
Bullous keratopathy, the leading cause for corneal 
transplantation, is a painful end-stage corneal disorder of 
numerous ocular conditions caused by endothelial decom-
pensation. Normally the corneal endothelium regulates 
stromal hydration through its ion pumping function, but 
in conditions such as aging, trauma, intraocular lens im-
plantation, corneal graft failure, endothelial dystrophy, 
absolute glaucoma, chronic contact lens wear, or decrease 

of endothelial cell density and pumping function, the cor-
neal stroma becomes edematous with bullae formation [1]. 
Clinical features of bullous keratopathy can vary from se-
vere vision loss caused by stromal edema and subepithelial 
scarring to symptoms such as pain, foreign body sensation, 
photophobia, and epiphora due to the formation and rup-
ture of blisters [2,3].

Currently, penetrating keratoplasty (PKP) is the defini-
tive treatment for bullous keratopathy [4-6]. However, 
patients usually have to wait many years before undergo-
ing surgery due to a shortage of donor corneas, especially 
in Asian countries. Thus, in practice, the primary aim of 
treatment is to relieve its associated symptoms. 

Several modalities are being applied for the management 
of pain in symptomatic bullous keratopathy including 
medical (e.g., hyperosmotic agents, lubricants, topical cor-
ticosteroids, and therapeutic soft contact lens) and surgical 
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Purpose: To introduce autologous tragal perichondrium transplantation as a novel surgical modality for the 
management of intractable symptomatic bullous keratopathy.

Methods: In three eyes of three patients with painful bullous keratopathy, autologous tragal perichondria were 
transplanted on the corneal surface with the human amniotic membrane transplanted above. We included 
an additional three eyes of three patients with painful bullous keratopathy who received amniotic membrane 
transplantation only to serve as controls. Clinical symptom outcomes were assessed using a visual analogue 
scale at postsurgical months 1, 3, 5, 7, and 9. In addition, transplanted tragal perichondrium and amniotic 
membrane complex tissue button obtained from one patient who underwent penetrating keratoplasty was 
evaluated by immunohistochemical analysis of CD34, vimentin, and alcian blue staining.

Results: All three patients who underwent autologous tragal perichondrium and human amniotic membrane co-
transplantation showed improvements in pain and tearing. However, all three patients in the control group ex-
perienced aggravation of tearing and no further improvement of pain 3 months after surgery. In addition, one 
patient in the control group developed premature degradation of the amniotic membrane. Histopathologic and 
immunohistochemical analysis showed intact surface epithelization and positive CD34, vimentin and alcian 
blue staining of transplanted tragal perichondria.

Conclusions: The tragal perichondrium has a high mechanical structural force and high potency due to well-
organized epithelization and the presence of mesenchymal stem cells. Autologous tragal perichondrium trans-
plantation may be an effective modality for the management of painful bullous keratopathy.
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(e.g., diffuse anterior stromal puncture, human amniotic 
membrane transplantation, excimer laser phototherapeutic 
keratectomy [PTK], diamond burr polishing of Bowman’s 
membrane, and conjunctival flap) [2,3,7-11]. However, these 
treatments are not always satisfactory or acceptable. The 
effects of applied drugs are transient and imperfect and the 
use of steroids may predispose patients to bacterial kerati-
tis [12]. The surgical procedures are also unsatisfactory be-
cause of the regression of epithelial bullae, the recurrence 
of pain, and discomfort [2,10,13].

The tragal perichondrium is used widely for reconstruc-
tive ear surgery (i.e., myringoplasty) in the otorhinolaryn-
gology field and is also used in eyelid reconstruction [14-16]. 
Originally, the tragal perichondrium differentiates from 
mesenchymal tissue and due to its stem cell potency [17,18], 
it has high tissue compatibility yielding excellent epithe-
lization after transplantation [15]. In this study, we trans-
planted autologous tragal perichondria on the cornea in 
conjunction with human amniotic membrane transplanta-
tion in patients with painful bullous keratopathy who were 
awaiting PKP. Although this study included only a small 
number of cases, we achieved successful postoperative 
graft viability and compatibility, and associated symptoms 
such as pain and tearing improved after transplantation.

Amniotic membrane transplantation (AMT) has been 
shown to be a safe, effective, and long-lasting treatment 
modality for intractable pain associated with chronic bul-
lous keratopathy with poor visual potential [13]. However, 
there are several reported complications after AMT, in-
cluding hematoma formation in the postoperative period, 
granuloma formation, or premature degradation of the 
membrane requiring a repeat procedure [19]. For this rea-
son, we compared the effect of autologous tragal perichon-
drium (aTPC) and amniotic membrane (AM) co-trans-
plantation with the effect of AMT alone in patients with 

bullous keratopathy. The aim of our study was to evaluate 
the therapeutic efficacy of aTPC as a bridge until PKP.

Materials and Methods
Autologous tragal perichondrium transplantation was 

performed on three eyes of three patients with chronic 
intractable painful bullous keratopathy with symptoms 
of tearing for over 2 years and who were awaiting PKP. 
Patient demographics and clinical data are given in Table 1. 
Given the opacity of the perichondrium, the surgery was 
confined to patients with low visual acuity or potential. 
The institutional review board for Human Studies of 
Chung-Ang University Hospital approved this research and 
protocols adhered to the Declaration of Helsinki. Informed 
consent was obtained from all patients after explaining the 
nature of the study and its possible consequences.

Gauze soaked in 2% lidocaine with 1:100,000 epineph-
rine was packed in the external auricular canal for 5 min-
utes for anesthetization and decongestion of the external 
auricular skin. After disinfecting the periauricular area, 0.2 
mL of a local anesthetic agent was injected at the posterior 
surface of the tragus to be harvested. After 5 minutes, a 
1.2-cm-long incision was made 2 mm posterior to the free 
edge of tragus with a no. 10 scalpel blade (Fig. 1A). After 
the skin and subcutaneous tissues were incised parallel to 
the free edge of the tragus, the tragal perichondrium and 
cartilage were immediately seen under the skin. Using a 
pair of small blunt curved scissors, the subcutaneous tis-
sue was dissected and the anterior surface of the tragal 
perichondrium was dissected from the tragal cartilage (Fig. 
1B). After the entire anterior perichondrium was maximal-
ly elevated and cleaned on both sides, the perichondrium 
to be cut was gently held by fine tissue forceps (Fig. 1C). 
Thereafter, the tragal perichondrium was harvested from 

Table 1. Patient data and clinical demographics

aTPC + AMT group AMT group (control)
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age (yr)     63 74 70 63 30 73
Sex Male Male Male Male Male Female
Involved eye OD OD OD OS OS OS
Preoperative VA LP (-) LP (+) HM (+) LP (+) LP (+) LP (-)
Preoperative IOP      7 16 25   7 22 22
Etiology of bollous keratopathy Trauma Trauma Postoperative

(PBK)
Postoperative

(PBK)
Trauma Postoperative

(PBK)
Preoperative pain (VAS) 6              8 7 7 4 8
Preoperative tearing (VAS) 5              9 8 5 5 3
Associated disease None Glaucoma None Glaucoma Glaucoma None
Follow-up (wk)     20 20 20 20 20 20
aTPC = autologous tragal perichondrium; AMT = amniotic membrane transplantation; VA = visual acuity; LP = light perception; HM = 
hand movement; IOP = intraocular pressure; PBK = pseudophakic bullous keratopathy; VAS = visual analogue scale.
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the tragal tissue and the skin incision was sutured with 
4-0 nylon material. The free tragal perichondrium tissues 
were washed with normal saline and prepared for graft-
ing (Fig. 1D). Harvested autologous tragal perichondria 
were processed to be round in shape by trephination with a 
9-mm diameter corneal trephine. After applying retrobul-
bar anesthesia, a central 9 mm of the cornea was treated 
with 30% alcohol, and the relevant corneal epithelium was 
removed by manual debridement with a cotton tip and a 
Weck-Cell sponge. The prepared 9-mm-diameter tragal 
perichondrium was sutured to the peripheral cornea using 
simple interrupted suturing technique with 10-0 nylon, 
skin side up. Because the tragal perichondrium is a whit-
ish-opaque tissue, we performed corneal tattooing using a 
1:1 mixture of black and brown pigments (Micropigment; 
BioTouch, La Puente, CA, USA) for cosmetic purposes. 
Permanent AM transplantation with basement membrane 
side down and a successive temporary AM patch pro-
cedure with the basement membrane side up were then 
performed over the attached perichondrial tissue using a 
suturing technique with 10-0 nylon. In all control group 

Fig. 2.  Visual analogue scales of symptoms (pain and tearing) before and after treatment. (A,B) Symptom improvement continued until 
postsurgical 9 months in autologous tragal perichondrium + amniotic membrane transplantation group. (C,D) However, in the control 
group (amniotic membrane transplantation alone), symptom was aggravated after mild improvement in post-surgical early period. 
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Fig. 1.  Harvest of autologous tragal perichondrium. (A) Skin 
incision parallel to the free edge of the tragus. (B) Anterior sur-
face (arrow) of the tragal perichondrium dissected from tragal 
cartilage. (C) Tragal perichondrium (arrow) to be cut held with 
forceps. (D) Tagal perichondrium harvested intraoperatively.
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patients, corneal epithelial peeling, permanent AM trans-
plantation, and temporary AM patching were performed 
in the same way as in the perichondrium transplantation 
group. After the surgery, all patients in both groups were 
instructed to use a topical levofloxacin eye drop (Cravit; 
Santen, Osaka, Japan) 4 times a day, a steroid-antibiotic 
mixture ointment (Maxitrol; Alcon Laboratories, Fort 
Worth, TX, USA) 2 times a day for 2 weeks followed by a 
tapered dose over the following 2 weeks, a topical 40% au-
toserum made in our hospital, and artificial tear eye drops 
without preservatives (Hyalein mini 0.1%, Santen) every 2 
hours for 4 weeks. The attached AM patch was removed 1 
to 2 weeks after surgery.

This study had two major outcomes with respect to the 
effect of tragal perichondrium transplantation: 1) post-
transplant alleviation of pre-existing pain and tearing; and 

2) post-operative compatibility and viability of graft tissue. 
The most common and intractable symptoms, pain and 
tearing, were assessed at postsurgical months 1, 3, 5, 7, and 
9 and were compared with pre-procedure values. Symptom 
severity was estimated with a questionnaire that rated pa-
tient symptoms with a visual analogue scale (VAS), with 0 
representing no pain or discomfort and 10 representing un-
bearable symptoms. All six patients were asked about the 
postoperative degree of symptoms by the same interviewer 
and were instructed to indicate the degree on the VAS.

One (case 3) patient in the aTPC-AMT group underwent 
PKP 5 months after surgery. The excised transplanted 
perichondrium-amniotic membrane complex from this 
patient was detached from the underlying cornea button, 
fixed in 10% formaldehyde, bisected, and subjected to rou-
tine paraffin processing. Hematoxylin and eosin staining, 

Fig. 3.  Slit lamp photograph of the cornea with bullous keratopathy before (A) and after autologous tragal perichondrium transplantation, 
followed by corneal tattooing and amniotic membrane transplantation (B). (B) There was an area of epithelial defect (arrow) 2  weeks af-
ter surgery. (C,D) After surgery, transplanted autologous tragal perichondrium was well maintained without degradation 5 months after 
surgery (C), and up to follow-up month 9.
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alcian blue staining, and immunohistochemical staining of 
vimentin and CD34 were performed to determine the post-
operative structural stability of the cornea and to evaluate 
transplanted aTPC as a compatible, proliferative graft tis-
sue.

Results

Patients

The follow-up period after aTPC-AMT or AMT was 9 
months for all patients. In addition, one male patient in the 

aTPC-AMT group underwent PKP 5 months after aTPC 
-AMT. All patients experienced pain and tearing relief as 
a result of graft epithelium healing 2 to 3 weeks after sur-
gery. Fig. 2 shows the symptom scale score of each patient 
in the both groups. Preoperatively, all patients in the aTPC-
AMT group had uncontrollable pain and tearing, despite 
long-term use of hyperosmotic agents, lubricants, and topi-
cal corticosteroids. In contrast, during the postoperative 
period, the pain and tearing were relieved within the first 
month. Thereafter, this improvement continued until post-
surgical month 9 (Fig. 2A and 2B). However, in the control 
group, although all patients experienced mild relief of 

Fig. 4.  Slit lamp photograph of the cornea 6 weeks after amniotic membrane transplantation. (A) Transplanted amniotic membrane de-
graded in one patient who underwent only amniotic membrane transplantation. (B) Central cornea was ulcerated with fluorescein dye 
staining.

Fig. 5.  Clinical appearance before and after autologous tragal perichondrium transplantation in conjunction with corneal tattooing and 
amniotic membrane transplantation, thereafter penetrating keratoplasty (PKP) in one patient (case 3). (A) Preoperatively, there was cen-
tral corneal opacity with severe corneal neovascularization. (B) Until post-PKP month 9, there was no graft rejection, maintaining trans-
parency.

A B
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their symptoms within the first postoperative month, there 
was an increase in pain at the 3-month follow-up in two 
patients (cases 4 and 6) and pain persisted at the 9-month 
follow-up. The remaining patient in this group (case 5) 
showed further improvement at the third month, but symp-
toms deteriorated thereafter (Fig. 2C). In all patients of this 
group, tearing was aggravated after mild improvement (Fig. 
2D). 

Comparing graft tissue viability and compatibility, ad-
verse effects were not observed in either group on corneal 
examination up to 1 month postoperatively. The trans-
planted aTPC-AM complex was maintained well without 
damage up to 9 months postoperatively (the maximum 
follow-up period) (Fig. 3). However, one male patient in the 
control group on whom a permanent AMT and temporary 
AM patch procedure was performed had developed pre-
mature degradation of the amniotic membrane and central 
corneal ulceration at the 6-week follow-up (Fig. 4). After 
1 month of conservative treatment, the central corneal 
ulceration improved, but the extent of degradation of the 
amniotic membrane remained the same on slit lamp ex-
amination. 

No signs of tissue rejection, necrosis, or infection were 
noted in the aTPC-AMT group up to 5 months postopera-
tively. One of these patients underwent PKP 5 months after 
transplantation. In this patient, visual acuity was improved 
from hand movements close to the face to 20 / 200. In ad-
dition, there was no complaint of pain or tearing, and no 
graft rejection up to 9 months post-PKP, with maintenance 
of the transparency of the donor cornea (Fig. 5).

Histologic and immunohistochemical analysis

Histologic and immunohistochemical analyses were 

performed on tissues from one patient (case 3) in the 
aTPC-AMT group who underwent PKP 5 months after 
the primary surgery. Sections of the excised transplanted 
aTPC-AM complex obtained at the time of PKP revealed 
complete multi-layered epithelization over the transplanted 
aTPC and AM, which was morphologically very similar to 
stratified squamous epithelium of a normal cornea (Fig. 6).

Immunohistochemical staining demonstrated that the 
transplanted aTPC had a proliferative and regenerative po-
tential as a graft tissue. Alcian blue staining was positive 
and vimentin was expressed throughout the inner chon-
drogenic layer (Fig. 7). Immunohistochemical staining of 
CD34, which is expressed in vascular endothelial cells, 
showed vessel formation in fibrous connective tissue in the 
outer region of the chondrogenic layer (Fig. 8).

Fig. 7. Histology and immunohistochemistry of the transplanted 
autologous tragal perichondrium. (A) Inner chondrogenic layer 
of transplanted autologous tragal perichondrium (inside of black 
rectangle) with hematoxylin and eosin staining (×200). (B) Immu-
nohistochemical staining of vimentin (arrow) and (C) alcian blue 
staining (arrow head) of the inner chondrogenic layer showed 
existence of mesenchymal stem cells in transplanted autologous 
tragal perichondrium (×400).

A

B C

Fig. 6.  Histology of postoperative epithelization underlying 
transplanted amniotic membrane and autologous tragal peri-
chondrium (×400). Multi-layered generated stratified squamous 
epithelium was morphologically similar to normal corneal epithe-
lium.



155

KW Kim, et al. Tragal Perichondrium Graft in Bullous Keratopathy

Discussion

Symptomatic bullous keratopathy, which occurs as a 
result of endothelial decompensation, is one of the major 
indications for PKP [4-6]. However, PKP is a treatment 
option that is often unavailable because of the insufficient 
number of donor corneas and the high cost of the proce-
dure. Therefore, in cases with poor visual potential or low 
visual acuity, the focus is on life-enhancing symptom al-
leviation.

Several management methods are used to control the 
symptoms of patients who are awaiting PKP. However, 
these are not totally satisfactory because of therapeutic 
limitations or possible side effects. Contact lens usage and 
topical steroid application may predispose a patient to bac-
terial keratitis. Surgically, anterior stromal micropuncture 
(ASP), PTK, and AMT, which are well recognized and 
commonly used procedures to manage painful bullous 
keratopathy, can cause several side effects. Fernandes et al. 
[20] reported exaggerated subepithelial fibrosis after ASP 
that led to symptom recurrence. In addition, possible com-
plications such as persistent epithelial defect, delayed epi-
thelial healing, and microbial keratitis have been reported 
after PTK [21], and AMT can result in complications as-
sociated with premature membrane degradation [2,9,10,13]. 
In our study, one patient in the AMT group experienced 
degradation of the transplanted AM just over the area of 
the ulcerated cornea 6 weeks after AMT.

Although the tragal perichondrium is generally used in 
myringoplasty and eyelid reconstruction [14-16], there is 
no report on the efficacy of tragal perichondrium grafting 
on the cornea. The perichondrium is composed of collagen 

type I and II fibers, elastic fibers, and glycoproteins includ-
ing aggrecan [22] which are similar to the composition of 
sclera. And autologous tragal perichondrium graft was re-
ported to be an effective treatment for replacing the necro-
tized sclera via neovascularization and rapid epithelization 
in refractory necrotizing scleritis [23]. In addition, Migirov 
et al. [24] showed that closure of the tympanic membrane 
using the tragal perichondrium achieved water tolerance in 
all cases. That is, due to the mechano-structural force and 
scant water penetration [24] due to the good epithelization 
over the transplanted perichondrium (Fig. 6), the perichon-
drium graft could act as a substrate compatible with the 
underlying corneal stroma.

When choosing an ideal graft tissue, many factors must 
be taken into account, including availability of the materi-
al, immune reactions due to allogenic antigens, secondary 
infections, foreign body reactions, and inflammation. The 
most commonly used patch grafts such as the sclera, dura, 
pericardium and fascia lata in repairing of scleral defects 
have some limitations [25-32]. Scleral or pericardial tissue 
grafts may induce immune rejection leading to graft fail-
ure. Fascia lata, dura or dermis grafts are not widely used 
because of harvesting and processing difficulties. However, 
the tragal perichondrium is easily obtained without defor-
mity or dysfunction of the donor site and is free from im-
mune rejection. Furthermore, the tragal perichondrium is 
known to contain stem cells, which may assist the viability 
of grafted tissues [17,18]. Ljung et al. [33] reported struc-
tural, functional, and proliferative characteristics of regen-
erating cartilage, in addition to vivid vessel regeneration, 
in a rabbit perichondrial graft tissue model. Arai et al. [17] 
showed that mesenchymal stem cells in the perichondrium 

Fig. 8. Immunohistochemical staining of CD34 of the transplanted autologous tragal perichondrium. (A) Forma-
tion of vascular structures are shown (arrow) in transplanted autologous tragal perichondrium (×200), and (B) this 
is supposed to be attributable to CD34-positive endothelial cells (arrow head) in the inner chondrogenic layer (inside 
of black rectangle in A) (×400).

A B
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of the hyaline cartilage of fetal limbs are pluripotent. Togo 
et al. [18] differentiated perichondrocytes harvested from 
rabbit ears into adipocytes and osteocytes and reported the 
efficacy of perichondria containing such tissue progenitor 
cells as a potential candidate tissue for reconstructing car-
tilage. In this study, based on two unique characteristics; 
mechanical structural force and stem cell-bearing feature, 
we co-transplanted autologous tragal perichondria and 
human amniotic membranes on the corneal surfaces of 
patients with painful bullous keratopathy. All patients who 
underwent aTPC-AMT experienced improvements in pain 
and tearing. Moreover, aTPC was maintained without deg-
radation for 5 months postoperatively.

In bullous keratopathy, painful episodes associated with 
photophobia and tearing are attributed to nerve stretching 
and irritation by epithelial and subepithelial bullae and to 
the rupture of surface bullae exposing nerve endings [34]. 

Therefore, symptom alleviation can be achieved by the 
removal of the bullae and by preventing the corneal nerve 
endings from touching the eyelid margin.

We were able to examine the aTPC-AM complex but-
ton removed at the time of PKP in one patient and cor-
relate this patient’s clinical symptom improvements with 
histologic observations. In this case, we observed a well-
organized multilayered surface epithelium over the trans-
planted aTPC-AM complex. AMT is generally considered 
an effective treatment for ocular surface reconstruction. 
However, in a study by Tosi et al. [35], five eyes that un-
derwent AMT (epithelial side up) and subsequent PKP or 
enucleation were subjected to histopathological analysis 
after a mean of 8.2 months (range, 2 to 22 months). None 
of the eyes showed remnants of AM in the cornea and all 
showed disruption of Bowman’s membrane despite ocular 
symptom improvement.

We suspect that the good epithelization observed in 
the aTPC-AMT group relieved the pain and tearing by 
functioning as a key barrier that prevents the nerve end-
ings on the cornea from being exposed to the external 
environment. The high expression of CD34 on immuno-
histochemical analysis indicated vessel regeneration in the 
transplanted aTPC and the positive vimentin and alcian 
blue staining in the inner chondrogenic layer suggests the 
existence of viable mesenchymal stem cell-like perichon-
drocytes. Based on the CD34-positive staining of cells in 
the inner chondrogenic layer, we suggest that the inner 
layer, which contains mesenchymal stem cells, may also 
play a role in the origin of angiogenesis (Fig. 8). The re-
sults of the histologic and immunohistochemical analyses 
in our study implies that aTPC could act as a feeder layer 
promoting overlying epithelization and subsequent forma-
tion of a multilayered intact epithelium. Rapid and well-
organized epithelization in graft tissues is a unique feature 
of the tragal perichondrium and seems to be attributable to 

the presence of endothelial and mesenchymal stem cells.
Our study is limited in that the number of patients in 

each group was small and the follow-up period was short. 
Also, we cannot exclude the possible impact of undiscov-
ered factors in postoperative tissue healing. Nevertheless, 
this is the first study that has utilized aTPC in corneal dis-
ease, specifically bullous keratopathy. Our results suggest 
that aTPC encourages intact epithelial regeneration and 
symptom alleviation because it contains stem cells. 

Autologous tragal perichondrium transplantation rep-
resents a novel treatment method for symptom control in 
patients with intractable painful bullous keratopathy who 
are awaiting PKP. For extensive and standardized use of 
this treatment modality, further studies of the mechanism 
underlying the therapeutic effect of tragal perichondrium 
are required based on additional standardized prospective 
trials.
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