.0412-4081.2019.08.016
https://doi.org/10.3760/cma.j.issn.0412-4081.2019.08.016
http://www.ncbi.nlm.nih.gov/pubmed/31422641
http://www.ncbi.nlm.nih.gov/pubmed/21176618
https://doi.org/10.1371/journal.pone.0113843
https://doi.org/10.1371/journal.pone.0113843
http://www.ncbi.nlm.nih.gov/pubmed/25438169
https://doi.org/10.1007/s00417-005-1167-0
http://www.ncbi.nlm.nih.gov/pubmed/15906072
http://www.ncbi.nlm.nih.gov/pubmed/17081441
http://www.ncbi.nlm.nih.gov/pubmed/17605924
https://doi.org/10.3980/j.issn.2222-3959.2011.05.07
http://www.ncbi.nlm.nih.gov/pubmed/22553709
https://doi.org/10.1097/ICO.0000000000001695
https://doi.org/10.1097/ICO.0000000000001695
http://www.ncbi.nlm.nih.gov/pubmed/30044248
https://doi.org/10.1111/xen.12082
http://www.ncbi.nlm.nih.gov/pubmed/25268248
http://www.ncbi.nlm.nih.gov/pubmed/29483748
https://doi.org/10.1097/ICO.0000000000000408
http://www.ncbi.nlm.nih.gov/pubmed/25738235
https://doi.org/10.1016/j.survophthal.2017.06.009
https://doi.org/10.1016/j.survophthal.2017.06.009
http://www.ncbi.nlm.nih.gov/pubmed/28688894
https://doi.org/10.1038/s41598-017-04393-2
https://doi.org/10.1038/s41598-017-04393-2
http://www.ncbi.nlm.nih.gov/pubmed/28676647
https://doi.org/10.1155/2015/795738
http://www.ncbi.nlm.nih.gov/pubmed/26075261
https://doi.org/10.1016/j.ophtha.2006.05.035
http://www.ncbi.nlm.nih.gov/pubmed/16935335
https://doi.org/10.1371/journal.pone.0239939

PLOS ONE

Keratoplasty in China: From 2014 to 2018

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

Yan W, Wang W, van Wijngaarden P, Mueller A, He M. Longitudinal changes in global cataract surgery
rate inequality and associations with socioeconomic indices. Clin Exp Ophthalmol. 2019; 47:453—-460.
https://doi.org/10.1111/ce0.13430 PMID: 30362287

Rao GN, Khanna R, Payal A. The global burden of cataract. Curr Opin Ophthalmol. 2011; 22:4-9.
https://doi.org/10.1097/ICU.0b013e3283414fc8 PMID: 21107260

Zhao J, Xu X, Ellwein LB, Guan H, He M, Liu P, et al. Cataract surgical coverage and visual acuity out-
comes in rural china in 2014 and comparisons with the 2006 China Nine-Province survey. Am J
Ophthalmol. 2018; 193: 62—70. https://doi.org/10.1016/j.2j0.2018.06.004 PMID: 29906431

Xie L, Qi F, Gao H, Wang T, Shi W, Zhao J. Major shifts in corneal transplantation procedures in north
China: 5316 eyes over 12 years. Br J Ophthalmol. 2009; 93:1291-1295. https://doi.org/10.1136/bjo.
2008.148981 PMID: 19556213

Heindl LM, Riss S, Bachmann BO, Laaser K, Kruse FE, Cursiefen C. Split cornea transplantation for 2
recipients: a new strategy to reduce corneal tissue cost and shortage. Ophthalmology. 2011; 118:294—
301. https://doi.org/10.1016/j.0phtha.2010.05.025 PMID: 20723996

Eye bank association of America. 2018 Eye Banking Statistical Report. 2019.

Li S, Xie L. Investigation of eye bank status quo in China. Zhonghua Yan Ke Za Zhi. 2011; 47:837—-840.
PMID: 22177133

Zhang M. Strategies to resolve the problem of lack of keratoplasty materials in China. Chin J Ophthal-
mol. 2007; 43:289-92.

Tan DT, Dart JK, Holland EJ, Kinoshita S. Corneal transplantation. Lancet. 2012; 379:1749—-1761.
https://doi.org/10.1016/S0140-6736(12)60437-1 PMID: 22559901

Huang T, Zhang X, Wang Y, Zhang H, Huand A, Gao N. Outcomes of deep anterior lamellar kerato-
plasty using the big-bubble technique in various corneal diseases. Am J Ophthalmol. 2012; 154:282—
289. https://doi.org/10.1016/j.aj0.2012.02.025 PMID: 22633351

Gao H, Song P, Echegaray JJ, Jia Y, Li S, Du M, et al. Big bubble deep anterior lamellar keratoplasty for
management of deep fungal keratitis. J Ophthalmol. 2014; 2014:209759. https://doi.org/10.1155/2014/
209759 PMID: 25105019

ShiW, Li S, Gao H, Wang T, Xie L. Modified deep lamellar keratoplasty for the treatment of advanced-
stage keratoconus with steep curvature. Ophthalmology. 2010; 117:226—231. hitps://doi.org/10.1016/j.
ophtha.2009.07.005 PMID: 19969360

Li S, Liu M, Wang Q, Wang T, Shi W. Lamellar keratoplasty following thermokeratoplasty in the treat-
ment of acute corneal hydrops. Am J Ophthalmol. 2014; 158:26-31.e1. https://doi.org/10.1016/j.ajo.
2014.03.011 PMID: 24699158

Borderie VM, Sandali O, Bullet J, Gaujoux T, Touzeau O, Laroche L. Long-term results of deep anterior
lamellar versus penetrating keratoplasty. Ophthalmology. 2012; 119:249-255. https://doi.org/10.1016/.
ophtha.2011.07.057 PMID: 22054997

PLOS ONE | https://doi.org/10.1371/journal.pone.0239939  October 15, 2020 13/13


https://doi.org/10.1111/ceo.13430
http://www.ncbi.nlm.nih.gov/pubmed/30362287
https://doi.org/10.1097/ICU.0b013e3283414fc8
http://www.ncbi.nlm.nih.gov/pubmed/21107260
https://doi.org/10.1016/j.ajo.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/29906431
https://doi.org/10.1136/bjo.2008.148981
https://doi.org/10.1136/bjo.2008.148981
http://www.ncbi.nlm.nih.gov/pubmed/19556213
https://doi.org/10.1016/j.ophtha.2010.05.025
http://www.ncbi.nlm.nih.gov/pubmed/20723996
http://www.ncbi.nlm.nih.gov/pubmed/22177133
https://doi.org/10.1016/S0140-6736%2812%2960437-1
http://www.ncbi.nlm.nih.gov/pubmed/22559901
https://doi.org/10.1016/j.ajo.2012.02.025
http://www.ncbi.nlm.nih.gov/pubmed/22633351
https://doi.org/10.1155/2014/209759
https://doi.org/10.1155/2014/209759
http://www.ncbi.nlm.nih.gov/pubmed/25105019
https://doi.org/10.1016/j.ophtha.2009.07.005
https://doi.org/10.1016/j.ophtha.2009.07.005
http://www.ncbi.nlm.nih.gov/pubmed/19969360
https://doi.org/10.1016/j.ajo.2014.03.011
https://doi.org/10.1016/j.ajo.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/24699158
https://doi.org/10.1016/j.ophtha.2011.07.057
https://doi.org/10.1016/j.ophtha.2011.07.057
http://www.ncbi.nlm.nih.gov/pubmed/22054997
https://doi.org/10.1371/journal.pone.0239939

