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Abstract:    Objective: To evaluate the clinical efficacy of peripheral deep anterior lamellar keratoplasty (DALK) using 
a cryopreserved donor cornea for Terrien’s marginal degeneration (TMD). Methods: Thirty-one eyes of 27 patients with 
TMD underwent peripheral DALK using cryopreserved donor corneas. According to the distance between the inner 
edge of the lesion and the limbus, a ring-shaped or D-shaped DALK was performed. All grafts were stored at −20 °C. 
Cryopreserved corneoscleral rims were prepared for ring-shaped grafts and cryopreserved whole eyeballs were 
prepared for D-shaped grafts. The general conditions, intraoperative performance, postoperative corneal reconstruc-
tion, astigmatism, best corrected visual acuity (BCVA), and various complications were analyzed. Results: 
Ring-shaped DALK was performed in 28 eyes and D-shaped DALK was performed in 3 eyes. Postoperative follow-up 
time was (28.4±24.8) months. There was evidence of inflammation before surgery in 12 eyes (38.7%) and intraoper-
ative perforation occurred in 13 eyes (41.9%). The corneal structures of all eyes were reconstructed. Postoperative 
astigmatism and BCVA showed improvement (both P=0.00) except for cases that underwent D-shaped DALK. Ten 
eyes (32.2%) developed transient ocular hypertension and one eye (3.2%) developed secondary glaucoma. No pri-
mary disease recurrence or corneal allograft rejection was observed. Conclusions: Peripheral DALK for TMD using 
cryopreserved donor tissue is an effective technique that eliminates rejection and extends the use of donor eyes. 
Inflammatory history or intraoperative perforation has no adverse effect on graft recovery. However, D-shaped DALK 
did not achieve good visual outcomes.  
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1  Introduction 
 

Terrien’s marginal degeneration (TMD) is an 
uncommon corneal disease characterized by progres-
sive marginal thinning of the cornea, the aetiology 
and pathogenesis of which are unknown (Duke-Elder, 
1965; Grayson, 1979). Two main forms of TMD are 
recognized: the classic form, which occurs mostly in 
patients older than 40 years and shows extremely 

slow progression with no inflammation (Iwamoto et 
al., 1972; Guyer et al., 1987), and a variant form with 
prominent inflammatory signs, such as ocular surface 
hyperaemia, which occurs in the younger population 
(Austin and Brown, 1981). Typically, these lesions 
begin superonasally and undergo progressive stromal 
thinning with opacification, superficial vasculariza-
tion, and lipid deposition at the central edge. This 
thinning progresses circumferentially and, in rare 
cases, centrally. In advanced cases, extreme thinning 
causes local cornea ectasia and protrusion, which may 
result in marked irregular astigmatism and poor visual 
acuity. Perforation occurs spontaneously or after 
minor trauma in approximately 15% of TMD cases 
(Duke-Elder, 1965; Grayson, 1979). Therefore, sur-
gical management should be considered in cases of 
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severe astigmatism, perforation, or impending per-
foration to reconstruct corneal structure, regain nor-
mal corneal curvature, and improve visual outcomes. 

To date, few studies pertaining to the surgical 
treatment of TMD have been reported. Although 
different surgical techniques have been tested to treat 
peripheral corneal diseases over the years, peripheral 
lamellar keratoplasty (LK) is regarded as the most 
acceptable treatment (Brown et al., 1983; Guyer et al., 
1987; Pettit, 1991; Cheng et al., 2005; Huang et al., 
2008; Wang et al., 2012). Conventionally, the pe-
ripheral LK graft is obtained from a whole fresh 
eyeball, which has an allograft rejection rate of 
10%–14% (Caldwell et al., 1984; Pettit, 1991). Some 
anti-rejection medications, such as cyclosporine A, 
have been administered following the LK operations, 
but these are known to have potentially serious sys-
temic side effects (Wang et al., 2012). 

We have previously reported the advantages of 
cryopreserved donor corneal buttons for full-bed deep 
lamellar keratoplasty (FBDLK) grafting with favora-
ble corneal clarity and no rejection (Yao et al., 2002; 
2006; Yao, 2008). After central corneal transplanta-
tion, different diameters of residual corneoscleral 
rims remain, and these residual corneoscleral rims can 
be used in peripheral keratoplasty. 

Herein, we report a series of peripheral deep 
anterior lamellar keratoplasty (DALK) for TMD us-
ing cryopreserved donor tissue. To the best of our 
knowledge, this is the first case series analyzing the 
applicability of using cryopreserved donor tissue in 
peripheral DALK for TMD. 

 
 

2  Patients and methods 

2.1  Patients 

From June 1998 to December 2012, 31 eyes 
from 27 patients with TMD underwent peripheral 
DALK surgery in the cornea clinic at the Sir Run Run 
Shaw Hospital, School of Medicine, Zhejiang Uni-
versity, Hangzhou, China. The diagnosis of TMD was 
made on the basis of typical peripheral corneal thin-
ning, opacification, vascularization, and lipid deposi-
tion. Indications for surgery included peripheral cor-
neal perforation, Descemet’s membrane bulging, or 
thickness at the thinnest point no more than one 
quarter of the normal corneal thickness with corneal 

ectasia. Signs of ocular surface hyperaemia were elim-
inated with eyedrops before surgery for patients with 
inflammatory type TMD. Patients receiving postopera-
tive follow-up of fewer than six months were excluded. 

2.2  Surgical methods 

All surgery was performed by the same surgeon 
(YFY). If the lesion progressed circumferentially and 
the inner edge was in the peripheral section without 
involving the pupil area, ring-shaped DALK was 
selected; if the lesion progressed both circumferen-
tially and centrally and the inner edge was close to  
or involving the pupil area, D-shaped DALK was 
selected. 

All surgery was performed while the patient was 
under general anesthesia. After the upper and lower 
rectus muscles were fixed, the conjunctiva adjacent to 
the diseased cornea was cut in a way to save limbal 
stem cells at the conjunctival edge. Next, the con-
junctiva was retracted from the limbus and the sub-
conjunctival tissue was excised to expose the bare 
sclera. For ring-shaped DALK, a trephine was used to 
mark the inner edge of the corneal lesion, with an 
inner diameter 0.5 mm smaller than the lipid edge to 
ensure that the entire degenerative cornea was in-
volved. A diamond knife was then employed to 
deepen the trephine groove. The outer edge was 
0.5 mm larger than the thinned corneal limbus and 
was marked by a freehand incision using a diamond 
knife parallel to the clear arc of the limbus. Two ends 
of the ring were outlined by a freehand incision  
(Figs. 1a and 1b). For D-shaped DALK, the inner 
edge was defined as the line incised freehand between 
the two points on either side of the lesion, and the 
outer edge was also marked parallel to the arc of the 
limbus (Figs. 1c and 1d). Following the outline, the 
stroma, including lipid deposition, was removed al-
most to the level of Descemet’s membrane. If there 
was a large perforation, a postoperative shallow an-
terior chamber may occur. Iridectomy was performed 
to prevent postoperative papillary block and second-
ary glaucoma. After iridectomy was finished, the 
lamellar dissection was continued. 

All corneal donor tissue was stored at −20 °C. 
Routinely, we perform FBDLK or penetrating kera-
toplasty (PK) with a trephine of 7.25 to 8.25 mm in 
diameter, and for these cases the retained peripheral 
corneoscleral rims were also stored at −20 °C. If we 
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performed ring-shaped DALK, the donor graft was 
obtained from the peripheral corneoscleral rim.  
Before surgery, the lesion was measured and the 
matched cryopreserved donor corneoscleral rim with 
the same inner diameter was selected. During surgery, 
the outer edge and the two ends of the graft were 
further trimmed to match the bed. If we performed 
D-shaped DALK, the cryopreserved whole eyeball 
was prepared. During surgery, the edge was incised 
using a diamond knife, implementing the same method 
as when the bed was marked. Next, the full-thickness 
graft was reduced in size using scissors. After the 
epithelium and endothelium were wiped away, the 
full-thickness graft was sutured in place with inter-
rupted and tight sutures, using 10-0 nylon for com-
pressive sutures. 

2.3  Postoperative medication and follow-up 

Routinely, the patients were administered 0.3% 
ofloxacin or 0.5% levofloxacin (Santen Pharmaceu-
tical Co., Osaka, Japan) and 0.1% fluorometholone 
(Santen Pharmaceutical Co.) eyedrops four times 
daily for six months. In addition, intravenous 20% 
mannitol 250 mg once was added immediately after 

the operation if the peripheral graft was relatively 
large. If intraocular pressure (IOP) increased, topical 
anti-glaucoma eyedrops were added. All patients 
were followed up on a weekly basis for one month 
and monthly for six months, and then at different 
intervals. Indications for selective suture removal 
included excessive tightness or looseness, exposure, 
vascularization, or astigmatism. 

2.4  Major measurements 

Major measurements included general charac-
teristics of the patients, intraoperative performance, 
postoperative reconstruction of the corneal structure, 
corneal astigmatism, visual acuity, and surgical 
complications. Lipid deposition was graded as none, 
slight, moderate, or marked based on its circumfer-
ential extension and involving depth by visual in-
spection. Corneal reconstruction was accessed by slit- 
lamp photographs and anterior segment optical co-
herence tomography (AS-OCT; Visante, Carl Zeiss 
Meditec, Dublin, California, USA). Graft clarity was 
graded as transparent, slightly opaque (partially ob-
scuring iris details), or obviously opaque (completely 
obscuring all details of intraocular structures). Snel-
len best corrected visual acuity (BCVA) was recorded 
and converted to the base-10 logarithm of the mini-
mum angle of resolution (lgMAR) for calculating 
mean and standard deviation. 

High IOP complications were defined as eyes 
with normal preoperative IOP but with IOP over 
21 mmHg postoperatively. Secondary glaucoma was 
defined as eyes with uncontrollably high IOP need-
ing continuous topical anti-glaucoma medication for 
more than three months or trabeculectomy for con-
trolling eye pressure. Graft rejection was defined as 
the development of an epithelial or endothelial re-
jection line or characteristic keratic precipitates, or 
spreading corneal oedema with cell infiltration in the 
stroma in a previously clear graft. Complicated cat-
aract was diagnosed when the crystal lens turned 
opaque postoperatively. These definitions have also 
been described by our previous report (Wu et al., 
2012). 

2.5  Statistical analysis 

All datasets were tested for normality using the 
Kolmogorov-Smirnov test. The Pearson Chi-square 
test, independent t-test, and Mann-Whitney U tests 

Fig. 1  Dimensions of the corneoscleral bed and graft
(a) If the lesion was in the peripheral part and partially
involved the perimeter, a partial ring-shaped DALK was
chosen. (b) If the lesion was in the peripheral part and in-
volved the entire perimeter, a complete ring-shaped DALK
was chosen. (c) If the inner edge of the lesion was close to
the pupil area, a small D-shaped DALK was chosen and
sutures did not cross the pupil. (d) If the inner edge of the
lesion involved the pupil area, a large D-shaped DALK was
chosen and the sutures did not cross the pupil 

(a) (b) 

(c) (d) 
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were used to investigate differences in categorical 
variables, normally distributed and non-normally 
distributed continuous variables, respectively. Linear 
regression was used to determine the relationship 
between high IOP and factors. All tests were 
two-tailed and a P value of less than 0.05 was deemed 
statistically significant. 

 
 

3  Results 

3.1  General characteristics 

Thirty-one eyes from 27 patients were included 
in this series, 16 males and 11 females, with a mean 
age of (45.9±13.9) years. The binocular morbidity 
rate was 70% (19/27). There were 12 patients who 
had a history of recurrent ocular surface inflammation. 
Median follow-up time was (28.4±24.8) months (range, 
6–110 months). 

Based on a history of inflammation, the eyes 
were divided into the inflammatory group (12 eyes) 
and the noninflammatory group (19 eyes). The mean 
age was (43.9±10.2) years in the inflammatory group 
and (47.1±14.3) years in the noninflammatory group 
(P=0.18). The mean clock hours of the disease area 
was (8.3±3.5) h in the inflammatory group and 
(5.2±1.5) h in the noninflammatory group (P=0.004). 
Lipid deposition in the inflammatory group (Fig. 2a) 
was greater (P=0.01) than that in the noninflammatory 
group (Fig. 2b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Intraoperative performance 
 
During the operations, perforation occurred in 

13 eyes (41.9%), showing that the clear aqueous 
humor effused immediately after the epithelium was 
removed. There were four eyes with a history of 
perforation before surgery, which subsequently 
healed. Of the nine eyes with no history of perforation, 
perforation in four eyes was evident in the thinnest 
point of the ectasia cornea and appeared as a hole, 
while perforation in the other five eyes was in the 
leading edge of lipid deposition with a crack-like 
appearance. The incidence of perforation was 66.6% 
(8/12) in the inflammatory group and 26.3% (5/19) in 
the noninflammatory group (P=0.02). 

3.3  Reconstruction of the corneal structure 

Reconstruction of the corneal structure was 
successfully completed in all eyes. All grafts achieved 
complete corneal epithelialization in 3−7 d, depend-
ing on the size of the graft. A double anterior chamber 
did not occur in any of the perforated eyes. Because 
cryopreserved donor corneas were used, the graft was 
comparatively oedematous in the early postoperative 
period and then gradually clarified. Generally, the 
oedema was completely gone after 2−3 months 
(Fig. 3). Three months after surgery, slit-lamp mi-
croscopy and AS-OCT showed that all grafts were 
well attached to the recipient beds, the peripheral 
corneas restored to normal thickness, and all cases 
preserved anatomic integrity (Fig. 4). The thickness 
of the graft was stable throughout the entire follow-up 
time and no recurrence of corneal thinning was ob-
served (Fig. 4b). During the follow-up period, 5 grafts 
were transparent, 18 grafts were slightly opaque, and 
8 grafts were obviously opaque. In the perforated eyes, 
grafts were slightly opaque in seven eyes and obvi-
ously opaque in the other six eyes. Vascularization of 
the graft occurred in 12 eyes (38.7%). In the in-
flammatory group, no inflammation recurrence was 
observed after the operation. 

3.4  Astigmatism and visual acuity 

According to the clock hours of the disease area, 
the eyes that underwent ring-shaped DALK were 
allocated into one of four groups: group 1, ≤1 quad-
rant (3 eyes); group 2, >1 quadrant and ≤2 quadrants 
(14 eyes); group 3, >2 quadrants and ≤3 quadrants  

Fig. 2  Characteristics of the inflammatory (a) and
noninflammatory (b) TMDs 
(a) Inflammatory TMD: the patient complained of recurrent
redness, pain, and photophobia for more than 5 years. Slit-
lamp microscopy showed ocular surface hyperaemia, entire
peripheral cornea thinning, and lipid deposition involving
the entire ring and deep stroma. (b) Noninflammatory TMD:
the patient complained of decreased visual acuity for 20 years
but no redness or pain. Slit-lamp microscopy showed no
hyperaemia and lipid deposition involved only a small part
of the peripheral cornea and superficial stroma 

(b)(a)
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(6 eyes); and group 4, >3 quadrants (5 eyes). Group 5 
included the 3 eyes that underwent D-shaped DALK. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As determined by a slit-lamp and AS-OCT, all 

corneas regained relatively normal curvature after six 
months. Fig. 5 showed that the corneal curvatures 
were steep preoperatively and back to normal post-
operatively in two cases. The average preoperative 
astigmatism of all cases was (6.80±3.91) D and the 
postoperative astigmatism was (3.58±2.21) D, which 
were statistically different (P=0.01). In the three 
D-shaped DALK cases, the average preoperative 
astigmatism was (8.00±4.58) D and the postoperative 
astigmatism was (7.31±3.04) D, which were not sta-
tistically different (P=0.28; Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mean postoperative BCVA of all eyes was 

statistically better than the preoperative counterparts 
(P=0.00). In group 1, in which the lesions occupied 
less than one quadrant, both preoperative and post-
operative BCVAs were good, and there was no sta-
tistical difference (P=0.42). In groups 2, 3, and 4, 
postoperative BCVA was significantly better than 
preoperative BCVA (P=0.00, 0.01, and 0.01, respec-
tively). In the D-shaped group, both preoperative and 
postoperative BCVAs were poor and similar (P=1.0). 
Twenty-two eyes (71%) achieved a postoperative 
BCVA of 0.5 or better (Table 2). 

3.5  Complications 

After the operations, high IOP occurred in 11 of 
31 (35.4%) eyes, of which 10 eyes returned to a  

Table 1  Comparison between preoperative and post-
operative astigmatisms 

Group
Number 
of eyes

Astigmatism (D) 
P-value

Preoperative Postoperative 

1 3 4.50±0.86 2.41±2.09 0.18 

2 14 7.41±5.05 3.83±1.83 0.01*

3 6 5.94±1.20 2.21±1.09 0.02*

4 5 5.92±2.92 2.75±1.71 0.04*

5 3 8.00±4.58 7.31±3.04 0.28 

Total 31 6.80±3.91 3.58±2.21 0.00*

* P<0.05 

Fig. 4  Reconstruction of the corneal structure 
Slit-lamp microscopy (a) and AS-OCT image (b) show that
the graft attached well to the recipient bed and the thickness
of the graft remained stable after 62 months postoperatively

(a) (b)

Fig. 3  AS-OCT images of the grafts 
AS-OCT showed oedema of the peripheral grafts. (a) The
graft was obviously oedematous in one week after the op-
eration. (b) The oedema of the graft was completely re-
solved in two months after the operation 

(a)

(b)

Fig. 5  Curvature of preoperative and postoperative
corneas 
(a, b) Slit-lamp microscopy showing corneal curvature
preoperatively and 5 years postoperatively. (c, d) AS-OCT
images from another patient showing corneal curvature
preoperatively and 1 year postoperatively 

(a)

(b)

(c)

(d)
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normal level 72 h after medical treatment. High IOP 
persisted for three months in one eye and resulted in 
secondary glaucoma. The IOP of this patient was 
eventually controlled with anti-glaucoma medication. 
The eye with secondary glaucoma was completely 
ring-shaped and had an intraoperative perforation. 
After surgery, the graft was oedematous and the pe-
ripheral anterior chamber was shallow. In the 11 eyes 
with high IOP, 4 grafts were completely ring-shaped 
and another 7 grafts occupied more than 2 quarters.  
In addition, in the 11 eyes with high IOP, 9 had  
intraoperative perforations. Our data showed that 
postoperative high IOP was associated with the range 
of the graft (P=0.039) and intraoperative perforation 
(P=0.033). There were no observations of corneal 
allograft rejection, complicated cataracts, graft infec-
tions, or other complications. 

 
 
4  Discussion 
 

For severe TMD, no standardized surgical 
management has been established since the lesion is 
peripheral and can be manifested in various shapes. 
Over the years, a number of types of surgical proce-
dures, such as cauterization, simple excision, con-
junctival flap, PK, and peripheral LK have been de-
scribed to treat peripheral corneal diseases (Doggart, 
1930; Anderson, 1977; Jonas et al., 2001; Javadi et al., 
2004; Huang et al., 2008). Originally, Terrien treated 
a patient by repeated cauterization of the ecstatic area, 
with the objective of reducing the astigmatism by 
cicatricial contraction (Doggart, 1930). However, this 
surgical method was never subsequently used. The 
simple excision of the abnormally thinned corneal 
stroma and suturing of the near-normal thickness 

 
 
 
 
 
 
 
 
 
 
 
 
edges was suggested, but this operation distorted the 
corneal structure and could not result in normal cor-
neal curvature when the lesion was large enough 
(Caldwell et al., 1984; Javadi et al., 2004; Maccheron 
and Daya, 2012). Conjunctival flap surgery was not 
widely accepted because it could not reconstruct the 
cornea and even worse it would aggravate inflamma-
tion as conjunctival vessels were brought into the 
cornea and induced vascularization and pseu-
dopterygium (Anderson, 1977; Alino et al., 1998). 
PK and LK are effective measures in terms of rescu-
ing the compromised eyeball and reconstructing the 
anterior segment (Panda et al., 1999; Soong et al., 
2000; Jonas et al., 2001; Hanada et al., 2008). In the 
long term, PK has an estimated 20%–38% rejection 
rate, and the rate is even higher in larger diameter or 
eccentric grafts close to the limbus (Peleyer et al., 
1992; Inq et al., 1998). Varley et al. (1990) reported 
that the allograft rejection rate is as high as 64% in 
patients with pellucid marginal corneal degeneration 
treated by PK. Therefore, LK, with the advantages of 
satisfactory anatomical reconstruction and no risk of 
endothelial rejection, is regarded as the more ideal 
procedure (Shimazaki, 2000). However, if the graft is 
large enough to cover the entire cornea, the normal 
corneal tissue along the visual axis must be removed, 
and the vision can be affected when the graft-host 
interface becomes opaque. Thus, for peripheral cor-
neal diseases, peripheral LK was widely used by most 
surgeons (Brown et al., 1983; Guyer et al., 1987; 
Pettit, 1991; Cheng et al., 2005; Huang et al., 2008; 
Wang et al., 2012; Kursiah, 2013). 

The peripheral LK was commonly used for pe-
ripheral corneal diseases to preserve the integrity of 
the globe. However, in this study, we performed pe-
ripheral DALK rather than LK for treating severe 

Table 2  Comparison between preoperative and postoperative BCVAs 

Group 
Number 
of eyes 

lgMAR 
P-value

Row of  
improvement 

Postoperative BCVA
≥0.5 (%) Preoperative BCVA Postoperative BCVA 

1 3 0.10±0.11 0.07±0.12 0.42 0.7 100.0 (3/3) 

2 14 0.70±0.53 0.23±0.19 0.00* 3.1 71.4 (10/14) 

3 6 0.88±0.59 0.18±0.18 0.01* 3.8 83.3 (5/6) 

4 5 0.72±0.24 0.13±0.21 0.01* 3.8 80.0 (4/5) 

5 3 0.86±0.11 1.01±0.85 1.00 0.0 0.0 (0/3) 

Total 31 0.69±0.49 0.25±0.38 0.00* 2.8 71.0 (22/31) 
* P<0.05. BCVA: best corrected visual acuity; lgMAR: base-10 logarithm of the minimum angle of resolution 
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TMD, showing several advantages through changing 
the surgical strategy. Histopathologically, TMD is a 
peripheral corneal stromal disease. In severe cases, 
the peripheral stromal thinning of the cornea is re-
placed by vascularized connective tissue and lipid 
deposits, leaving only the unhealthy epithelium,  
extremely thinning and degenerated stroma and 
Descemet’s membrane (Iwamoto et al., 1972). 
Therefore, in severe cases, in preparing the bed, it is 
easy to remove by peeling off rather than cutting the 
unhealthy stroma from the bed, leaving completely or 
nearly completely the exposed Descemet’s membrane 
of the bed. Moreover, for matching such bed, full- 
thickness of the donor graft is better than a partial 
lamellar graft due to it being easier for preparing and 
also being more regular and smoother in shape. More 
importantly, using the full-thickness of the donor 
graft for repairing the peripheral lesion area provides 
stronger reinforcement of the cornea. We believe that 
further study may prove the advantages of our surgi-
cal strategy in treating such corneal diseases. 

Generally, the peripheral LK graft is usually 
obtained from whole fresh eyeballs. In the present 
study, we performed peripheral DALK using cryo-
preserved donor corneas and reconstruction of the 
corneal structure was successfully completed in all 
eyes. The advantages of using cryopreserved donor 
corneas were remarkable.  

First of all, no allograft rejection episodes in any 
eyes were observed. This is attributed to that cryo-
preserved donor tissue was used for grafting. Our 
previous study reported the mechanism of no allograft 
rejection (Yao et al., 2002; 2006; Yao, 2008; Wu et 
al., 2012). Since we had scraped off epithelial and 
endothelial cells from the donor tissue before grafting, 
the grafted donor tissue actually contained only dead 
keratocyte cells in the stroma. The dead keratocytes in 
the graft may still have allogeneic immunogenicity, 
but they are too weak to induce immunologic in-
flammation and mild anti-inflammatory medications 
such as 0.1% fluorometholone eyedrops in short-term 
were sufficient to prevent this reaction. Based on the 
previous reports (Caldwell et al., 1984; Pettit, 1991) 
indicating that an allograft rejection rate of 10%–14% 
was found when fresh corneal tissue was used, we 
believe that cryopreserved donor tissue is more ideal 
than the fresh donor tissue.  

Secondly, this technique can largely save donors. 

The shortage of corneal donors is a critical problem. 
Since all cells will die in cryopreserved corneas, 
corneas with endothelial cells that are unsuitable for 
PK are still likely to be good as cryopreserved donor 
materials. Moreover, in ring-shaped peripheral DALK, 
all grafts were obtained from the residual cryopreserved 
corneoscleral rims after central keratoplasty. Therefore, 
this technique can make full use of donor corneas 
without requiring new materials. 

Thirdly, the surgical procedure and postopera-
tive treatment are much simpler. Since ring grafts 
were obtained from the residual corneoscleral rim, 
trephine was not needed in graft preparation (Cheng 
et al., 2005; Wang et al., 2012). We selected the 
matched corneoscleral rim according to the inside and 
outside diameters of the lesion before surgery and cut 
them into sizeable grafts during surgery. Since we 
prepared corneal beds almost to the Descemet’s 
membrane, all grafts were taken as full-thickness 
without lamellar preparation procedures (Cheng et al., 
2005). The only additional procedure was the re-
moval of epithelial and endothelial cells by cellulose 
sponges. Therefore, the preparing of grafts was tech-
nically easier and less time-consuming. In addition, 
the postoperative treatment is also simple. As we 
mentioned before, 0.1% fluorometholone eyedrops 
were administered four times daily for six months to 
prevent mild postoperative inflammation, which can 
successfully avoid severe side-effects induced by 
long-term use of immunosuppressants (Wang et al., 
2012). Except for transient ocular hypertension and 
drug-controlled secondary glaucoma which occurred 
occasionally, there were no other complications that 
needed to be managed. Therefore, our results showed 
this technique to be simple and successful. 

Fourthly, in the inflammatory group, no in-
flammation recurrence was observed after the opera-
tion. For the inflammatory type TMD, cryopreserved 
donor material also avoided inflammation recurrence, 
which is of significant note, as a fresh donor may 
induce rejection and aggravate the inflammation. 
Therefore, cryopreserved donor material is safer than 
fresh donor material. 

Wang et al. (2012) reported that no intraopera-
tive corneal perforation occurs during LK surgery 
when guided by high-definition OCT and Pentacam 
imaging. In our study, maximal thinning was accu-
rately judged by a slit-lamp and surgical microscope. 
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Although we carefully tore off the epithelium at the 
thinnest point, perforation still occurred in 41.9% of 
the eyes. The thinnest point and lipid deposition were 
the most predilection sites of the perforation. These 
perforations originally existed just below the epithe-
lium and thus their identification was inevitable  
during surgery. Incidence of these perforations was 
higher in the inflammatory group (P=0.02). We 
speculated that lipid filtration may be caused by 
vascular congestion and increased vascular permea-
bility, which may explain the greater lipid deposition 
and higher incidence of perforation in the inflamma-
tory group. However, for these perforated eyes, there 
was no double anterior chamber. We speculated that 
this was due to the well-matched donor graft and 
recipient bed, and the relatively small size of the pe-
ripheral and ring-shaped graft. Since the exact reason 
was unknown, further research may be needed. There 
was also no complicated cataract and no delay in graft 
recovery. Unfortunately, graft clarity of the perforated 
eyes was worse than that of the non-perforated eyes. 

In this study, high IOP was the most common 
complication, which was related to the range of the 
graft and intraoperative perforation. We hypothesize 
three causes for the high IOP: (1) the cryopreserved 
donor tissues were oedematous; (2) ring-shaped grafts 
were in the periphery and required two lines of su-
tures and these two factors crowded the peripheral 
anterior chamber; and (3) intraoperative perforation 
caused a shallow anterior chamber postoperatively. 
As a result, these three factors led to a high incidence 
(35.4%) of high IOP. However, 90% of these cases 
(10/11) were successfully controlled in 72 h with 
medication and secondary glaucoma was a rare oc-
currence (1/11). 

The key goal of this surgery is to generate a more 
regular ocular surface and restore the integrity of the 
cornea at the same time. Theoretically, peripheral 
DALK can create normal corneal curvature and im-
prove the visual acuity. Our results also showed that 
the postoperative BCVA of the ring-shaped group 
was good. However, both postoperative BCVA and 
astigmatism of the D-shaped group were poor. These 
results were consistent with those in previous reports 
(Cheng et al., 2005; Huang et al., 2008; Wang et al., 
2012). We presume that in the D-shaped group, su-
tures near the optical zone led to a highly irregular 
astigmatism and decreased the visual acuity postop-

eratively. Therefore, other appropriate surgical pro-
cedures should be considered over D-shaped DALK; 
enlarged grafts, such as whole corneal FBDLK, may 
be a more appropriate choice. 

Taken together, this study manifested that pe-
ripheral DALK using a cryopreserved donor graft in 
treating TMD can reconstruct the corneal structure, 
regain normal corneal curvature, obtain better visual 
acuity, avoid allograft rejection, and make full use of 
donor corneas. However, D-shaped DALK did not 
achieve good visual outcomes and needs to be re-
placed by a more appropriate procedure. 
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 中文概要： 

 

本文题目：冰冻保存供体的周边深板层角膜移植治疗 Terrien’s 角膜变性的临床疗效 
Peripheral deep anterior lamellar keratoplasty using a cryopreserved donor cornea for Terrien’s marginal 
degeneration 

研究目的：观察采用冰冻保存供体的周边深板层角膜移植治疗 Terrien’s 角膜变性（TMD）的临床疗效，探讨 TMD

的最佳手术治疗方式。 
创新要点：供体角膜为冰冻保存，其中部分为中央角膜移植术后剩余的角巩膜环，并改进传统的手术方法。采用周

边深板层角膜移植，既充分利用和节约供体，避免排斥反应，又简化了手术操作过程，有效地恢复了眼

球完整性和提高术后视力。 
研究方法：研究对象为 1998 年 6 月至 2012 年 12 月期间在浙江大学医学院附属邵逸夫医院眼科中心进行周边深板层

角膜移植术的 27 例 TMD 病人的 31 只眼。根据病变范围和大小，分别进行环形深板层角膜移植和 D 形深

板层角膜移植。所有植片均于−20 °C 冰冻保存，冰冻保存的角巩膜环植片用于环形深板层角膜移植，冰

冻保存的整个眼球用于 D 形深板层角膜移植。对所有术眼的病例资料、视频及影像学检查进行回顾性分

析，记录并总结患者的一般情况、术中表现、术后角膜结构的变化、屈光及视力的变化及术后并发症等。

重要结论：采用冰冻保存供体的周边深板层角膜移植治疗 TMD 可以有效地恢复角膜结构的完整性且能长期维持（图

3 和 4）。术后随访过程未发现免疫排斥反应，环形深板层角膜移植术后视力较前明显提高，而 3 例（100%）

D 形深板层角膜移植术后散光及视力均不提高（表 1 和 2）。术前炎症及术中穿孔并不影响术后最终结果。

关键词组：Terrien’s 角膜变性；周边深板层角膜移植；冰冻保存 


